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PREFACE

I

On March 15, 1996, the U S Depariment of the Army (Army) submitted the Draft Final Corrective

Action Management Unit (CAMU) Designation Document (Draft Final CDD) to the Colorado

Department of Public Health and Environment (CDPHE) The Draft Final CDD was submitted by the

Army to allow CDPHE to designate a CAMU at the Rocky Mountain Arsenal in accordance with

Section 264 552 (a) of 6 CCR 1007-3 under the authority granted by the Hazardous Waste Manage-

ment Act In response to the Array's CAMU application, CDPHE and the Army entered into a

Compliance Order on Consent No 96-06-07-01 (the Order) on June 7, 1996

Paragraph 17 of the Order states

"By this order on consent, the Department approves the Draft Final CAMU Designation
Document as a coriective measure plan and the designation of a C"U sub)ect to the
findings and conditions set forth in Attachment A, which is hereby incorporated into this
Order on Consent "

The sole purpose of this Final CDD is to incorporate the modifications requested by CDPHE in

Attachment A of the Order Appendix S of this document includes a complete list of the

modifications

21907 70SOll I Harding Lawson Associates
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1 .0 IMMODUCTION

This Corrective Acton Management Unit (CAMU) Designation Document (CDD) has been prepared in

support of the designation of a CAMU as part of the remedy for cleanup of the Rocky Mountain

Arsenal (RMA), located in Adams County, Colorado The CAMU will be designated by the Colorado

Department of Public Health and Env3xonTn ent (CDPHE) in accordance with Section 264 552(a) of

6 Code of Colorado Regulations (CCR) 1007-3 under the authority granted to CDPHE by the Colorado

Hazardous Waste Management Act (CHWMA) The designation win be part of a corrective action

order issued under the authority of 25-15-308 (CRS) The CDD and its appendixes are being

submitted to the CDPHE in conformance with Section 264 552(d) of 6 CCR 1007-3

The CDD has been prepared by Harding Lawson Associates (BLA) as a contract deliverable under

Delivery Order 0-007 (Task 93-03, Feasibility Study Soil Support Program) of Con-

tract DAAA05-92-DO003 between HLA and the U S Department of the Army (Army) This documdnt

has been prepared at the direction of the Army for the sole use of the Army, the signatories of the

Federal Facilities Agreement (FFA) of RMA, the State of Colorado (State), Adams County, and Tri-

County Health Department, the only intended beneficiaries of this work This document has been

prepared for designation of a CAMU ai RMA and should not be used for any other purpose

1.1 Site Background

RMA is located northeast of Denver, Colorado, and is on more than 17,000 acres (27 square miles)

(Figurel) It is located about 10 miles from downtown Denver just north of the former Stapleton

International Airport and west of Denver International Airport

1.1.1 Site History

RMA was built in 1942 to manufacture chemical weapons in support of World War H Chemical

weapons such as mustard gas, white phosphorus, and napalm were manufactured at RUAL The

Army continued with the manufacturing of these munitions until 1969 RMA was then used as a site

to destroy these chemical munitions until the 1970s The Amy leasedRMA facilities to Shell Oil

21907 7050111 Harding Lawson Associates
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introduction

Company (Shell) and its predecessors from 1952 to 1989 for manufacturing herbicides and pesticides

A variety of methods was used for treating and disposing of wastes generated by manufacturing and

munitions activities during the production years at RMA Disposal methods included chemical

neutralization, incineration, evaporation, and offsite disposal Due to some of the disposal practices

that emsted during the manufacturing period, contamination of the soil, groundwater, surface water,

and structures occurred

Offsite groundwater contamination was first discovered in the mid-1950s on agricultural land north

of RMA In an attempt to contain the wastp and prevent further offsite migration, the Army built a

93-acre, asphalt-lined storage pond (Basin F) A 12,500-foot deep m3ection well was also constructed

to increase waste disposal capacity Despite these efforts, a significant. cleanup action remained to be

accomplished The Army began a systematic investigation into the contamination problem in 1984

in accordance with the Comprehensive Environmental Response, Compensation, and laability Act

(CERCLA) RMA was placed on the CERCLA National Priorities List for enwronmental cleanup in

1985 The Armys first and foremost goal was to contain the pollution and prevent additional offpost

migration The Installaton Restoration Program was created by the Army to address environmental

issues at RMA Since 1985, the sole mission at RMA has been remediation of the contamination

1.1.2 Conceptual Remedy

In June 1995, an Agreement for a Conceptual Remedy (the Conceptual Remedy) for the Cleanup of

RMA among the State, U S Environmental Protection Agency (EPA), the Army, Shell, and the

U S Fish and Wildlife Service (FWS) was signed The Conceptual Remedy represents agreement by

the parties relative to specific components of the remedy for the final cleanup of RMA These com-

ponents of the remedy are included in the (1) Proposed Plan for the RMA Onpost Operable Unit and

(2) Final Detailed Analysis of Alternatives Report (DAA) (Foster Wheeler, 1995) The Conceptual

Remedy, the Proposed Plan for the Onpost Operable Unit, and the DAA are documents prepared

under various authorities of the Comprehensive Environmental Response, Compensation, and

Liability Act (CERCIA) The Conceptual Remedy calls for the construction and operation of a new

1-2 Harding Lawson Associates 21907 7050111
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Introduction

onsite hazardous waste landfill for disposal of principal threat and human health exceedance soil and

debris as those categones of contamination are defined m the DAL

1.2 Summary of Regulatory Requirements

In the Onpost Operable Unit Detailed Analysis of Alternative Dispute Resolution Agreement dated

October 16, 1995 (Dispute Resolution), the State, EPA, Army, Shell, and FWS agreed that a CAMU

mcorporating the future hazardous waste landfill, the Basm F Waste Pile drying unit, and the appro-

pnate waste staging and/or management area(s) would be designated The Dispute Resolution was

developed in accordance with the Federal Facility Agreement (FFA), wbich exists under CERCIA

The requirements for CAMUs are provided in 6 CCR 1007-3, Subpart S Section 264 552 This

regulation provides the basis for designation of a CAMU and outhnes; the requirements for the CAMU

that are to be specified as part of the designation In adchtion, Sect.Lon 264 552(a)(3) specifies that

where remediation waste placed into a CAMU is hazardous waste, the C.AW shall comply with

Part 265, Subparts B,C,D, and E of 6 CCR 1007-3 (Standards for Ovmers and Operators of Hazardous

Waste Treatment, Storage, and Disposal Facilities [TSDFs]) Whenssuch remediation waste are to

remain m place after closure, Section 264 552 (a)(3) also requires compliance with the sitmg

requirements for haza dous waste disposal sites, which are found in 6 CCR 1007-2, Part 2 These

regulatory requirements are hsted below

Part 265 Subpart B refers to general facd" standards for owners and operators of hazardous
waste TSDFs

Part 265 Subpart C refers to preparedness and prevention requirements for TSDFs

Part 265 Subpart D refers to contmgency plan and emergency plan requirements for TSDFs

Part 265 Subpart E refers to manifest system, record-keepmg, and reporting requirements for
TSDFs

Requirements for sitmg and design of hazardous waste disposal sites wluch are found m
6 CCR 1007-2, Part 2

21907 7050111 Harding Lawson Associates 1-3
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Introduction

Section 4 0 provides a cross-reference of where CAMU related regulatory requirements and/or

guidance is located within the CDD

1.3 Overview of the CDD

This CDD will be submitted to the CDPHE in response to Section 264 552(d) of 6 CCR 1007-3 As

required in Section 264 552(d), the CDD includes information to enable CDPBE to designate the

CAMU The basis or criteria for designation of a CAMU are specified in Section 264 552(c) of

6CCR10073 The corrective action order incorporating the designation of the CAMU will summa-

rize requirements for design and operation, groundwater momtonng, closure and post-closure, as well

as identify remediation wastes to be placed -in the landfill These requirements are specified in

264 552(e)

Section 2 0 of this CDD contains a discussion of the basis and )ustficaton for the proposed

designation of the RMA CAMU Section 3 0 addresses the operational, monitoring, closure, and post-

closure requirements that will be developed in detail following designation of the CAMU

Section 4 0 provides a cross-reference of regulatory requirements and/or guidance applicable to the

CAMU and the location within the CDD where these requirements and/or guidance are addressed

Section 5 0 presents a schedule of CAMU waste management activities Section 6 0 provides

conclusions to the CDD Section 7 0 provides a list of acronyms used in the CDD Section 8 0

provides the references used to produce the CDD The appendixes to the CDD contain additional

informaton, which is responsive to the design and/or operational requirements for a CAMU specified

in 264552(a)(3) and 264552(e) The following appendixes are included with the CDD

Appendix A. Part 2 Siting Criteria Compliance Demonstration

Appendix B Design Narrative

Appendix C Guidelines for the Development of an Operations Narrative

Appendix D Guidelines for Development of a Waste Analysis Plan

Appendix I Conceptual Test Fill Work Plan

1.4 Harding Lawson Associates 21907 7050111
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0 Appendix K Guidelines for the Development of a Groundwater Monitoring Plan

0 Appendix L Guidelines for the Development of a Closure and Post-Closure Plan

0 Appendix P Preliminary Specifications

0 Appendix R Final Landfill Site Feasibility Report

Included within Section 5 0 of this document is an outline for various engineering analysis work

plans, plan products, and design drawings, which will be developed as part of the CAMU detailed

design process Outlines of additional plans pertaining to construction and operation of the CAMU

are presented in the Appendixes listed below The design and operational related work plans and

products will be submitted to CDPHE for review and approval in accordance with the schedule

discussed in Section 5 0 of this document The CDPHE review process may include a public

coTnTn ent period (see Section 5 0)

0 Appendix E Security Plan Outline

0 Appendix F Personnel Traunng Plan Outline

0 Appendix G Inspection Plan Outline

0 Appendix H. Construction Quality Assurance Plan Outline

Appendix J Operating Record System Plan Outline

Appendix N Action Leakage Rate and Response Plan Outline

Appendix 0. Health and Safety Plan Outline

Appendix Q Contingency Plan Outline

21907 7050111 Harding Lawson Associates 1-5
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2.0 BASIS FOR DESIGNATION OF THE CAMU

The DAA presents a detailed evaluation of the alternatives for final remedy of the cleanup of RMA

The evaluations within the DAA resulted m the selection of a preferred sitewide remedy for the final

remediation of the contaminated sod media and structures at RMA The preferred remedy includes

the designation of a C.ANM by CDPHE The components of the preferred remedy for soil and

structures that will be conducted as part of the CAMU are as follows

Onpost land disposal

Basin F Waste Pile drying umt

Related waste stagmg and/or management areas

A description of the preferred sitewide soil remedy selected within the DAA is presented in

Table 2 1 The components of the preferred remedy that will be part of the CAMU waste manage-

ment activities are highlighted in bold in Table 2 1 In addition, drummed waste generated as a

result of RI/FS activities and currently stored in warehouses at RMA may be disposed in the landfill

Section 264 552 (c) of 6 CCR 1007-3 specifies certain decision criteila that are applicable to the

designation of a CAMU Each of these criteria are discussed below

2.1 Facilitation of the Remedy

Section 264 552(c)(1) of 6 CCR 1007-3 requires that the CAMU facilitate the implementation of a

reliable, effective, protective, and cost-effective remedy

The preferred sitewide remedy for soils, selected by the DAA, includes the creation of an onsite

landfill for containment of principal threat and human health exceedance contaminated soil The

principal threat and human health exceedance categorization of soil derives from the application of

CERCLA related guidance and are fully explained within the DAA The preferred remedy also

includes the drying of certain Basin F Waste Pile soil prior to disposal in the landfill For structures,

21907 70SOll I Harding Lawson Associates 2-1
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Basis for Designation of the CAMU

the preferred Alternative calls for debris from the dismantling of structures with significant

contamination history and agent history to be placed in the onsite landfill. As was agreed to

within the Dispute Resolution, the onsite landfill and Basin F Waste Pile drying unit are

remediation waste management activities that will be connected as part of the CAMU.

In selecting the preferred remedy, the DAA utilized nine evaluation criteria. These criteria are

derived from the provisions in the CERCLA Section 121 and are also set forth in the National

Contingency Plan (NCP) (codified at 40 Code of Federal Regulations [CFR] 300-430[e][9][111]).

The CERCLA criteria consist of two threshold criteria, five primary balancing criteria, and two

modifying criteria (EPA, 1990). One of the threshold criteria and three of the primary balancing

criteria are similar to the decision criteria that are applicable to the CAMU under CHWMA.

These analogous CERCLA criteria are identified in Table 2.2.

The conclusions within the DAA that support the DAA's determination that the remedy is

reliable, effective, protective, and cost-effective can be summarized as follows

" The remedy protects humans and blota by treating some principal threats and providing a
physical barrier to prevent exposure through capping and landfilling.

" Mobility of the contaminants is reduced by minimizing the amount of infiltration into
contaminated soil below the caps or in the landfill.

" Placement of soil excavated from the Basin F Wastepile and Former Basin F principal
threat soil in a triple-lined cell provides additional assurance of containment. This
additional containment balances the moderate short-terrn risk during excavation,
transportation, and landfilling with the effectiveriess of the long-ten-n containment.

" Treatment and/or placement of other contaminated soil such as agent contaminated soil,
buried M-pits, hex pits, debris with significant contamination and agent history in double
lined cells provides for assurance of containment.

" The consolidation of 1,200,000 BCY of contaminated soil in Basin A, Basin F, and the South
Plants Central Processing Area prior to capping these sites lowers the cost of obtaining
borrow materials and reduces the area disturbed for borrow.
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Basis for Designation of the CAMU

The overall effectiveness of the preferred remedy is high since the preferred remedy provides
low long-term risk, which compensates for a moderate short-term risk during excavation
The cost of this remedy is lower than other remedies that may have been as equally overall
effective

The following surnrn anze how the CAMU waste management activities facilitate the implementation

of the preferred remedy

Drying saturated Basin F Waste Pile soil achieves a performance standard of only landfilling
material, which passes the EPA paint filter test

The landfill interrupts exposure pathways and the landfill's containment systems Tninimize

the potential for migration of contaminants to groundwater

Incorporation of the landfill units into a CAMU provides the regulatory flexibihty to
construct an onpost landfill

The CAMU allows for the application of standards that are more appropriate to remediation
wastes than as-generated RCRA wastes

The CAMU expedites the implementation of the preferred remedy by expediting the approval
process for the landfill

In addition to the above, an analysis of the long-term containmentabihty of the contemplated landfill

design is presented in Section 2 1 1 of Appendix A to this document. That analysis also indicates

that the landfill can be designed in a manner that is protective of human health

2.2 Risks to Human Health and the Environment

Section 264 552(c)(2) requires that the waste management activities associated with the CAMU not

create unacceptable risks to humans or to the environment resulting from exposure to hazardous

wastes or hazardous constituents

The waste management activities associated with the CAMU will include landfilling and the long-

term containment of contaminated soil and debris The CAMU activities Will also include the

operation of the Basin F Waste Pile drying unit Waste staging/sizing/handlingactivities related to

the landfill and drying of the Basin F Waste Pile soil will also be included within the CAMU

21907 7050111 Harding Lawson Associates 2-3
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Basis for Designation of the CAMU _

In the context of the federal preambles and Colorado's Statement of Basis and Purpose for CAMUs,

an evaluation of short-term effectiveness should be performed within the context of other factors

such as the long-term effectiveness of the remedy The DAA evaluated the short-term risk associated

with the preferred remedy This evaluation included an assessment relative to the related CERCLA

criteria indicated in Table 2 2 The DAA characterized short-term risk associated with the landfill

and other CAMU waste management activities as being moderate The DAA further indicates that

one or more of the following measures will, to the extent necessary, be utilized to control the short-

term risks to an acceptable level

Temporary enclosures, if necessary, to control odors and emissions

Use of water or other vapor-and-dust suppressing agents to reduce particulatefrelated
emissions from the landfill

Use of interim and/or daily covers as material is placed in the landfill

Use of proper personal protection equipment

Use of emission control equipment for the Basin F Waste Pile drying unit

Given the above discussion and the assessments performed within the DAA, it can be concluded that

the CAMU waste management activities can be performed in a manner that does not create unaccept-

able risks to humans or the environment as a result of exposure to hazardous waste or hazardous

constituents The short-term risks that may be associated with the CAMU activities, when

considered with the long-term effectiveness, do not preclude the implementaton of a reliable,

effective, and protective remedy

1
2.3 Justification of Inclusion of Uncontaminated Area

The proposed areal configuration of the CAMU is located in an area of RMA, which is delineated

within the DAA as being contaminated This area was identified within the Final Landfill Site

Feasibility Study (FS) Soils Support Program (BLA, 1995) as the most protective landfill site within

the RML A primary consideration in the selection of the preferred site was the protection afforded

2-4 Harding Lawson Associates 21907 7050111
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Basis for Designation of the CAM

by that site's geologic and hydrologic conditions, as compared with other parts of RMA. A summary

of the basis of the selection for the site is presented below

The selection of the landfill location was based on landfill siting cni ena that were developed through

a review of previous landfill siting stidies, geologic, hydrologic, and geotechnical. data, pertinent

regulatory requirements, and consideration of issues relevant to siting a landfill at RMA The criteria

developed within the FS were used to screen potential landfill areas to identify an area that met

applicable regulatory requirements and provided the most protective location for siting of an onsite

landfill A summary of the screening criteria are presented in Table 2 4 RNIA features relevant to

the screening criteria (9 g , groundwater elevations, floodplam ) were integrated into maps using a

Geographical Information System (GIS) format The maps were used to identify areas that met the

screening criteria In additaon, secondary screening criteria were evaluated to further screen out

potential landfill locations Based on the screening evaluations, an area occupying the western half

of Section 25 and a portion of the eastern half of Section 26 was identified

After the screening analysis, a geologLcal/geotechmcal investigation was initiated in the western half

of Sectaon 25 to obtain additional information regarding the sintab.Lhty of the proposed area The

investigation results indicated that the area is conducive to the construction of the landfill

Thus, the area identified for the CAMU is the most appropriate location within RMA based on

considerations of siting criteria, subsurface conditions, and the protectiveness of human health and

the environment

2.4 Containment of Remedlation Waste Remaining After Closure

Section 264 553(a)(3) of 6 CCR 1007-3 requires that where remediation wastes placed into a CAMU

are hazardous, and, when such remediation. wastes will remain m place after closure of the CAMU,

the CAMU shall comply with the requirements for siting of hazardous waste disposal sites, which

canbe found in 6 CCR 1007-2, Part 2 Basin F Waste Pile soils are hazardous waste OtherRMA

21907 7050111 Harding Lawson Associates 2-5
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Basis for Designation of the CAMU

waste may also be hazardous. As applied to the proposed CAMU, Section 2.53 of Part 2

requires that the landfill be capable of isolating the wastes within the designated disposal area

and away from natural environmental pathways that could expose the public for at least 1,000

years.

An analysis is presented m Section 2.1 of Appendix A that demonstrates that the contemplated

Siting and design of the landfill combined with the geological conditions underlying the landfill

area will comply with the 1,000-year isolation requirements.

Appendix L of this document presents guidance for development of a detailed closure plan

following design. The detailed closure plan will be submitted to CDPHE for review and

approval in accordance with the schedule discussed m Section 5.0 of this document. The closure

plan will include closure and post-closure activities that will minimize or eliminate post-closure

escape of hazardous waste or hazardous waste decomposition products.

The portion of the proposed CAMU that incorporates the Basin F Waste Pile drying unit and

related waste staging/consolidation area(s) will be closed I'D a manner such that no wastes

associated with these CAMU activities will be left in place. Principal threat soil removal and

capping activities will also take place in the Former Basin F. These Former Basin F activities

will be conducted in accordance with a closure plan approved by CDPHE. This closure plan will

be reviewed and approved by CDPHE in accordance with regulations promulgated under

authority of the CHWMA. The closure plan for former Basin F is not part of the proposed

CAMU. Even though a portion of the Forri-ier Basin F wastes may be located within the areal

configuration of the CAMU, they are not part of the CAMU waste management activities. In

addition, the Former Basin F wastes do not meet the definition of remediation wastes as defined

in 260. 10 of 6 CCR 1007-3 (i.e., these wastes are handled under a closure plan to be approved by

CDPHE). Given the above discussion, the Former Basin F wastes are not a consideration

relative to the CAMU designation decision Criteria.
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Basis for Designation of the CAMU

Given the above discussions, it can The concluded that the proposed CAMU waste management

activities that result in remediation wastes remaining in place after closure (the landfill) will control,

minimize, or eliminate future releases to the extent necessary to protect human health and the

environment

2.5 Expedite Timing of Remedial Activity Implementation

In selecting the preferred alternative (which includes the CAMU waste management activities), the

DAA balanced the timing of implementation of the remedial activities with the need to implement a

reliable, effective, protective, and cost-effective remedy (Section 264 552[c] [1]) The preferred remedy

is also consistent with Section 264 552(c)(2) regarding not creating unacceptable risks to humans or

the environment

The CAMU expedites implementation of the preferred remedy by expediting the regulatory approval

process for the landfill component of that remedy The CAMU (including its timing) also facilitates

compliance with the requirements of Section 264 552(c)(1) and (c)(2)

2.6 Application of Treatment Technologies

Section 264 552(c)(6) specifies that, where appropriate, the CAMU shall enable the use of treatment

technologies to enhance the long-term effectiveness of remedial actions by reducing the toxicity,

mobility, or volume of remediation wastes that will remain in place after closure

The preferred remedy includes treatnent of some principal threat material The landfill portion of

the CAMU provides for final containment of the treated material The landfill also provides for

containment of approximately 1 5 m-dhon cubic yards of soil and debris that will be placed in the

landfill pursuant to the CERCLA Conceptual Remedy As discussed in Section 2 1 above, the CAMU

facilitates the implementation of the preferred remedy The preferred remedy utilizes treatment as

well as containment to provide for long-term effectiveness

21907 7050111 Harding Lawson Associates 2-7
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2.7 Minimization of Land Area Where Ripmediation Wastes Will Remain in
Place

The areal configuration of that portion of the CAMU where remediation wastes will remain in place

after closure (i e , the landfill) is shown in Figure 2 of this document The areal configuration of t1us

portion of the CAIVfU was selected and minimized taking into account the following considerations

Sufficient area must be provided to allow for flexibihty in the design of the individual
landfill cell(s) layout In developing the CAMU areal configuration, the total landfill volumes
(waste plus daily cover) contemplated within the DAA were considered, as well as the
necessity for flexibility in phasing of the overall remedy The phasing may require that the
waste would be contained in several individual landfill cells The area shown in Figure 2
was sized considering the scheduling and sequencing of waste excavation contemplated by
the Army at the time that this document was developed

A minimum of 20 feet will be provided between the bottom of the landfill cells and the
groundwater (This separation was based on the analysis of the 1,000-year isolation dis-
cussed in Section 2 11 of Appendix A)

A 100-foot separation between the edges of landfill cell covers Will be provided

Height of landfill cell(s) is not a Inniting factor

A contingency factor of 25 percent was included in the analysis to account for uncertainties
that may anse in design or scheduling/sequencing of the remedy

Given the above considerations, the area of that portion of the CAMU where remediation wastes will

remain in place after closure has been selected in a manner that optimizes compliance with the

requirements in Section 264 552(c)(1) for an effective remedy and in Section 264.552(c)(2) for

minnnizati on of exposure To the extent possible, given other siting criteria, the CAMU es

the land area where remediation wastes will remain in place after closure
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3.0 ATTAINMENT OF CAMU REQUIRE MENTS

The basis for designation of a CAMU is specified in Section 264 552(c) As discussed in Secton2 0

above, each of the decision criteria for designating the CAMU is achaeved. for the proposed RMA

CAMU The corrective action order Lacorporating the designation of the CAMU vnE summarize

requirements for the CAMU in accordance with Section 264 552(e) The Section 264 552(e)

requirements include the following

0 Areal configuration of the CAMU

0 Requirements for design, operation, and closure

0 Requirements for groundwater monitoring

0 Closure and post-closure requirements

In addition to the above, Section 264 552(a)(3) states that where the remediation. wastes placed into a

CAMU are hazardous, the CAMU shall comply with Subparts B, C, D, and E of Part 265 These

subparts specify general operating requirements Implementation of these operating requirements

results in the need for the followmg plans

Subpart B

- Waste Analysis Plan (265 13)

- Personal Training Plan (265 16)

- Inspection Plan (265 15)

- Construction Quality Assurance Plan (265 19)

- Security Plan (265 14)

Subpart C

Health and Safety Plan

Subpart D

- Contingency Plan
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Attainment of CAMU Requirements

Subpart E

Operating Record System Plan

As the above items are requirements for the CAMU, it is anticipated that they will be specified in

accordance with the same process that is used to respond to Section 264 552(e) The documents and

outlines presented in the attached appendixes are intended as a means of facilitating the specifica-

tion, by CDPHE, of requirements for the CAMU

The various components of the proposed GAMUs waste management activities have not yet been

designed Accordingly, it is premature to develop all of the specific details associated with imple-

mentation of the CAMU. For those CAMU requirements that are dependent upon completion of

design, it is envisioned that the documents contained within the appendixes will be used as a

framework or guidance for development of the design and final specific plans The specific plans

will be reviewed and approved by CDPBE as part of the design review process These plans will be

submitted in accordance with the schedule discussed in Section 5 0

A discussion of the requirements of Section 264 552(e) is presented below

3.1 Areal Configuration of the CAMU

The proposed CAMU boundaries are shown in Figure 2 of this document Two CAMU locations are

proposed One location, which incorporates 50 acres, includes the Basin F Waste Pile drying unit

and any related decontamination facilities and/or waste staging/consohdation area(s) that may occur

during closure of the waste pile This location is in the vicinity of the Basin F Waste Pile because it

is anticipated that the optimal location for the drying process will be near the point of excavation

The second CAMU boundary, which incorporates 245 acres, includes the landfill area and any

related decontsminati on facilites and/or waste staging/consohdation areas
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Attainment of CAMU Requirements

The areal extent of the CAMU boundary for the Basin F Waste Pile drying unit has been selected to

allow for flexibility in the hnal location of the CAMU activities to be conducted in this area None of

these CAMU activities result in remediation waste that is placed into the CAMU being left in place

after closure

The basis for the location and areal extent of that portion of the CAMU that incorporates the landfill

are discussed in Sections 2 3 and 2 7 above

3.2 Waste Management Requirements

The requirements for waste management under Section 264 552(e) (2) are anticipated to incorporate

the following

Design of the landfill, Basin F Waste Pile drying unit and associated decontamination
facilities and/or waste stagingfconsohdation area(s)

Operation of the CAMU waste management facilities

The requirements i elated to 265 Subpart B, C, D, and E, which win result in the development
of the plans listed in Section 3 0 that are associated with these subparts

Various sections of and appendixes to this document provide guidance for development of the

detailed plans that will govern the above waste management requirements Across reference of the

regulatory requirement and the location within the CDD document where the guidance can be found

is included in Section 4 0 The detailed plan will be developed as part of the CAMU design process

The plans will be submitted to CDPBE for review and approval in accordance with the schedule

d-iscussed in Section 5 0

3.2.1 Design Requirements

Appendix B presents a Design Narratve that provides requirements for design The design require-

ments are presented in terms of performance standards and/or design guidance The performance

standards represent design objectives as opposed to specifying a specific design detail The
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Attainment of CAMU Requirements

performance standards are driven by a regulatory requirement and/or guidance, such as the broad

requirements of 6 CCR 1007-2, Part 2, Section 2 4

The completion of the design and subsequent review and approval of the design by CDPBE will

represent fulfillment of the Section 264 552(e)(2) requirements for design of the CAMU

3.2.2 Operation Requirements

The final details of the operation requirements cannot be effectively developed until after completion

of the design Appendix C presents the framework for development of the final operation require-

ments relative to the CAMU waste management activities The specific operating details will be

developed and approved by CDPHE prior to commencing the CAMU waste management activities

3.2.3 Subparts B, C, D, and E Requirements

Appendix D presents a framework for development of a Waste Analysis Plan (WAP) TheWAPwill

address the waste characterizations necessary for operation of the landfill and Basin F Waste Pile

drymg unit In the absence of design, particularly for the Basin F Waste Pile drying unit, it is not

practical to specify the details of the WAP Those details will be developed during the design and

will be submitted to CDPBE for review and approval as part of the design review process

Outlines for the other plans that derive from the 265 Subparts B, C, D, and E requirements are also

presented in the appendixes to this document The locations of these plan outlines are cross-

referenced in Table 4 2 with the regulatory requirement and/or guidance, wlmch is related to a given

plan

3.3 Groundwater Monitoring

Appendix K presents the primary elements of the groundwater monitoring program that may be used

as guidance for the development of more detailed and specific Groundwater Monitoring Plans It is

anticipated that three Groundwater Monitoring Plans will be developed and implemented during the

course of the CAMUs waste management activities
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The Groundwater Monitoring Program in Appendix K presents the components of the Background

Monitoring System The Operational Period Groundwater Monitoring Plan will be developed and

submitted for CDPBE approval during the design review process nus timing allows for the

incorporation of the background data into the development of the operational plan ThePost-Closure

Period Groundwater Monitoring Plan will be developed and submitted for CDPBE approval just prior

to closure

3.4 Closure and Post-Closure Requirements

Append.ix L presents a framework for development of the Closure and Post-Closure Plan. Effective

development of the details for closure cannot occur until design The specific plan will be

developed and submitted for CDPBE approval during the design review process
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4.0 CROSS-REFERENCE OF REGULATORY REQUIREMENTS AND/OR GUIDANCE
VERSUS LOCATION OF REQUIRED INFORMATION

The regulations for designating a CAMU are given in 6 CCR 1007-3, Section 264 552. Sec-

ton 264 552(d) of this regulation requires the owner/operator of the CAMU to provide sufficient

information to enable CDPBE to designate the CANM in accordance with the critena specified in

Section 264 552 The purpose of this section is to cross-reference where the required regulatory

information is located within the MID

The subsections below include tables with columns listing the applicable regulation and/or guidance,

a brief description or title of the regulation, and the appendix or section of the CDD where the

regulation is addressed

4.1 Regulatory Requirements Under 6 CCR 1001.2, Part 2

The remediation waste placed in the landfill portion of the CAMU will be left in place after closure

and in some cases that waste will be hazardous Therefore, comphmce with the siting requirements

for hazardous waste landfills that are found in 6 CCR 1007-3, Part 2 will be applicable

Table 4 1 presents the location in the CDD text and appendixes where the applicable requirements

and/or guidance of Part 2 are addressed

4.2 Regulatory Requirements Under 6 CCR 1007.3, Part 265

The remediation waste placed in the landfill portion of the CAMU vvill in some cases be hazardous

Therefore, in addition to compliance with the requirements of Section 264 552 of 6 CCR 1007-3, this

CDD will address compliance with Part 265 Subparts B, C, D, and IE Part 264 Subpart N, Landfills,

also offers guidance related to the design and operation of the landfill portion of the CAMU

Table 4 2 presents the location in the GDD text and appendixes where these requirements and/or

guidance are addressed
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6.0 SCHEDULE OF CAMU ACTIVITIES

Table 5 1 presents an itemization of the various design studies, analyses, drawings, and reports that

will be developed as part of the CAMU detailed design process An itemi ation of the currently

contemplated specifications, construction and operational plans for the CAMU is also provided in

Table51 As indicated in Section 13 of this document, guidance md/or outlines for development of

many of the specifications and plans are presented in appendixes to the CDD Table 5 1 also

presents an estimated tune frame for submission of the plans and design work products to CDPBE for

review and approval A schedule of CAMU activities from CDD designation activities through

landfill operations is presented in Figure 3 The schedule is preliminary and subject to change due

to uncertainties associated with implementation of the remedy

In CAMU working sessions, it was agreed that one additional public comment period would be

provided during the CAMU design to provide an opportunity for public comment on the development

of the design and operational details of the CAMU The schedule and format for this public

comment period will be set by mutual agreement of CDPBE and the Army It is anticipated that the

publiccomment period will be at or after the 30 percent level of design so that the design and

operational details will have been substantially developed In the event of significant schedule

variations or significant modifications to work plans or designs that had previously been available for

a public comment period, the Army and CDPBE will evaluate the need to provide additional

opportunity for public comment
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6.0 CONCLUSIONS

The proposed CAMU at RMA meets all of the regulatory decision criteria specified in

Secton264552(c) for designationof a CAMU The specific details associated with the requirements

for the CAMU waste management activities will be developed and submitted to CDPHE for approval

during the design review process A framework for development of the specific details is presented

in the various appendixes to this document Appendix B to this document presents a design

narrative, which will be used for developing the design of the facilities associated with the CAMU's

waste management activities The design narrative provides the flembility necessary for the design to

meet the intent of the CERCLA Conceptual Remedy, while specifying design parameters that are

directly related to specific regulatory requirements for the CAMU under CHWMA

21907 7050111 Harding Liawson Associates 6-1
1215031396 DD



Conclusions

6-2 Harding Lawson Associates 21907 7050111
1215031396 DD



7.0 ACRONYMS

Army U S Department of the Army

BCY Bank cubic yards

CAMU Corrective Action Management Unit

CCR Code of Colorado Regulations

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CFR Code of Federal Regulations

CHWA Colorado Hazardous Waste Act

Conceptual Remedy Agreement for a Conceptual Remedy for the Cleanup of the Rocky
Mountain Arsenal

CRS Colorado Revised Statute

DAA Detailed Analysis of Alternatives

Dispute Resolution Onpost Operable Unit Detailed Analysis of Alternatives Dispute Resolution
Agreement

EPA US Environmental Protection Agency

FFA Federal Facilities Agreement

FS Feasibility study

FWS U S Fish and Wildlife Service

GIS Geographical Information System

HLA Harding Lawson Associates

NCP National Contingency Plan

RITS Remedial Investigation/Feasibility Study

RMA Rocky Mountain Arsenal

Shell Shell Oil Company

State State of Colorado

SY Square yards
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Acronyms

TCLP Toxicity Characteristic Leaching Procedure

TIvfv Toyacity, Mobility, Volume

TSDF Treatment, storage, and disposal facility

WAP Waste Analysis Plan
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Table 2.1: Description of Preferred Sitewide Soil Remedy*

Medium Groups/ Components of the Preferred Remedy with the
Subgroups CAMU Waste Management Activities in Bold

Munitions Testing Munitions Screening; off post detonation of UXO; Landfill debris and soil
above TCLP (89,000 BCY). (Alternative U4a; Section 5.2.4).

North Plants Landfill human health exceedance (220 BCY); agent screening during
excavation; caustic solution washing; cap/cover (soil cover) soil posing risk to
biota. and processing area footprint (160,000 SY). (Alternative A3; Section
6.2.3). ý

Toxic Storage Landfill human health exceedance (2,700 BCY); utilize New Toxic Yards
Storage Yard for borrow area; agent screening during site excavation and
preparation, caustic washing. (Alternative A3; Section 6.5.3).

Lake Sediments Landfill human health exceedances (19,000 BCY) and consolidate soil posing
risk to biota (19,000 BCY) (Upper Derby Lake); deferral to USFWS for aquatic
sediment, (Alternative B5a; Section 7.2.4). '

Surficial soil Landfill human health exceedances (87,000 BCY) consolidate soil posing risk
to biota in Basin A/Fori-ner Basin F/South Plants (450,000 BCY); Parties to
determine action in accordance with Conceptual Remedy for remainder of site.
(Alternative B5a; Section 8.2.4).

Ditches/Drainage Consolidate soil posing risk to biota in Basin A (52,000 BCY).
Areas (Alternative B5a; Section 9.2.4).

Basin A Cap/cover (concrete/soil cap) principal threat and human health exceedances
and soil posing risk to biota. (670,000 SY); consolidate soil posing risk to biota
(800,000 BCY); and structural debris (160,000 BCY) from other sites.
(Alternative 6; Section 10.2.5).

Basin F Waste Pile Landfill entire waste pile principal threat exceedance (600,000 BCY) in
triple lined cell (with vapor controls) after drying saturated materials.
(Alternative 3; Section 11.2.3). '

Former Basin F Landfill principal threat soil (165,000 BCY) in triple lined cell. (RMA ROD
Amendment 10/20/05); cap/cover (RCRA-Equivalent cover) entire site (446,000
SY).

Secondary Basins Landfill human health exceedances (32,000 BCY); cap/cover (soil cover) soil
posing risk to biota (500,000 SY). (Alternative 3b; Section 12.2.4).

Sanitary/Process Plug remaining nianholes, (Alternative 2; Section 13.2.2).
Water Sewers

Chemical Sewers Plug sewer lines in South Plants Central Processing Area and Complex
Trenches; landfill remaining principal threat and human health exceedances
(64,000 BCY). (Alternative 38; Section 13.5.7).
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Table 2.1 (continued)

Medium Groups/ Components of the Preferred Remedy with the
Subgroups CAMU Waste Management Activities in Bold

Complex Trenches Cap/cover (concrete/sol 1 RCRA-equivalent cap) principal threat and human
health exceedances and soil posing risk to biota (390,000 SY) and install a slurry
wall around disposal trenches. (Alternative 5, Section 14.2.2).

Shell Trenches Modify existing cap/cover to be RCRA equivalent (32,000 SY) and modify
existing slurry wall around trenches. (Alternative 5a, Section 14.5.3).

Hex Pit Treatment technologies (including innovative technologies) to be reviewed and
remedy to be determined prior to ROD (3,300 BCY).

Sanitary Landfill Landfill human health cxceedances (14,000 BCY); consolidate debris and soil
posing risk to biota in Basin A (410,000 13CY). (Alternative 3f, Section
15.2.4)!

Section 36 Lime Construct in-situ slurry wall around basins; cap/cover (RCRA-Equivalent cover)
Basins entire site (63,000 SY). (RMA ROD Amendment 10/20/05)

Buried M- I Pits Solidification of principal threat and human health exceedances (26,000 BCY)
and Landfill (with vapor controls). (Alternative 10, Section 16.5.4).

South Plants Landfill principal threat and human health exceedances
Central Processing (110,000 BCY); cap/cover (soil cover) entire site including soil Area

posing risk to biota (220,000 SY); consolidate soil posing risk to
biota from other sites (380,000 BCY). (Alternative 3b, Section 17.2.3).

South Plants Landflll principal threat and human health exceedances 33,000 BCY);
Ditches consolidate soil posing risk to biota into excavated areas or South Plants Central

Processing Area (23,000 BCY); cap/cover (soil cover) entire site (120,000 SY),
(Alternative 3g, Section 17.5.5). 1

South Plants Landfill principal threat and human health exceedances (135,000 BCY);
Balance of Areas consolidate soil posing risk to biota into excavated areas or South Plants Central

Processing Area (5 10,000 BCY); cap/cover (soil cover) entire site (1,700,000
SY). (Alternative 3g, Section 17.8.5). '

Buried Sediments Landfill human health exceedances (16,000 BCY). (Alternative 3, Section
18.2.3), 1

Sand Creek Lateral Landfill human health exceedances (55,000 BCY); consolidate soil posing
risk to biota into Basin A (90,000 BCY). (Alternative 3f, Section 18.5.3).'

Section 36 Balance Landfill human health exceedances and debris (142,000 BCY);
of Areas consolidate soil posing risk to biota into Basin A (200,000 BCY);

cap/cover (soil cover) entire site (710,000 SY). (Alternative 3g, Section
19.2.4)!
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Table 2.1 (continued)
a .2ý

Me(hum Groups/ Components of the Preferred[ Remedy with the
Subgroups CAMU Waste Management ActivAies m Bold

Burial Trenches Landfill human health exceedances and dobris (85,ooo BCY)
(Alternative 3, Section 19 5 2)

BCY Bank cubic yards
CAMU Corrective Action Management Unit
DAA Detailed Analysis of Alternatives
RCRA Resource Conservation and RecoveryAct
ROD Record of Decision
SY Square yards
TCLP Toxicity characteristic leaching procedure
USFWS U S Fish and Wildlife Service
UX0 Unexploded Ordnance

This table was denved from Table ES4 3-1 of the Executive Summary (Vol I) of the Final detailed
Analysis of Alternatives Report, Version 4 1, October 1995 As indicated on the DAA Preferred
Alternative Mass Balance Diagram (October 29, 1995), some of the volume estimates presented in
the above tables have been modified and other onsite materials, not included in the above table,
will be placed in the landfill These other materials include

" Agent Structures Demolition (120,000 BCY)

" Significant Contaminated Structures (42,000 BCY)

" Caustic Agent Treatment Facility (10,000 BCY)

" Contingent Soil Volume (150,000 BCY)

Alternative designations and section references refer to the DAA.
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Table 2.2: CERCLA Evaluation Criteria thatare Analogous to
Certain CAMU Decision Criteria

Threshold Critena

Overall Protection of Human Health and the Environment - This criterion addresses
whether or not a remedy provides adequate protection and describes how risks posed
through each exposure pathway (assuming reasonable maximum exposure) are ebminated,
reduced, or controlled through treatment, engineering controls, or institutional controls -
Relates to the CAMU decision criteria found at 6 CCR 1007 3 Part 264 552(c)(1)

Prunary Balancmg Cntena

" Long-term Effectiveness and Permanence - This criterion refers to the abihty of a remedy
to maintain rehable protection of human health and the environment over time once
remediation goals have been met. - Relates to CAMU decision criterion found at 6 CCR
1007-3 Part 264 552(c)(1)

" Short-term Effectiveness - This criterion addresses the pen od of tune needed to achieve
protection and any adverse impacts on human health or the environment that may be posed
during the constructon and implementation period until remediation goals are achieved -
Relates to the CAMU decision criteria found at 6 CCR 1007-3 Part 264 552(c)(1) and (c)(2)
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Table 2.3: Summary of Analysis of Sitewide Soil Remedy Relative to
Those CERCLA Criteria that are Similar to CAMU Designation Criteria

CERCLA Demsion Critena Preferred Remedy

Overall protection of Protective Exposures to humans and biota prevented by containing
human health and the contaminated soil in place and by treating some of the principal
environment threat volume

Long-term effectiveness and Minimal residual risk. Rehes on treatment of some highly
permanence contaminated soil, groundwater controls, and cappingfIandfMing to

prevent migration and exposure

Reduction in Toxicity, Toxicity, mobihty, or volume of some highly contaminated soil
Mobility, or Volume reduced through treatment, rehes on containment for most mobility

reduction.

Short-term effectiveness Moderate short-term risk Some high-risk sites excavated and
transported, potential for releases
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Table 2.4: Summary of Rocky Mountain Arsenal Landfill Siting Criteria

Landfill Siting Criteria Regulations Regulatory Criteria Adopted HLA, 1094
Siting Criteria Description Citation Primary Siting Criteria Adopted Secondary Siting Criteria

Faults > 1,000 feat from a Holocene fault 6 CCR 1007-3, 264 18(a) >1,000 feet from a Holocene fault
>2GO feet from a Holocene fault 6 CCR 1007 2, 3 13

Floodplain Outside 100-year floodplain 6 GCR 1007-3, 264 18(b) Outside 100 year floodplain
Not located in "floodplain"as 6 CCR 1007 2, 3 17
defined in regulation

Salt formations Not within salt formations 6 CCR 1007-3, 264 18(c) Not within salt formations

Surface water/groundwater No wasto placed below or Into 6 CCR 1007 3, 264 18(d) No waste placed below or into surface water or Maximize depth to groundwater
surface water or groundwater groundwater
No waste placed below or into 6 CGR 1007 2, 3 19
surface water or groundwater

Airport safety Notification if facility is within 6 COR 1007 2,3 11 Notification if facility Is within 5 miles of
5 miles of runway runway

Wetlands Not located in wetlands 0 GCR 1007 2, 3 12 Not within wetland

Seismic impact zone Not locatod in seismic Impact zone 6 CCR 1007 2, 3 14 Not located in seismic Impact zone without
without demonsiratior, demonstration

Unstable areas Not within unstable area 6 GGR 1007-2, 3 15 Not within unstable area

Topography Maximize protection from wind 6 CCR 1007-2, 3 16 Maximize protection from wind and
and precipitation catchment area precipitation catchment area

Isolation Isolate waste from public and 6 GCR 1007-2, 3 18 Isolate waste from public and environment
environment 6 CCR 1007 2 4 1

Hydrogeology Reasonable assurance that waste 6 CGR 1007-2, Part 2, 2 5 3 Feasonable assurance that waste isolated for Avoid saturated alluvium
Isolated for 1,000 years 1,000 years

Geology Reasonable assurance that waste 6 GCR 1007-2, Part 2, 2 5 3 Reasonable assurance that waste isolated for Minimize depth to bedrock
Isolated for 1,000 years 1,ODO years
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Table 2.4 (continued)

Landfill Siting Criteria Regulations -- Regulatory Criteria Adopted HLA, 19D4
SIUUg Criteria Description Citation Primary Siting Criteria Adopted Sec3ndary Siting Criteria

Location Within distance controlled by 6 CCR 1007-2, Part 2, 2 5 6 Within distance controlled by Army to prevent Centrally located within RMA
Army to prevent adverse offects to adverse effects to public health boundary
public lwalth

Buffer Zone Noise levels within limits CRS Sections 25-12-101 to 108 Noise levels within limits

CCR Code of Colorado Regulations
CRS Colorado Revised Statute
HLA Harding Lawson Associates
RMA Rocky Mountain Arsenal
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Table 4.1: Cross-Reference of Regulatory Requirements and/or Guidance - Part 2

Regulatory Where Addressed in CDD
Section Requirement and/or Guidance Appendrx Title Section

241 Designed in a manner that the design A Part 2 Siting Compliance Demonstration All
performance will assure long term
protection of human health and the B Design Narrative All
environment

242 Designed to prevent long-term adverse A Part 2 Siting Compliance Demonstration 31
effects on grounch,,ater

243 Designed to prevent long-term adverse A Part 2 Siting Compliance Demonstration 32
effects on surfiLco-water qualify B Design Narrative 70

244 Designed to prevent long-term adverse A Part 2 Siting Compliance Demonstration 33
effects on air quality B Design NaiTative All

245 Designed to prevent long-term adverse A Part 2 Siting Compliance Demonstration 34
off-acts on public health and the
environment due to nagration of waste B Design NaiTatrve All
constituents in the surface or subsurface
environment

246 Protection of the function and physical A Part 2 Siting Compliance Demonstration 35
integrity of any liner placed in a B Design NarTative All
baza dous disposal site G Inspection Plan All

H Construction Quality Assurance Plan All
p Specifications All
Q Contingency Plan All

247 Leachate and runoff control systems A Part 2 Siting Compliance Demonstration 36
designed with sufficient capacity such B Design Narrative 50,70
that the design performance complies
with Sections 2 4 1 through 2 4 5

248 Design includes a method of closure A Part 2 Siting Compliance Demonstration 37
that provides reasonable assurance of
long-term compliance with B Design Narrative 40
Sections 2 4 1, 2 4 2, 2 4 4, 2 4 5, L Closure and Post-Closure Plan All
and 2 4 7

249 Design includes systems for monitoring A Part 2 Siting Compliance Demonstration 38
groundwater and surface water and B Design Narrative All
providing quality control of matenals in C Operations Narrative All
construction G Inspection Plan All

H Construction Quality Assurance Plan All
I Test Fill Work Plan All
K Guidelines for the Development of a All

Groundwater Monitoring Plan
p Specifications All

2410 Design includes procedures to be A Part 2 Siting Compliance Demonstration 39
followed during construction, including H Construction Quality Assurance Plan Allcertification by a professional geologist
or engineer to demonstrate that the I Conceptual Test Fill Work Plan All
facility is constructed in accoidance P Specifications Allwith the design as approved
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Table 4.1 (continued)

Regidatory Where Addressed in CDD
Section Requirement and/or Guidance Appendix Tidle Section

25 1 Siting and design demonstrates that the A Part 2 Siting Compliance Demonstration All
minimum design performance criteria B Design Narrative All
contained in Section 2 4 will be
satisfied after site construction and C Operations Narrative All
implementation of the proposed
design

252 The proposed design, and design C Operations Narrative All
performance of a hazardous waste
disposal site

253 Reasonable assurance is provided that A Part 2 Siting Compliance Demonstration 21
hazardous wastes to be disposed will be
isolated within the designated disposal
area of the site and away from natural
environmental pathwavs that could
expose the public for 1,000 years

254 Design includes a liner whose A Part 2 Siting Compliance Demonstration 22
performance complies with B Design Narrative 30Sections 2 4 1, 2 4 2, 2 4 3, and 2 4 5

255 Design includes a leachate and runoff A Part 2 Siting Compliance Demonstration 23
control system that will provide B Design Narrative 3 0compliance with Section 2 4

256 The location for disposal and A Part 2 Siting Compliance Demonstration 24
preparation for disposal of hazardous
wastes will be within a distance
controlled by the owner/operator by an
acceptable means to prevent adverse
effects on the public health should
unexpected discharges of hazardous
waste occur

CAMU Corrective Action Management Unit
CDD CAMU Designation Document
CCR Code of Colorado Regulations
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Table 4.2: Cross-Reference of Regulatory Requirements and/or Guidance
Subparts B, C, D, E, N, and S

Regulatorv Where Addressed in CDD
Section Regulation and/or Guidance Appendix Title ýction

Subpart B - General Facilitv Standards
265 12 Required Notices Not Applicable

265 13 General Waste Analysis D Guidelines for the Development of a All
Waste Ajudvsis Plan

265 14 Security E Security Plan Outline All

265 15 General Inspection Requirements G Inspection Plan Outline All

265 16 Personnel Training F Personnel Training Plan Outline All

General Requirements for Ignitable Reactive C Guidelines for the Development of an 2 12
or Incompatible Waste Operations Narrative

265 17 0 Health and Safety Plan Outline All

265 18 Installation Standards A Part 2 Siting Compliance 40
Demonstration

265 19 Construction Quality Assurance Program H Construction Quality Assurance Plan All
Outline

Subpart C - Preparedness and Prevention
265 30 through 265 37 B Design Narrative All

C Guidelines for the Development of an 80
Operations Narrative

0 Health and Safety Plan Outline All

Q Contingency Plan Outline All

Subpart D Contij3g@ncv Plan and Emergencv Procedures All
265 50 throuah 265 56 Q Contingencv Plan Outline All

Subpart E Manifest Svstem Record Keeping and Reporting
265 70 through 265 73 Operating Record System Plan All

Outline

Subpart N Landfills
264 300 B Design Narrative All

C Guidelines for the Development of an All
Operatio as Narrative

Subpart S - Corrective Action
26-1 552 Corrective Action Management Units

264 552 (c)(1) Facilitation of the Remedy N/A CDD Text 2 1

264 552 (c)(2) Risks to Human Health and Environment N/A CDD Text 22
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Table 4.2 (continued)

Regulatory Where Addressed In CDD
Section Regulation and/or Gmdance Appendix Title Section

254552 (c)(3) justification for Inclusion of Uncontaminated N/A CDD Text 23
Areas

264 552 (c)(4) Containment of Reniediation Wastes NIA CDD Text 24
Remaining after Closure

264552 (c)(5) Timing of Remedia.1 Acton Implementation NIA CDD Text 25

264552 (c)(6) Application of Treatment Technologies N/A CDD Text 26

264 552 (c)(7) Minimization of Land Area NIA CDD Text 27

264552 (@)(1) Areal Configuration of CAMU NIA CDD Text 281

264M2 (e)(2) Waste Management Requirements NIA CDD Twd 282

264 552 (e)(3) Groundwater Monitoring N/A CDD Text 283

264552 (e)(4) Closure and Post-Closure Requirements NIA CDD Text 284

CA-Mb Corrective Action Management Unit
CCR Code of Colorado Regulations
CDD CAIML Designation Document
NIA Not apphcablo
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Table 5.1: PrellmInary Scope of Work and Schedule of Deslgn Actlvitles for the RMA CAMU

Time Frame for Preparation and Submission
Task/Doliverablo Sublask to CDPHE for Review and Approval'

10 Design Studies and Evaluations

Test Fill Program' Third quarter 1990 through first quarter 1997
Survey Landfill Area and Borrow Areas Second quinlar 1996 through first quarter 1997
Waste Sampling and AnalysWrosting, as necessary Second quarter 19% through third quarter 1997
Sampling and Evaluation of Onsite Materials, as necessary Second quarter 1996 through third quarter 1997
Sampling and Evaluation of Foundation Materials, as necessary Second quarter 1996 through third quarter 1907
Compatibility Evaluations and Testing Second quarter 1996 through fourth quarter 1997
Landfill Component Equivalency Evaluations (whore applicable) Second quarter 19M through third quarter 1997
Constructability and Cost Evaluations second quarter i9w through fourth quarter 1997
Value Engineering Analysis Second quitrter 1N6 through fourth quarter 1997

2 0 Landfill Design. Report Second quarter 1906 through fourth quarter 1997

Design Basis and Calculations
Cell Construction
Cell Configuration and Sizing (Landfill Cell Layout Plan) Second quarter 1906 through third quarter 1997
Cut and Fill Volume Estimates Second quarter 1996 through third quarter 1907
Subgrado Stability, Bearing Capacity, Settlement, Hydrostatic Pressure, and Seismic Evaluations second quarter 199o through third quarter 1997

Liner System
Liner Materials Compatibility Evaluations and Testing Second quarter 1996 through fourth quarter 1997
Slope Stability, Bearing Capacity, Settlement, Hydrostatic Pressure, and Seismic Evaluations Second quarter IWO through third quarter 1997
Material Equivalency Demonstration, If applicable Second quarter 1990 through third quarter 1997

Leachato Collection and Leak Detection Systems
Materials Compatibility Evaluations and Testing Second quarter IN6 through fourth quarter 1907
Flow Capacity and Head Buildup to Include HELP Modeling Second quarter 1906 through third quarter 1997
Pipe Selection and Sizing Second quarter 1996 through third quarier 1997
Sump Configuration and Sizing Second quarter 1906 through third quarter 1907
Pump Selection and Sizing Second quarter 1996 through third quarter 1997
Material Equivalency Demonstration, If applicable Second quarter 1990 through third quarter 1997

21907 7050111 -1 of 4
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Table 5.1 (continued)

Time Frame for Preparation and Submin"
Task/Deliverable Subtask to CDPM for Review and Approval"

Cover System
Slope Stability, Bearing Capacity, Settlement, Hydrostatic Pressure, and Seismic Evaluation$ Second quarter 1900 throagh third quarter 1997
Volume Estimates for Clay(if applicable), Drainage Layer, Biota Barrier, Vegetation Layer and Top Soil Second qmder low through third quarter l9g7
Infiltration Drainage System Flow Capacity to Include HELP Modeling Second quarter l9w thruagh third quarter 1997
Wind and Water Erosion Second quarter 1996 through third quarter 1907
Material Selection Evaluations Second quarter 199o through third quarter 1997
Selection of Vegetation second quarter lgoo through third quarter 1997

Gas Colleeflon/Venting System
Gas Production Rates Second quarter 1996 through third quarter 1997
Gas Collection System Capacity, Sizing, and Vent Spacing Second quarter low through third quarter 1997

Surface Water Drainage Systems
Drainage and Retention Structure Selection and Sizing Second quarter 1996 through third quarter 1997
Erosion Evaluation Second quarter 19M through third quarter 1997

Drawings Third quarter 1996 through fourth quarter 1907
Title Shoot
Index/List of Drawings
Legend, Symbols, Abbreviations, and General Notes
Site and Vicinity Maps
Existing Site Plans
Existing Exploration Plans
Limits of Construction and CAMU Boundary Plans
Disposal Coll Excavation and Grading Plans
Disposal Cell Liner Component Grading Plans
Loachate Collection and Leak Detection Piping and Grading Plans
Surface Water Collection and Removal Plans
Temporary Cover and Waste Grading Plans
Disposal Coll Final Grading Plans
Disposal Call Sections and Details
Sumps and Pipe Plans, Sections, and Details
Sump Electrical Diagrams for Pumps and Connections
Borrow Area Excavation, Grading, and Reckunation Plans and Sections
Call Development Sequence
Typical Call Filling Plan, Sections, and Details
Access Ramp Details
Haul. Traffic Control Plans
Construction Staging and Decontamination Plans, Sections, and Details
Ancillary Facility Plans, Sections, and Details
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Table 5.1 (continued)

Time Frame for Preparation and Submission
Task/Doliverable Sublask to CDPIH for Review and Approval'

Specifications (Appendix Pf Third quarter igm through fowth quarter 1907

Summary of Work
Construction Controls
Environmental Controls
Traffic Regulations and Controls
Emission Controls
Storm, Surface Water and Erosion Controls
Control Measure Procedures
Demolition
Borrow Area Operations
Survey Services
Farthwork
Low Permeability Layer (Compacted Clay Liner)
Drainage Aggregate and Biotic Barrier Layer
Top Soil
Geotextiles
GDomembranes
Goosynthetic Clay Liners
Goonets
Erosion Control Materials
Waste Handling and Placement
Storm Water Structures and Controls
Construction Material Stockpile, Staging, and Treatment Areas
Daily Cover
Loachate Collection and Removal System Piping and Sump
Seeding
Pavement and Base Course Materials
Concrete
Miscellaneous Metals
Monitoring Wells
Fences
Pumps and Equipment
Piping
Electrical Work
Ancillary Facilities
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Table 5.1 (continued)

Time Frame for Preparatbm and Submission
Taski'Deliverable Subtask to CDPHE for Review and Approval"

3 0 Construction and Operational Plains
Construction Cost Estimate and Schedule Second quarter 1906 through fourth quarter 1997
Construction Quality Assurance Plan (Appendix H)CA Second qtuuier 1996 through first quarter 19M
OpoTation Plan (Appendix C)cd First quarter 1997 through first quarter 1998
Air Monitoring Plan First quarter 1997 through third quarter 1997
Groundwater Monitoring Plan (Appendix K)" First quarter 1997 through third quarter 1007
Closure Plan (Appendix L)" First quarter 1997 through first quarter 1998
Post Closure Plan (Appendix L)-d cd First quarter 1997 through first quarter 1998
Action Leakage Rate/Response Action Plan (Appendix N) Second quarter 19M through first quarter 1"
Inspection Plan (Appendix G)CA d Second quarter 1996 through first quarter 1938
Personnel Training Plan (Appendix F) d Second quarter 1996 through first quarter 19M
OpGrating Record System Plan (Appendix J) Second quarter 1996 through first quarter 1998
Health and Safety Plan (Appendix O)c6d Second quarter 19M through first quarter 19M
Contingency Plan (Appendix Q)r"d Second quarter 19N through first quarter ION
Security Plan (Appendix E)rd Second quarter 1906 through first quarter 1998
Waste Analysis Plan (Appendix D)C'd Second quarter 1906 through first quarter 19M

a Time frames are preliminary and subject to change due to uncertainties associated with Implementation of the remedy Time frames are in the Federal fiscal year farmat, Le , October-
December = First Quarter, etc

b Test fill program will be performed as part of the CAMU designation process
c Appendix refiwonces refer to the location within the CDD whom either guidelines or outlines are presented
d Draft versions of these documents will be producGd as part of the 30 percent design Final versions of those documents will he produced during later stages of design or after design
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Facilities within Corrective Action Management Unit (CAMU) Areal Configuration Explanation

Basin F Waste Pile Drying Unit Arsenal Boundary
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Note: Locations of specific facilities Area of Contamination Boundary
within the CAMU are subject 23 CAMU Areal Configurationto change 1 4 19 20
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PROGRAM SCHEDULE

f I rn0
FY2000 FY2001 003 FY2004 FY20051 FY2

FY1996 FY11997 FY'11998 FY1999 FY2002 FY2 006 FY2007i FY2008

Start Finish C3 IT C\I,co 'T - -1 C3 Cl) -15 C, -a ý -0 0-15 8- 8- C-311a -a 33JEi'a- C-3 3315 S -0 8- Ei C-3 'a a a 016 0, 'a. a', 5 S a 5 C, (3 315 a C", a a 0
Proposed COD To Parties January 12 1996

CDPHE Review January 12, 1996 March 12 1996

3D-Day Pubhc Comment Period March 16 1996 Apr,I 19 996

30-Day Extension to Public Comme-d Period April 20,1996 May 20 1996

CDPHE Prapa. as Corrective Action 0 d& May 21 1 991s June 11 1996

CDPHE issues CDD Designating CAMU June 11 1996
4-4

Post Designation Submittals' Q2 FY 1996 Q1 FY1998

Design' Q2 FY 19% 04 FYI 997 71

Procurement' Q4 FY1997 Qi FY1998

Construction' Q1 FY1998 Qi FY19N

operation' Ql FY1999 Q4 FY2008 Mai

Closure Activities

Post-Closure ActmbeS3

I This schedule is preliminary and subject to change due to uncertainties associated vAth
CAMU Corrective Action Management Una Implementation of the remedy

CDD CAMU Designation Document 2 Closure of the CAMU includes the construction phase, certification phase, and post-closure care
phase Based on Foster Wheeler's current schedule for remediation, final closure of the CAM U

CDPHE Colorado Department Public Health is anticipated to occur at the end of fiscal year 2008 The schedule for remediation is preliminary

and Environment and subject to change due to uncertainties associated with the funding and implementation of the remedy

3 The Army mll perform post-closure care of the landfill for 30 years after Gerhficabon of final closure
PY Fiscal Year If appropriate, the Army may request that the post-closure care period be reduced CDPHEmayextend

the post-closure care period 9 it is found that the extended period is necessary to protect human health

0 Quarter and the environment

Prepared for Figure 3
Program Manager for
Rocky Mountain Arsenal Schedule of CAM U Activities
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Append[xA

1.0 INTRODUCTION

Tlns Part 2 Siting Criteria Comphancenemonstration. has been prepared as an appendix to the Corrective

Action Management Unit (CAMU) Designation Document (CDD) in support of the designation of a CAMU

as part of the remedy for the cleanup of the Rocky Mountain Arsenal (RMA), located in Adams County,

Colorado The CAMU will be designated by the Colorado Department of Public Health and Environment

(CDPHE) in accordance with Sectoi? 264 552(a) of 6 Code of Colorado Regulations (CCR) 1007-3 under

the authority granted to CDPHE by the Colorado Hazardous Waste Management Act (CHWMA) This

designation will be part of a corrective action order issued under the authority of 2545-308 C R.S The

CDD and it appendixes are being submitted to CDPHE in conformance with Section 264 552(d) of 6 CCR

1007-3

This appendix has been prepared by Harding Lawson Associates (BLA) as a contract deliverable under

Delivery Order 0007 (Task 93-03, Feasibility Study Soil Support Program) of Contract DAAA05-92-DO003

between HLA and the U S Department of the Army (Army) This appendix has been prepared at the

direction of the Army for the sole u,,e of the Army, the signatories of the Federal Facilities Agreement

(FFA) of RMA, the State of Colorado (State), Adams County, and Th-County Health Department, the only

intended beneficiaries of this work.

1.1 CAMU Descriptian

The Final Detailed Analysis of Alternatives Report Version 4 1 (DAA) (Foster Wheeler, 1995) proposes

the construction of one or more onsite landfill cells for the disposal of contaminated materials The DAA

is a document prepared in accordance with the Comprehensive Environmental Response, Compensation,

and Liability Act (CERCLA) The landfill cells will be located within a CAMU designated in accordance

with the provisions of Section 264552 of 6 Code of Colorado RegLdations (CCR) 1007-3 The areal

configuration. of the CAMU is shown in Figure 2 of the CDD The portion of the CAMU that includes the

landfill development area is 245 acres in size and is located in Sections 25 and 26 of RMA between

Former Basin F and North Plants Double-lined cells within the landfill will receive principal threat and
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Appendix A

human health exceedance materials, as defined in the DAA, from 17 contaminated areas of

RMA. In addition, a triple-lined cell will be constructed to receive remediation. waste from the

closure of the Basin F Waste Pile and from Former Basin F, Sand Creek Lateral soil and

other compatible remedy related wastes identified in the RMA Remediation Waste

Management Plan and the Compliance Order on Consent and amendments thereto.

1.2 Document Objectives and Organization

6 CCR 1007-3, Section 264.552(a)(3) states that where remediation. wastes placed into a CAMU

are hazardous waste, the CAMU shall comply with Subparts B, C, D, and E of Part 265 and

when such remediation wastes will remain in place after closure of the CAMU, the CAMU shall

comply with the requirements for siting of hazardous waste disposal sites found in 6 CCR 1007-

2, Part 2. This appendix to the CDD has been prepared to be responsive to those siting

requirements. The appendix also addresses 6 CCR 1007-3, Section 265.18. Section 265.18

specifies general facility standards relative to siting.

The requirements are referenced in this appendix as they are addressed. Section 2.0 addresses

those aspects of Part 2 that relate to siting and design, Section 3.0 addresses Part 2 Minimum

Design Performance Criteria, and Section 4.0 addresses the 6 CCR 1007-3, Section 265.18(a)

Installation Standards. Sections 5.0 and 6.0 are the acronyms used throughout the CDD and the

bibliography of references used in this document, respectively,

A-2 TtEC CAM U Designation Docurnent, Errata Sheet, 2/3/06



Appendix A

2.0 SITING AND DESIGN (6 CCR 1007-2, PART 2, SECTION 2.5)

An analysis of compliance with Section 2 5 3 of Part 2 requirements for sitmg and design is presented

first to establish that the design and siting of the landfill will provide a reasonable assurance that the

waste will be isolated in the disposal site and away from natural environmental pathways that could

expose the public for 1,000 years

2.1 Requirement for 1,000-Year Isolation from Natural Environmental

Pathways (Section 2.5.3 of Part 2)

Section 2 5 3 of the Part 2 siting regulations requires that reasonable assurance be provided that

hazardous wastes can be isolated within the designated disposal area of the site and away from natural

environniental pathways that could expose the public for 1,000 years The regulations require such

assurance be based on several considerations

The discussion of these considerations has been organi ed as follows

The evaluaton of waste isolation from usable aquifers is presented in Section 2 11 of this

appendix This evaluation addresses Sections 2 5 3 (b), (c), and (f) of Part 2 These regulations

require that this evaluation consider

A combmaton of planned engineered barriers and the geologic strata surrounding the site

The groundwater flow in the immediate area of the site and

The geochemical characteristics of the geologic strata at the site relative to the ability of

the geologic strata to inhibit migration of waste constituents

A discussion of the stability of the geomorphic conditions at the site is presented in Section 2 12

of this appendix This discussion addresses Section 2 5 3 (a) of Part 2

A discussion of waste isolation from surface water is presented in Section 2 13 of this appendix

This discussion addresses Section 2 5 3 (d) of Part 2

An evaluation of the drainage and erosion considerations at the site is presented in Section 2 14

of this appendix This discussion addressed Section 2 5 3 (e) of Part 2
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2.1.1 Evaluation of Waste Isolation from Useable Aquifers (Section 2.5.3 [b], [c],
and M of Part 2)

This section evaluates the isolation of the waste relative to usable aquifers by first presenting the

engineered barriers that will be included in the landfill design followed by a summary of the natural

geologic conditions and groundwater flow conditions underlying the landfill site Ananalysisofthe

ability of these siting and design characteristics to isolate the waste from usable aquifers for at least

1,000 years is then presented

2.1.1.1 Engineered Barriers

The design of the landfill will include the following engineered barriers- the landfill cover, multiple

liner systems, and leachate collection/leak detection systems The design parameters for these engineered

barriers, which are pertinent to the analysis of the 1,000-year isolation, have been specified in

Appendix B

2.1.1.2 Natural Geologic Conditions

The natural geologic strata underlying the landfill area consists of unconsolidated Quaternary alluvium

and the Denver Formation The alluvium encountered in the landfill area generally consists of the

following two types of material (1) clay and sandy clay and (2) sand, silty sand and clayey sand with

occasional gavel

In general, the depth to weathered bedrock (Denver Formation) follows the surface topography in the

landfill area and ranges from approximately 5 feet to 60 feet The areas where depth to bedrock is

shallowest correspond with areas of high surface topographic elevation The Denver Formation generally

consists of three strata (1) claystone with interbedded siltstone, hgmte, and sandstone, (2) sandstone,

and (3) lignite/lignitic: claystone The alluvium is generally underlain by claystone, however, there are

areas in the vicinity of the landfill siting area where Denver Formation channel sand units (sandstone)

are in contact with the alluvium A cross section grid was constructed across the landfill area and is

illustrated in Figure Al Geologic cross sections are presented in Figures A2 through A14
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Attachment Al presents the boring logs used to supplement existing information to construct the

geologic cross sections

The unsaturated zone beneath the landfill, through both adsorption and absorption, will nutigate further

movement of waste constituents that may migrate from the landfill 7umits To take advantage of the

containment capabilities of the unsaturated zone, a minimum separation between the bottom of the

landfill and the top of the underlying groundwater system has been specified in the landfill design

parameters presented within Appendix B

2.1.1.3 Underlying Groundwater System

The upper two groundwater flow systems that underlie the proposed landfill location are the unconfined

and the confined flow systems The unconfined flow system is the primary flow system of concern

because it is the shallowest groundwater system encountered beneath the site The unconfined flow

system bccurs at depths ranging from 20 to 70 feet below ground surface (bgs) The groundwater flow

direction in the unconfined flow system is generally to the northwest A groundwater surface contour

map of the area is presented in Figure A15 The low permeabihties (approximately 0 075 ft/day) and

moderate gradients of the unconfined flow system (approximately 0 03 ft/ft) indicate that the unconfined

flow system has minimal groundwater flow (on the order of 4 feet per year assummg an effective porosity

of 0 20)

2.1.1.4 Analysis of 1,OMYear Isolation

The analysis of the effectiveness of the landfill's engineered barriers and the underlying geologic

conditions to isolate waste from useable aquifers for at least 1,000 years is discussed below The analysis

includes the following steps

Identification of a scenario for the potential release of waste constituents to the underlying
groundwater system

A discussion of a conceptual model for evaluating the impact of a potential release For purposes
of the 1,000-year demonstration, the model addresses the following

- Leachate generation
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Presence of the waste constituents of concern

Transport analysis of waste constituents through the liner system

Transport analysis of waste constituents through the unsaturated zone

Summary and conclusions of the results of the analysis

Potential Release Mechanisms

For the 1,000-year isolation analysis, it has been assumed that the primary long-term release mech sm

to groundwater is the potential for vertical transport of contaminated leachate through several engineered

and natural geologic barriers The engineered barriers include multiple liner systems The natural

geologic barriers include the underlying unsaturated (vadose) zone followed by the potential for

migration through the saturation zone flow system to a point of public exposure

Conceptual Model for Assessing Potential Impact of a Release

In order to assess the 1,000-year isolation, a conceptual model of potential contaminant migration was

developed A description of the conceptual model and its assumptions are surnmanzed. below

I Before contaminant migration can occur, leachate must be generated and accumulate on the
uppermost liner

2 The first bamer to contaminant migration is the uppermost composite liner system Nfigration.
begins %hen leachate collects on top of the uppermost liner system resulting in a hydraulic head
on the liner During the active life and post-closure period, accumulated leachate (waste
drainage) is removed until the waste moisture content is reduced to field capacity, thereby
eliminating further drainage from the waste As discussed below, post-closure generation of
leachate due to infiltration. isminum ed by the cover system Therefore, long-term hydraulic
head is hauted to isolated areas where leachate may be "trapped" in portions of the leachate
collection.1detection system due to clogging of the system

3 If a hvdrauhc head of leachate occurs, contaminants in the leachate could potentially migrate
through the uppermost composite Imer Jn this case, the migration would occur via molecular
diffusion in the water phase and through specific defects (i e, pinholes) via advective movement
of water Diffusion is movement at the molecular level Advective flow is the bulk movement of
water If such movement occurs, contaminant will be sub)ect to sorption onto clay materials
thereby reducing the contaminant concentrations as leachate migrates through the layer In the
case of triple-lined. cells, the same process must repeat itself for the tertiary liner system

4 Only in the unlikely event that the above two steps have occurred does leachate begin to collect
and impose a hydraulic head on top of the lowermost Imer system

5 For purposes of this conceptual model, contaminants in the leachate are assumed to migrate
through the lowermost composite liner via molecular diffusion in the water phase and via
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advective movement of water through specific defects The lowermost composite Imer in both
the double- and triple-lined cells will consist of a flexible membrane Imer (RAL) underlain by a
minimum 3-foot compactedclay layer (CCL) If such movement occurs, contaminants will also
be subject to sorption onto the CCL component of the lowermost Imer, thereby further reducing
the contaminant concentrations

6 The unsaturated zone beneath the landfill cells acts as an additional barrier to the nugation of
contaminant to groundwater For purposes of this conceptual model, contaminants are assumed
to enter the unsaturated zone and migrate via both molecular diffusion in the air phase and
advective movement in the water phase Contaminants are subject to sorption onto soil material
within the unsaturated zone Contaminants in the air phase are also subject to absorption or
repartitioning back into the water and soil phases Contaminants are also subject to chenucal
and biological degradation in the soil environment

7 The underlying unconfined flow system (the saturated zone) represents the first potential natural
environmental pathway that could expose the public For exposure to the public to occur, a
contaminan must first migrate via this pathway to a potential receptor. However, potential
exposure to a contaminant beyond a point where access to the unconfined system is controlled
cannot occur until the contaminant has migrated beyond that point of control At a minimum,
access to the unconfined system will not occur within the limits of the CAMU landfill boundary
Conservatively, the time for contammants to move through this pathway to the first conceivable
point of exposure to the public is not included in the 1,000-year isolation analysis If contaml-
nants enter the saturated zone, migration via advective water movement and both mechanical
and molecular diffusion within the unconfined zone will occur Contaminant Will be subject to
dilution and degradation within the saturated zone and are subject to sorption onto saturated
zone materials

This conceptual model is illustrated in Figure A16 Each component of this conceptual model has a time

frame for contammant migration associa-ced with it If estimates of these time frames add up to more

than 1,000 years, then it can be reasonably concluded that a combination of the landfills engineered

components and the natural geologic conditions will isolate the waste from the public in a manner that is

protective of human health for 1,000 years In assessing these time frames, the liner systems are

assumed to cumulatively include a minimum of 6 feet of compacted clay The analysis presented herem

focuses only on the barriers to migration provided by the 6 feet of clay and the underlying unsaturated

zone If it can be demonstrated thal the time required for migration of contaminant through these two

barriers is more than 1,000 years, then any additional components of the engineered barriers and the

natural hydrogeologic conditions (migration through the saturated zone) serve to provide additional

conservatism in the demonstrated 1 000-year isolation
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Creation of Hydraulic Head

In order for a potential release to occur, leachate production has to be of sufficient quantity to Impose a

hydraulic head on top of the uppermost liner system During the active life, leachate production occurs

due to drainage of precipitation through the waste proffle It is assumed that this leachate will be

removed through routine pumping of the leachate collection system (LCS)

After closure, continued leachate production can potentially occur as a result of these mechanisms

(1) consolidation of the waste profile, (2) drainage of precipitation that entered the waste during the

active life, and (3) infiltration through the cover

Waste consolidation could potentially generate leachate during the post closure period The waste

processing, placement, and compaction procedures that will be employed in the landfill operation will

preclude significant post closure consolidation of the waste and consolidation is expected to be

substantially completed by the end of the post closure period Any leachate generated during the post

closure period will be removed by routine pumping of the LCS

After closure, portions of the waste profile may be saturated from precipitation that occurred during the

active life This leachate will continue to dram from the waste until the moisture content of the waste is

reduced to field capacity At field capacity, the "suction" in the pore spaces will prevent further

drainage It is assumed that drainage will reduce the waste moisture content to field capacity during the

post closure period The leachate created by this dramage will be removed from the LCS during the post

closure period Therefore, long-term (after post closure) production of leachate from continued waste

drainage is not expected to occur

The cover system will be designed to control long-term infiltration using a variety of components that

add redundancy to the system The design parameters that are important to the cover's performance

relative to providing 1,000-years of isolation are presented in Appendix B Infiltration of precipitation
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will be controlled by grading that facihtates runoff and a water balance system that promotes evapotran-

spiration (Drawing C8 of Appendix 13) During normal precipitation events, water will runoff via surface

flow and httle infiltration will occur The scant infiltration that does occur generally reenters the

atmosphere via evapotranspiration f3 oni the uppermost vegetation layer In general, it is only during

extended precipitation, or extreme precipitation events that significant infiltration below the vegetation

layer is expected to occur An extreme event may include multiple components, such as rainfall during

or shortly after snowmelt has satural ed the surface soil

The layer beneath the vegetation layer will consist of a fine-grained soil designed to provide water

storage capacity that is sufficient to contain the infiltration that could occur during extreme or extended

precipitation events The water storage layer is underlain by an aggregate layer (blota/dramage layer) that

provides a capiEary break These two layers together provide physical conditions that are favorable to

storage of infiltration near the surfac e where it can be subsequently removed via evapotranspiration

The capillary break occurs because water in the fine-grained soil will be held by capillary (suction) forces

in the small pore spaces of the soil Water held at suction within the fine-grained soil (at a lower

hydraulic pressure) cannot flow into the larger pore spaces of the underlying coarse-grained layer (at a

lugher hydraulic pressure) because Ihere is a net upward vertical hydraulic gradient between the two

layers In order for water to overcome the upward vertical gradient and flow downward through the

capil.lary break and onto the underlying composite barrier, infiltration must be sufficient to completely

saturate the water storage layer However, when this occurs, the drainage layer immediately above the

composite hydraulic barrier will drain away any water before it can accumulate on top of the composite

hydraulic barrier, thus adding redundancy to the system The biota layer will be designed to stop

burrowing animals from potentially impacting the composite hydrauhc barrier (see Appendix B),

therefore, the primary potenhal faillure scenario for the cover system is failure of the water storage and

drainage layers allowing buildup of hydrauhc head on top of the composite hydraulic barrier
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EPA!s Hydrologic Evaluation of Landfill Performance (HELP) modeling methodology (EPA, 1994) was

used to evaluate potential infiltration rates through the composite hydraulic barrier of the cover system,

assuming a failure of the drainage layer The HELP model incorporates equations developed by Giroud

and Bonaparte (1989) and Giroud and others (1992) that estimate both diffusive and advective flow of

water through composite systems Diffusive flow is the movement of the water at the molecular level

Advective flow (the bulk movement of the water) is assumed to occur primarily through holes in the

FNIL, which occur both from manufacturing errors (FUI pinholes in the HELP model) and from defects

in construction

The composite hydraulic barrier will consist of a FWM underlain by either a CCL or a geosynthetic clay

layer (GCL) The equation used in the HELP methodology assumes that diffusive flow through the intact

FNIL portion of the composite system can be estimated using a form of Darcy's Equation wluch

incorporates an "equivalent hydraulic conductivity" (EPA, 1994) The "equivalent hydraulic conductivity"

represents the potential for both liquid and vapor diffusion through the MAL The amount of advective

flow through holes in the FNIL is a function of the contact between the FINE and the underlying low

permeability portion of the composite (either CCL or GCL) system The equations utilized in the HELP

methodology allow for the calculation of the advective flow through the composite hydraulic barrier, as

discussed in Attachment A2

A spreadsheet model (described in Attachment A2) incorporating the HELP methodology was developed

to calculate estimates of diffusive and advective flow through the composite barrier planned for the

cover For tlns analysis, the composite barrier is assumed to employ an FNM underlain by a GCL The

estimates of flow were calculated assuming a hydraulic head of 15 feet As discussed above, hydraulic

head buildup on the FNIL will occur only if both of the overlying water storage and drainage layers fail

Failure in the drainage layer would most likely occur due to localized blockage of the drainage material

and buildup of water behind the blockage When the water level exceeded the height of the blockage,

drainage would resume Therefore, the height of the water buildup and subsequent hydraulic head on
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the FNIL would be limited to the th3ckness of the drainage layer For purposes of this analysis, a

maximum thickness of 15 feet was used

It was assumed that the EWE in the cover was installed correctly (good construction), and thus included

one pinhole per acre and three construction defects per acre (EPA, 1994) It was also assi-i-med that

excellent contact existed between the FNIL and clay component Excellent contact is the applicable

assumption for a GCL per HELP model guidance (EPA, 1994) Table Al presents the results of this

analysis, which indicates that even at 15 feet of head buildup (due to long-term clogging of the biota/

drainage layer), only 0 001 mches/year of flow would be expected through the composite barrier

These results indicate that even if the water balance and drainage components of the cover system fail

early in the 1,000-year period, little if any water will infiltrate through the composite hydraulic barrier in

the cover Even if the 0 001 inchlyear rate was applied for the entire 1,000-year period, a total of only

10 inch of water would have infiltrated through the cover The analysis of the cover's ability to prevent

significant post-closure infiltration 1hrough. the underlying waste profile is believed to be conservative

because the mech-an, ins that mitigate post-closure infiltration into the waste profile work sequentially as

follows

As demonstrated in Appendix B of the CDD, the lack of subsidence, waste consolidation, and
excessive erosion will allow for a positive grade throughout the 1,000-year analysis period The
positive grade will promote surface-water runoff and minan, e nifiltration

The water storage layer is natural material that allows for ihe retention and subsequent evapo-
transportation of excessive imfiltration The performance of the water storage layer would be
most impacted by erosion that reduces the thickness of the layer Results of erosion loss
calculations performed using the Revised Universal Soil Loss Equation (RUSLE) indicate that a
design may be completed where approximately 30 inches of the upper soil layer will remain in
place after 1,000 years

The drainage layer provides for removal, by gravity, of water that infiltrates through the water
storage area during extreme precipitation events This removal of infiltration will mitigate the
build-up of hydraulic head on the underlying composite hydraulic barrier

The composite hydraulic barnel significantly reduces the potential for hydraulic flow or
infiltration into the underlying waste profile The life expectancy of the FIVE component has
been estimated to be in excess of 800 years (Koerner, 1990)
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The results of this analysis indicate that the cover will be protective for the 1,000-year period and

that no significant leachate production will occur as a result of infiltration through the cover. On

the basis of the above discussion, it can be reasonably assumed that there will be no long-term

generation of leachate, and the only source of hydraulic head on the liner will be "remnants" of

leachate that may remain in the leachate collection system. Identification of potential

contaminants of concern in the leachate and analysis of the potential transport of these chemicals

through the lowermost liner system and the unsaturated zone are discussed below.

Identification of Waste Constituents of Concern. Potential transport of chemical constituents

is dependent on the type and amount of contaminants that may be in the landfill leachate. The

waste placed in the triple-lined cell will consist of principal threat and human health

exceedance soils from the Basin F Waste Pile and Former Basin F, human health exceedance

soils from Sand Creek Lateral, and other compatible remedy related wastes identified in

the RMA Remediation Waste Management Plan and the Compliance Order on Consent

and amendments thereto. The waste placed in the double-liner cells will come from 17 other

RMA locations. Basin F Waste Pile leachate data are likely to be reasonable representations of

landfill leaebate quality in the triple-lined cells. The existing Basin F Waste Pile leachate data is

believed to be conservative because concentrations of volatile organic chemicals (VOCs) and

semi-volatile organic chemicals (SVOCs) present in the Basin F Waste Pile should be reduced

during excavation and drying of the material. Therefore, current Basin F Waste Pile leachate

characterizations are used in the model.

Analytical data from analysis of the Basin F Waste Pile leachate (See Attachment A2) were

reviewed versus constituents of concern in groundwater identified in the Detailed Analysis of

Alternatives (DAA) (Table 2.2-3 for the North Boundary System, which is near the proposed

landfill [Foster Wheeler, 1995]). Contaminants present at elevated levels in the leachate, which

were identified as constituents of concern in the DAA, include aldrin, atrazine, arsenic,

chloroform, chlorophenylmethyl sulfoxide (CPMSO), chlorophenylmethyl sulfone (CPMSOP),

dibromochloropropane (DBCP), dieldrin, and diisopropylmethyl phosphonate (DIMP). The

chemicals in the leachate that are basically nonvolatile (arsenic, atrazine) or highly soTptive

(aldrin, dieldrin) Were screened from the analysis because they are generally not mobile in the

unsaturated zone. The remaining constituents (CPMSO, CPMSOZ, chloroform, DBCP, and

DIMP)
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were present in leachate at elevated concentrations relative to their preliminary remediation goals (PRGs)

established within the DAA and are potentially mobile in the unsaturated zone Of these constituents,

CPMS02 was deleted from the evaluation because (1) it was present in lower concentrations than the

CPMSO and (2) it is sunila to CPMSO with respect to mobility in the unsaturated zone (similar Kds and

Henry's constants [Attachment A2]) Therefore, the constituents present in Basin F leachate, which are

of potential concern and are included in the transport analysis, are CPMSO, chloroform, DBCP, and

DIMP

Contaminated soil from a variety of other RMA locations has been designated for disposal in double-lined.

landfill cells A review of soil information provided in the DAA indicates that elevated detections of

potentially mobile constituents (VOCs and SVOCs) occurred primanly in soil to be placed in the lanrlfill

from in the South Plants Central Processing Area (chloroform, DBCP) and Chenucal Sewer System

(DBCP) (Foster Wheeler, 1995)

A review of soil data from the Rocky Mountain Arsenal Enviro=ental Database (RMAED) was performed

for the South Plants Central Processing-Area These data indicate that for the upper 5 feet of soil (the

soil to be excavated), less than 1 peiment of samples had detection& of chloroform and less than 3 percent

of samples had detections of DBCP These detections are primarily from 1985, with a few detections of

DBCP from 1987, with no detections of either compound after 1987 Therefore, it is unlikely that

elevated concentrations of chloroform or DBCP will. be present in leachate from the South Plants soils

As indicated previously, the Basin F Waste Pile leachate data is believed to be a reasonably conservative

estimate of future landfill leachate characteristics The Basin F Waste Pile leachate data is also believed

to be a reasonable characterization (particularly for volatile constituents) of future leachate from the

South Plants soils for the following reasons

I Samples from the upper 5 feet of soil in the South Plants Central Processing Area had only a
small percentage of detections of VOCs
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2 The South Plant soils will undergo excavation, transport and placement that will reduce the
concentration in the soils of volatile constituents, such as chloroform The Basin F Waste Pile
soils underwent sunfla handling

3 The concentrations within the leachate will be reduced with time during the active life and post-

closure period of the landfill The leachate generated during this period will be removed The

leachate remaining after the post-closure period would be expected to exhibit lower concentra.-

tons A similar process has occurred in the Basin F Waste Pile

AnalysiLs of Transport Through the Ianer System As discussed above, the potential for long-term

generation of leachate and corresponding hydraulic head on the liner system will be mitigated by

collection of leachate that drams from the waste during the active life and post-closure period of the

landfill In addition, the cover system will be designed to effectively eliminate significant additional

leachate production that would occur as a result of infiltration through the cover Therefore, the

reasonable assumption for a source of hydraulic head on the liner system would be 7remnants" of

leachate remaining in the waste and/or the leachate collection system after the post-closure period This

leachate has the potential to pool in certain areas, possibly as a result of clogging of the leachate

collection system or due to differential settlement As discussed above for the cover system, hydraulic

head on the liner would generally be limited to the tluckness of the drainage layer because of the

blockage of the layer (greater head buildup would flow over the blockage and disperse in the leachate

collection system) For purposes of this analysis it is assumed that the hydraulic head will be less than

1 foot Except for the sump areas, 1 foot is consistent with the maximum thickness of the leachate

collection system contemplated by the design parameters presented in Appendix B The sumps may

have a depth greater than I foot, however, they represent only a small percentage of the base area, and

can be dewatered to less than I foot of leachate

There are two primary mechanisms for potential contammmt migration through the liner systems,

diffusive transport and advective transport In the liner system, diffusion is caused by random

movement of molecules within either the air or water phase in response to concentration gradients

(i e, molecules tend to move from areas of high concentration to areas of low concentration) Dispersion

due to advective mixing is not considered because of the low rates of advectve water movement
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Advective transport of contammantc. occurs due to the physical or bulk movement of water through the

liner As previously described, potential advective movement of water (and thus advective chemical

migraton) through the composite liner occurs primarily through pinholes or defects in the FhM, while

diffusion of water (and thus chemicals) is assumed to occur across the entire FNE

Contaminants in the landfidl can e)ast in the air phase, liquid phase (i e, in solution), or contaminants

may be sorbed. onto solid particles The amount of chemical mass in any of these phases is a function of

the physical properties of the chemical (Henry's constant, solubility, etc) and the properties of the waste

or the liner material (organic carbon content, moisture content, etc) It is assumed that the liner material

will be generally saturated after landfill construction (EPA, 1994), therefore, migration of contaminants

through the liner systems occurs generally in the water phase ýdigration through the Imer system will

be subject to potential sorption onto clay lmer materials

It is assumed that vertical nugration through the liner systems is the primary pathway for contaminants

to reach groundwater Potential hoiuontal migration (through the sideslopes) would result in longer

pathways and require longer time frames Contaminant migrate through the liner system via molecular

diffusion in the liquid phase (in solution) and advective water movement

Analysis of Advective Transport. The maximum rate of advective water movement through the Imer

was evaluated using the HELP model methodology as described in Attachment A2 To achieve a

maximum estimate of the advective flow rate, the analysis was performed for only the lowermost liner

system, assuming only 3 feet of CCI. It has been assumed that the liner will be installed with good

construction practices, resulting in one pinhole and three defects per acre (EPA, 1994) Contact between

the compacted clay and the FhE has conservatively been assumed to be "poor" in HELP model terminol-

ogy, which is defined as a geomembrane installed with a certain number of wrinkles on a poorly

compacted, low permeability surface that does not appear smooth (EPA, 1994) Actual construction

practice is expected to result in "good" contact Good contact is defined as a geomembrane installed with
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as few wrinkles as possible and low permeability soil with a smooth surface (EPA, 1994) Table A2

presents the results of this analysis, indicating that I foot of hydraulic head on the lower most liner

system would potentially result in a total of 0 007 mches/year of advective water flow through the lower

most composite liner, assuming poor contact

At this low rate, virtually no mass of contammant would move advectively through themini-murn 3-foot

compacted clay component of the lower liner within a 1,000-year period (it would take 5,143 years for

water to move through 36 inches of clay at 0 007 mches/year) Therefore, diffusion of a contaminant in

the liquid phase is assumed to be the dominant transport process within the liner systems Analysis of

diffusive transport is discussed below

Analysis of Diffusive Transport. Diffusive migration can be described by solutions to the advectivel

dispersive equation A solution was developed by Ogata. and Banks (1961) and was applied using the

approach described in Attachment 2 This Ogata and Banks analysis was used to estimate a ratio of the

concentration (in water) of the constituent at the base of the lowermost liner and (CJ to Co, the initial

concentration of that chemical in the leachate above the liner Because the aqueous diffusive properties

of the chemicals of concern are similar, a single analysis was performed using a representative diffusion

coefficient (5 x 10-6 cm2/sec) The analysis ignored any contribution that the FWE components of the

liner system may have on retarding diffusive transport and only considered the compacted clay

component of the liner system For purposes of the model, the cumulative thickness of the CCL

component of the liner system was assumed to be six feet Results of this analysis are presented in

Figure A17 The analysis also assumes that the presence of leachate will provide a continuous source of

contamination for the entire 1,000-year period at a constant concentration This assumption is

conservative because organic chemicals are subject to biodegradation For example, published half-life

for both chloroform and DBCP are in the range of 6 months to 1 year under aerobic conditions (Geraghty

and Nfiller, 1986) Although conditions within the landfill are likely to be anaerobic over the long term,

biodegradation of these constituents will still occur (Kobayashi, H, and Rittman, BE, 1982)
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As shown in Figure A17, the concentration at the bottom of the liner system versus the initial concentra-

tion in the leachate (CI/Co) slowly increases over the 1,000-year period This analysis provided input

concentrations for simulating potential contaminant migration through the unsaturated zone

Potential Contaminant Nbgration Thorough the Unsaturated Zone. The mechanisms controlling

migration of contaminants through t1te unsaturated zone beneath the landfill include advective

movement of water and thus contaminant mass, diffusion of contaminant mass primarily in the vapor

phase, and adsorption of contaminart mass onto soil particles and reabsorption back into the liquid

phase The Ogata-Banks solution was used in Ole evaluation of molecular diffusion through the liner

because chemical migration was assumed to occur in a single phase (water) Because migration in the

unsaturated zone is subject to mechanisms that affect more than one phase (vapor phase diffusion, water

phase advectve movement, solid phase sorption), a inultphase chenucal transport model is more

appropriate for the un atu ated zone evaluation Accordingly, EPA's VLEACH model (EPA, 1995) was

chosen to evaluate potential contaminant migration in the unsaturated zone because it was designed to

simulate these mechani m VLEACII is a one-dimensional finite difference solution designed to simulate

the migration of volatile contaminant through the unsaturated zone The model simulates four processes,

hquid-phase advection, vapor phase diffusion, solid phase sorption, and three phase equilibrium

The VLEACH model has been thoroughly reviewed by EPA, and has been verified in a wide variety of

applications For example, VLEACB was used to evaluate the potential for VOCs in the unsaturated zone

to unpact groundwater quality at the Phoenix-Goodyear Airport Superfund site in Arizona Inthe

Arizona study, results of VLEACH calculations were compared to other methods including analytical

solutions for iinsaturated zone transport and a finite-d-ifference simulation of a field study conducted by

the United States Geological Survey (`USGS) for a site near Lubbock, Texas (Rosenbloom, et at, 1993)

Results were also compared to in situ soil gas samples These comparisons indicate that VLEACH

simulations of hqiud-phase advection and equilibrium adsorption, and diffusive transport of VOCs within

the unsaturated zone produced results consistent with both in situ soil gas samples and other modeling
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methodologies The VLEACH model has also been verified again t an analytical solution developed by

Shan and Stephens (1995) While these applications are not exactly analogous to this study, they do

show that the model is an appropriate tool for estimating vadose zone contaminant transport

The VLEACH model is based on the following assumptions (EPA, 1995)

Contaminant partitioning between phases follows linear relationships

0 The three phases present are in equilibrium in each model cell

0 The moisture content profile within the unsaturated zone is constant and in steady state with
respect to water

0 The contaminant is not subject to in situ production or degradation

0 The unsaturated soil is homogeneous and behaves as a uniform porous media

Prior to performing VLEACH modeling, the potential for migration of contaminant mass due to advective

movement of water was evaluated Conceptually, after the landfill has been constructed, the unsaturated

zone underneath the landfill footprint will be isolated from the surface environment and will not be

subject to infiltration events An analysis based on Clapp and Homberger (1978), was used to estimate

the long-term moisture content (see Attachment A2)

The rate of ad% ective %% ater movement through the unsaturated zone after the landfill has been

constructed uas used to identify a range of leakage rates from the liner that could result in advective

water movement through 20 feet of vadose zone material in 1,000 years Assumptions used in this

approach include

Total Porosity (O.J = 0 40, from HELP model value cited for a silty clay loam (EPA, 1994)

Vertical Saturated Hydraulic Conductivity (k,) estimates range from 0 0022 ft/day to 0 70 ft/day,
based on a preliminary assessment of slug testing in the saturated portions of the unconfined
Denver groundwater flow system (see Attachment A3) The lower limit (0 0022 ft/day) is the
geometric mean value for slug testing in clay materials assuming a 10 1 horizontal to vertical
am otropy, while the upper limit is the geometric mean value from slug tests in sand materials,
also assuming a 10 1 horizontal to vertical ani otropy The geometric mean value from all the
tests was 0 022 ft/day, assuming a 10 1 ani otropy (The final assessment of the slug tests

A-18 Harding Lawson Associates 21907 7050111
0212031396 RAF



APPendIxA

actually resulted in a lower geometric mean of 0 03 ft/day The modeling conservatively used the
higher preliminary value)

Clapp and Homberger (1978) soil constant (b) ranges from 5 to 10 5, with a mean of 7 75 for a
silty clay loam

This analysis (See Attachment A2 foi: calculation methodology) indicates that if potential leakage from

the lowermost lmer is less than apprwamately 0 04 inches per year, advective water movement will take

longer than 1,000 years to migrate through 20 feet of unsaturated zone matenals; As previously stated,

the predicted long-term potential advective flow rate through the lowermost liner is 0 007 inches per

year, conservatively assuming poor haer contact Therefore, the potential for chemical transport due to

advective water movement is expected to be minimal and would nof be a component of potential

migration to the groundwater within 1,000 years

The above results indicate that diffmaon in the vapor phase and adsorption onto soil particles will be the

dominant transport processes in the unsaturated zone beneath the landfill Chemical parameters

required to describe these processes include Henry's Constant, which describes a chemical's volatility,

the soil-water distribution coefficient (Kd), which describes the soils sorptive capacity for the chemical,

and the free-air diffusion coefficient, which describes a chemicals ability to diffuse in the air phase Soil

parameters that impact these processes include total porosity, moisture content, and organic carbon

content

Table A3 presents the chemical parameters and Table A4 presents a summary of physical parameters

used in the VLEACH simulations The VLEACH evaluation consisf ed of simulating potential contami-

nant transport through 20 feet of uiv,aturated zone for the four chemicals of concern for 1,000 years The

model was discretized into 1,000 segments of 0 02 feet each, with a constant input of water at

0 007 inches per year at the top the unsaturated zone The 0 007 mches per year is the predicted

potential rate of leakage from the lowermost liner This leakage from the lower liner and into the

un atu ated zone was assumed to have a constant average concentration, as discussed below The initial

concentration of the chemical constituents modeled was assumed to be zero throughout the soil profile
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Chemical mass in the vapor phase was restricted from exiting the model via the upper boundary

(1 e , vapor transport was constrained to be vertically downward)

Concentration inputs for the VLEACH simulations were based on the CI/Co ratios predicted for the

constituents at the base of the lowermost liner An average input CI/Co ratio was calculated for 10-year

increments for the constituents (Figure A17) VLEACH simulations were thus performed in 10-year

increments, with the final concentration proffie from one ran providing the initial conditions for the

subsequent run This technique included the predicted steady increase in concentration (CI/Co curves)

at the top of the un a ated zone (the base of the lowermost liner) The 10-year increments were based

on a sensitvity analysis of several different tune increments The VLEACH simulations predicted a ratio

of chemical constituent concentrations, Cv/Co, where Cv is the potential constituent concentration (in

water) at the bottom of the unsaturated zone and Co is the chemical concentration in the leachate above

the lowermost liner

Results of the model simulations are presented in Table A4 Using the PRG value for the chemical and

the Cv/Co ratio, a prediction of a threshold concentration was estimated for each constituent The

threshold concentration for each constituent represents a concentration in the leachate that would be

necessary to result in the occurrence of predicted concentrations at the top of the saturated zone above

the PRG for that constituent in 1,000 years or less

Table A4 also presents the range of concentrations of the chemicals of concern that may be present in

the future landfill leachate, as evidenced by concentrations measured in Basin F Waste Pile leachate As

discussed above, the Basin F Waste Pile leachate data are believed to be the most representative of

leachate from all waste sources Also included in the table is the threshold concentrations (discussed

above) for each chemical from the VLEACH modeling As shown on the table, the range of potential

leachate concentrations for all chemicals are lower than the predicted threshold concentrations Given

the degree of conservatsm used in the analysis, the comparison of the expected I-andfill leachate
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concentrations with the threshold concentrations predicted by the model are believed to be conservative

and provide a reasonable assurance that the concentrations at the top of the saturated zone Will not

exceed the PRGs for the constituents modeled

Summary of Modeling Results The, analytical results of the modeling is summarized below

" Maxunum predicted long-teim infiltration through the cover 0 001 in/yr

" Maximum predicted long-teim rate of advective water movement 0 007 in/yr
through the lowermost liner system with only 3 feet clay

" Rate of advective water movement through the lowermost liner that 0 04 in/yr
would be required to migrate through the unsaturated zone in
1,000 years

" Threshold concentration of consutuents of concern in leachate that
must be exceeded to result in potential concentrations, in water, at
the top of the saturated zone that would exceed the PRG for that
constituent within 1,000 years

- Chloroform 108,000 11&11

- DIMP 1,797,000 jjg/1

- DBCP 1,500 pg/l

- CPSMO 591,000 /ig/I

The reasonable assumptions for future landfill leachate
concentrations based on Basin F Waste Pile data are as follows

- Chloroform 21 to 610 AqA

- DRvIP 740 to 1,300 jiga

- DBCP 2 to 3 jigil

- CPSMO 10,0100 to 19,000 jign

Conclusions of the 1,000-Year Isolation Analysis The analyses presented above provides reasonable

assurance that the landfill can be designed to isolate the waste from public exposure in a manner that is

protective of human health for at least 1,000 years after the post-closure period This conclusion is based

on the following
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The landfill cover will be designed to restrict infiltration and remain in place for the 1,000-year
period, thus no significant leachate production will occur as a result of post-closure infiltration
through the cover

A composite liner system with an FNM and Moot clay layer with I foot of hydraulic head is
estimated to transmit water at a rate of 0 007 inches/year (Table A2) It is estimated that a rate of
0 04 inches/year or higher is required for water to move through 20 feet of underlying unsatu-
rated geologic strata in 1,000 years This analysis of advective water movement is based on a
conservative assumption that all the geologic strata underlying the landfill area have permeabill-
ties associated with silty sand Much of the strata are clay and claystone units that have
permeabilities in the order of four orders of magnitude lower than that used in the analysis This
analysis also conservatively assumes poor contact between the Flýffi and clay The anticipated
landfill design will result in good contact

Concentrations of chemical constituents will be reduced if they migate through the clay layer
component of the liner systems This analysis also makes the conservative assumption that the
leachate concentrations for the waste constituents above the liner will remain constant through-
out the 1,000 years Natural biodegradation of these chemicals win result in a reduction in the
leachate concentrations over time The analysis does not take this reduction in concentrations
into account

The analyses of contammant transport only addresses a cumulative 6 feet of the compacted clay
component of the liner system and does not include time frame estimates for migration through
any other component of the liner systems, thus adding additional assurance to the analysis

The analysis of potential contaminant transport within the unsaturated zone indicates that, after
1,000 years, the expected concentration (within the leachate) for each of the most mobile
chemicals of concern is significantly below the concentration that would be necessary to result in
a concentration at the water table in excess of the chemical's PRG The PRG has been defined
within the DAA as a concentration that is protective of human health The analysis is conserva-
tive in that it only addresses potential vertical transport immediately beneath the landfill where
there is not even a potential for exposure of the public Further reduction of the chemical
concentrations would occur during transport via the groundwater pathway to a point where
potential exposure could actually occur

The above analysis indicates that the time for impact via the "natural exposure pathway"
represented by groundwater which would potentially expose the public is greater than
1,000 years This assessment did not consider the time for migration through all of the compo-
nents of the contemplated landfill design and site characteristics that serve to isolate the waste
within the CAMU disposal area. If these additional components were considered, then isolation
of the waste would be reasonably assured for a period that is substantially in excess of the
1,000-year requnement

2.1.2 Evaluation of Geornorphic Conditions (Section 2.5.3 (a) of Part 2)

The proposed location for the landfill is in the western half of Section 25 and a small portion of

Section 26 Figure A18 presents a topographic elevation contour map of the area The ground surface

topography in the vicinity ranges in elevation from 5,225 feet above mean sea level (MSL) to 5,280 feet

above MSL The area topography consists of gently rolling hills and treeless plain Overall, the area
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slopes toward the northwest Geomorphic conditions are not expected to change to the extent that the

landfill design would be impacted over the 1,000-year analysis period The onsite soil conditions in

regard to geologic and geomorphic conditions are discussed in more detail in Appendix R

2.1.3 Protection of Surf-ace Water (Section 2.5.3(d) of Part 2)

As shown in the 100-year floodplain map of RMA (Figure A19), thei e are no major drainage channels

across the landfill area First Creek is a well-defined channel crossing RMA to the east of the landfill

area The landfill will be designed to contain and control runoff that may come in contact with

contaminated materials (Appendix BJ Therefore, there is reasonable assurance that the waste disposal

locations will not unpact nor be impacted by surface water Section 2 5 3(d) addresses the protection of

surface water relative to the demonstration of 1,000 years of isolation. Protection of surface water during

operations is addressed in Appendixes B and C of the CDD

2.1.4 Evaluation of Dratnage and Erosion (Section 2.5.3 (e) of Part 2)

The terrain in the landfill area can accommodate drainage ditches and other drainage facilities to allow

for conveyance of precipitation away from the disposal area The cover components and configuration

(Appendix B) will minuni e water and wind erosion by maintaining good vegetative cover, an acceptable

slope, and armoring the top of the cover with a soil/gravel admixture Based on the cover design

parameters presented in Appendix B, the potential for wind and water erosion was estimated Wind

erosion was calculated using the wind erosion equation from the U S Soil Conservation Semce

(Natonal Agronomy Manual, 1988) The calculated soil loss attributable to wind erosion is 0 003 inches

per year, or approximately 3 inches of soil loss to wind erosion over 1,000 years (wind erosion calcula-

tion is presented in Attachment A2) Water erosion was calculated using the Revised Universal U S Soil

Conservation Society Soil Loss Equation (RUSLE), Version 104 (1995) to evaluate the total depth of soil

loss over a 1,000-year period of the cover system (water erosion calculations are presented in

Attachment A2) The RUSLE analyses indicates that a cover can be designed to restrict the maxinium.

soil loss to approximately 15 5 inches over 1,000 years based on landfill layout design parameters

presented in Appendix B thus, reasonably demonstrating that the terrain of the site will accommodate a
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cover that can be installed with a vegetatve/water balance layer that will remain functional for

1,000 years

2.2 Liner Design (Section 2.5.4 of Part 2)

The landfill design (Appendix B) will include multiple liner systems Section 2 5 4 of Part 2 requires

that, if necessary, the design of a hazardous waste disposal site shall include a liner, the performance of

which will comply with Sections 2 4 1, 2 4 2, 2 4 3, and 2 4 5 of Part 2 These sections of Part 2 specify

long-term performance standards for preventing adverse impacts on human health and the environment

Part 2 defines long-term as that period of time after completion of postclosure act:Lvities

Section 2 11 of this appendix demonstrates that a combination of the landfill's engineered liner systems

and the underlying natural geologic conditions will provide for long-term protection. Appendix B to the

CDD specifies design performance standards that will provide for Imer systems that are equivalent or

better than the liner system that was the basis of the demonstration presented in Section 2 11

Therefore, the liner systems contemplated by the Appendix B design standard will comply with 6 CCR

1007-2 Part 2, Sections 2 4 1, 2 4 2, 2 4 3, and 2 4 5

2.3 Leachate and Runoff Control System (Section 2.5.5 of Part 2)

The landfill design parameters presented in Appendix B will provide for leachate and runoff control

systems that will provide compliance with the Tniminum design performance criteria specified in

6 CCR 1007-2 Part 2, Section 2 4 The runoff control system will be designed considering the climate of

the area including precipitation events The volume and characteristics of the leachate and runoff wffi

also be consideredin the management of any leachate or nrooff that is collected at the facility

Leachate collected from the landfill leachate collection and leak detection systems will be managed in

accordance in accordance with applicable regulations at either an onsite treatment facility or transported

to an appropriately pernutted. offsite facility
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2.4 Prevention of Adverse Impacts from Unexpected Discharges (Section 2.5.6
of Part 2)

The location of the landfill will be at least I mile from the RMA fenced boundary This -1-mile distance

from potential public exposure combined with the 24-hour-day RMA security force and fire department

provide an acceptable means to prevent adverse effects on the public health should unexpected

discharges of hazardous waste occur A Contingency Plan (See outline in Appendix Q) specific to the

landfill will be developed and submitted to CDPBE for review and approval After approval, the

contingency plan will be appended to the RMA Contingency Plan to provide the specific procedures to

be unplemented in the event of an unexpected release The submission to CDPBE of the contingency

plan will be in accordance with the schedule discussed in Section 5 of the CDD

2.5 Section 2.5.2 of Part 2, Operational Considerations

Subparts B, C, D, and E of Part 265 of 6 CCR 1007-3 and 264 552(e)(2) of 6 CCR 1007-3 address

operational requirements for a CAWJ Compliance with these regulations is discussed within Appen-

dix C of the CDD The design and design performance issues addressed by Section 2 5 2 of Part 2 are

also addressed within Subparts B, C, D, and E, of 265 and 264 552(e)(2) and therefore, the Section 2 5 2

operational considerations are addre,,sed within the following appendixes of the CDD

Appendix C Guidelines for the Development of an Operations Narrative

Appendix E Security Plan Outline

Appendix H Construction Quality Assurance Plan Outline

Appendix Q Contingency Plan Outline
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3.0 MINIMUM DESIGN PERFORMANCE CRITERIA (6 CCR 1007-2, PART 2, SECTION 2.4)

Compliance with the regulatory requirements for minimum design performance anteria. for onsite

hazardous waste landfills (Section 2 4 of Part 2) is reviewed in this section Section 2 4 1 of Part 2

indicates that the purpose or ob]ective of the Section 2 4 design performance standards is to ensure that

landfills will be located and designed in a manner that will assure long-term protection of human health

and the environment Long-term is defined within Part 2 as being that period of time after completion of

postclosure activities

3.1 Protection of Groundwater (Section 2.4.2 of Part 2)

The analysis concluding that a land-fill design can be implemented whereby waste placed in the proposed

landfill will be isolated from groundwater pathways that could potentially expose the public for

1,000 years (Section 2 1 of this Appendix) also demonstrates that the contemplated landfill design and

site characteristics will prevent adverse effects on groundwater quality The design parameters presented

in Appendix B incorporates the considerations listed in Section 2 4 2 of Part 2 to satisfy the requirement

of Section 2 4 2 that the long-term design performance of the liner systems will be such that adverse

effects on groundwater quality will be prevented

3.2 Protection of Surface Water (Section 2.4.3 of Part 2)

The analysis concluding that a design can be implemented whereby waste placed in the proposed landfill

will be isolated from the public and the environment for 1,000 years (Section 2 1 of this Appendix) also

demonstrates that long-term prevention of adverse effects on surface water quality can be achieved The

design parameters presented in Appendix B consider the requirements listed in Section 2 4 3 of Part 2 to

satisfy the provision that the long-term performance of the landfill facility will prevent adverse effects on

surface water quality

3.3 Protection of Ali- Quality (Section 2.4.4 of Part 2)

This regulation requires that the CAMU landfill units be designed to prevent post-closure adverse effects

on air quality Considerations of air quality during operations are addressed within Appendix C of the
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CDD It has been demonstrated that a landfill cover can be designed that will remain in place for a

minimum of 1,000 years and, therefore, potential air exposure pathways will be significantly limited

In addition, evaluation of existing air quality data, including the Basin F Waste He vent system (Ebasco,

October, 1994) indicates that the waste pile has not adversely impacted air quality The Basin F waste

pile vent system is a passive system that operates in a similar fashion to the passive vent system that is

being considered as part of the design of the CAMU landfill Therefore, based on the vent system

similanty, waste similanty, and performance of the Basin F pile vent system, it can be concluded that

remediation waste left in place after closure of the CAMU will not adversely effect air quality

3.4 Protection of Public Health and the Environment (Section 2A.5 of Part 2)

Section 2 4 5 of Part 2 requires that the disposal site be designed to prevent long-term adverse effects on

public health and the environment due to migration of waste constituents in the surface and subsurface

environment Long-term is defined within Part 2 as that period of time after the completion of post-

closure As more fully discussed within Section 2 1 of this appendix, the most likely pathway for

potential long-term exposure is potential migration through the underlying groundwater The discussions

within Section 2 1 fully address this potential pathway and demonstrate that the disposal site can be

designed in a manner that isolates the waste from the public and the environment for 1,000 years

Therefore, the demonstration of 1,000-year isolation also demonstrates that the performance standard of

Secton 2 4 5 of Part 2 can also be met

3.5 Protection of the Function and Physical Integrity of Liners (Section 2.4.6 of
Part 2)

The landfill design parameters presented in Appendix B address the protection of the function and

physical integrity of the landfill liner system

3.6 Leachate and Runoff Control System Capacity (Section 2.4.7 of Part 2)

The design parameters presented in Appendix B provide for landfill leachate and runoff control systems

that have sufficient capacity to remove generated leachate to the extent necessary to TniniTnize the
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buildup of head on the landfill liner systems It has been reasonably demonstrated (See Section 2 1 of

this appendix) that a design can be implemented such that leachate generation during the post-closure

period will be Tninimal and any lear-hate remaining in the system will be isolated from potential

environmental pathways that could expose the public for at least 1,000 years

3.7 Protection During Closure and Post-Closum (Section 2.4.8 of Part 2)

The design parameters (Appendix B), demonstration of 1,000-year isolation (Section 2 11 Appendix A),

and the final Closure Plan (which wdl be submitted for CDPHE review and approval) will provide

reasonable assurance of long-term compliance with the requiremenis of Section 2 4 8 of Part 2

Guidelines for development of the fiaal closure plan are presented in Appendix L to the CDD The final

plan will be submitted to CDPHE foi review and approval in accordance with the schedule discussed in

Section 5 of the CDD

3.8 Surface and GrOUndwater Monitoring (Section 2.4.9 of Part 2)

The design of the landfill will include a system for monitoring grol-mdwater that will be developed in

accordance with the guidelines for the Groundwater Monitoring Program presented in Appendix K of the

CDD The landfill will be designed to prevent runoff water from contacting the waste, therefore the

design performance of preventing adverse effects to surface water will be accomplished Monitoring for

performance of the surface-water co atrol system will be provided for in the CAMU Inspection Plan

(outlined in Appendix G) The Groundwater Monitoring Program and CAMU Inspection Plan will be

submitted to CDPHE for review and approval in accordance with tJ:Le schedule discussed in Section 5 0 of

the CDD

3.9 Construction Quality Assurance/Quality Control (Section 2.4.10 of Part 2)

Quality control of materials in consixuction of the landfill will be in accordance with the Construction

Quality Assurance Plan (CQAP) (outline presented in Appendix H) Construction of the landfill will

follow the CQA procedures presented in the CQAP The CQAP win include applicable requirements for

supemsion during construction and certificaton by a professional geologist or professional engLneer to

demonstrate that the facility is constructed in accordance with the design as approved The CQAP will
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be subnutted to MPHE for review and approval in accordance with the schedule discussed in Section 5

of the CDD
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4.0 INSTALLATION STANDARDS (6 CCR 1007.3 SECTION 265.18)

This section reviews compliance of the CAMU with the general facility installation standards of

6 CCR 1007-3 Section 265 18 The installation standards address general siting requirements for facilities

that treat, store, or dispose of hazardous waste These requirements are applicable to the CAMU in

accordance with 6 CCR 1007-3 Seabon 264 552(a)(3)

4.1 Seismic Considerations (Section 265.18 [a])

Section 265 18 (a) states that hazardous waste facilities may not be located within 1,000 feet of a fault

that has had displacement in Holocene tune (i e the last 10,000 years) The geology of the proposed site

has been reviewed in the Landfill Feasibility Study (FS) and no evidence of faulting during the Holocene

Epoch has been established at RMA (BLA, 1995d)

4.2 Floodplains (Section 265.18 [b])

This regulation states that new landfills must be located outside the 100-year floodplam, which is

defined as any area subject to a I percent or greater chance of flooding in any given year from any

source The U S Army Corps of Engmeers (COE) produced a 100-year floodplain map of the RMA area

(COE, 1983) which is shown in Figure A.22 The proposed CAMU landfill development area is outside

this 100-year floodplain-

4.3 Salt Dome Formations (Section 265.18 [c])

The placement of any noncontainerized or bulk liquid hazardous waste in any salt dome formation, salt

bed formation, underground mine, or cave is prohibited according to this regulation No Icaown salt

formations, underground mines, or caves exist. at RMA In addition, liquids will not be placed into the

CAMU disposal area

4.4 Surface Water and Groundwater (Section 265.18 [d])

This regulation states that hazardous waste disposal facilities shall not place wastes directly under or

into surface water or groundwater t[iat has a potential or existing beneficial use or that is in direct

communication with an aquifer The landfill design parameters piesentedinAppendix B require that the
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landfill be designed such that the base of the landfill cells will be a Tnln,Tnum of 20 feet above

groundwater
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6.0 ACRONYMS

ARDL Applied Research and Development Laboratories

Army U S Department of the Army

BDL Below detection limit

bgs Below ground surface

CAMIJ Corrective Acton Management Unit

CCR Code of Colorado Regulations

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CERCLA Comprehensive Environmental Response, Compensation, and Lability Act

CFR Code of Federal Regulations

CCL Compacted clay layer

CI/Co Ratio of the concentnition of constituent in water at the base of the lowermost liner
(CI) to the initial concentration of chemical in leachate above the liner (CO)

CHWMA Colorado Hazardous Waste Management Act

cmis Centimeters per second

COE U S Army Corps of Engineers

COR Contracting Officer's llZepresentative

CPMSO Chlorophenylmethyl -,ulfoxide

CPMS0'. Chlorophenylmethyl,;ulfone

CQA Construction quality assurance

CRS Colorado Revised Statute

CVAA Cold vapor atonuc adsorption

DAA Final Detailed Analysis of Alternatives

DBCP Dibromochloropropane

DRYT Dusopropybnethylphosphonate

DM2vfP Dimethyl methyl phosphate
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EA Endangerment assessment

Ebasco Ebasco Services, Inc

ECD Electron capture detector

EPA U S Environmental Protection Agency

ESE Environmental Science and Engineering, Inc

FM Flame ionization detector

FFA Federal Facilities Agreement

FNffi Fle)able membrane Imer

FPD Flame photometric detector

FS Feasibility study

9 Gram

GC Gas chromatography

GCL Geosynthetic clay liner

GC/MS Gas chromatography/mass spectrometry

GFAA Graphite furnace atomic adsorption

GNP Groundwater Monitoring Program

HELP Hydraulic Evaluation of Landfill Performance

BLA Harding Lawson Associates

HDPE ffigh density polyethylene

BPLC High pressure liquid chromatography

ICP Inductively coupled plasma spectrophotometry

M/yr Inches per year

IRA Interim response action

K Hydraulic conductivity

Kd Soil/water partitioning coefficient for compounds in the environment

LCS Leachate collection system

mi Milliliter
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mll One-thousandth of an inch

MKE Morrison-Knudsen Faivironmental Services, Inc (formerly Morrison-Knudsen
Engineers, Inc)

MSL Mean sea level

NA Not applicable

NPD Nitrogen phosphorous detector

PIE) Photolonization detector

PCB Polychlormatedbiphenyl

PMRMA Program Manager for Rocky Mountain Arsenal

PRG Preliminary remediation goal

RI Remedial investigation

RMA Rocky Mountain Arsenal

ROD Record of Decision

RUSLE Revised Universal Soil Loss Equation

SCS Soil Conservation Senace

State State of Colorado

SVE Soil vapor extraction

SVOC Semivolatile organic compound

/jg/l Micrograms per liter

USC United States Code

USCS Unified Soil Classification System

USFWS U S Fish and Wildlife Service

USGS US Geological Survey

UX0 Unexploded ordnance

VOC Volatile organic compound

Walsh j P Walsh and Associates, Inc

21907 7050111 Harding Lawson Associates A-35
0212031396 RAF



AppendixA

A-36 Harding Lawson Associates 21907 7050111
0212031296 RAF



6.0 BIBLIOGRAPHY

Arthurl) Little 1979 hydrogeologtc description of Rocky Mountain Arsenal groundwater module,
fourth intenm report, installation, restoration, simulation and cost benefit analysis Prepared for
Geraghty and Miller RIC No 81295R16

Bopp,andothers 1979 Hydrogeolqg;r and water quahiýr of BasinA neck area, Rocky Mountain
Arsenal, Denver, Colorado, draft report U S Army Engineer Waterways Experiment Station, C E
Vicksburg, Miss

Boutwell,GP 1992 The =1 two-stage borehole field permeabjW test Presented at Containment
Alignment and Subtitle D, sponsored by Geotechnical Committee Houston Branch, American Society
of Civil Engineers, March 12

Broughton, J , W Miller, and G Mitchell 1979 GeoloV andgroundwatar definition, Basin A area,
Rocky Mountain Arsenal, Denver, Colorado U S Army Corps of Faigmeers Waterways Experiment
Station Vicksburg, Miss RIC No 81266R27

Clapp, R B , and G Homberger 1978 Eappmcal equatzonsfor some sad hydraulzcpropertzes Water
Resource Research, 14 601-604

Colorado Climate Center 1994 Pubhc access meteorological data base Fort Collins, Colo

Devoto,RH 1968 Quaternary history of the Rocky Mountcun Arsenal and enwrons, Adams County,
Colorado Quarterly of the Colorado School of Mines RICNo 84291R01

Dragun,J 1988 The Soil Chenustryof HazarclousMatenalsHazalclousMatenals Hazardous
Control Research Institute, Silver Spnng, Md

Earth Technology Corporation 1981 hydraulic conductivity and the Urafted Soils 0assification.
System at Rocky Mountain Arsenal, Denver, Colorado Project Number 82-169 Preparedforthe
U S Army Toxic and Hazardous Materials Agency and Computer Sciences Corporation Long Beach,
Calif RIC No 81352R135.

Ebasco Services, Inc 1988a Final report, task number 27, hazardous wasteland dzsposalfacility
assessment report

- 1988b Hazardous wasteland dwposalfaciW assessment Rocky Mountain Arsenal,
September

- 1989a. Final remedial investigation, north central study area Prepared for the Program
Manager for Rocky Mountain Arsenal, July

- 1989b Fmal water remedial investigation report, vol Iff version 3 3 Prepared for the
Program Manager for Rocky Mountain Arsenal, RIC No 89186RO1, July

- 1994 Final comprehensive air quaMy and meteorological moratoruigprogram air quality
data assessment report for FY 1993, version 2 0 Prepared for the Program Manage for Rocky
Mountain Arsenal, Commerce City, RIC No 94347ROI, October

Ebasco Services, Inc, and others 1991 Draft fLnalremedzalmvestzgatzonsummaryrepoit,
version23 Prepared for the Program Manager for Rocky Mountain Arsenal, Commerce City, Colo
RIC No 91137RO1, May

21907 7050111 Harding Lawson Associates A-37
0212031296 RAF



AppendixA

Ebasco Services, IrLc , R.L Stollar & Associates, Inc , Munter/ESE, Inc , and Harding Lawson
Associates 1989a Proposed ftnal water remedial investigation report (version 3 2), vols 1, 11, Lu, June

Emmons, S F, and others 1896 GeoloV of the Denver Basin in Colorado U.S Geological Survey
Monographs Volume 27

Environmental Science and Engineering, Inc, Harding Lawson Associates, and Applied
Environmental, Inc 1988 Offpost operable uzutremedzalmvestigatzon and chezrucalspeciftc
applicable or relevant and approprzaterequirements,ftnal report, Version 3 1 Preparedforthe
Program Manager for Rocky Mountain Arsenal RIC No 89173RO1, December

Evans,DM 1965 Denver area earthquakes and the Rocky Mountain Arsenal disposal well
Mountain Geologist, Vol 3, no 1 23-36 RIC No 81356R32

Foster Wheeler Environmental Corporation 1995 Final detail analysis of alternatives, Version 4 1
Prepared for the Program Manager for Rocky Mountain Arsenal, Commerce City, Colo October

Freeze,RA and JA Cherry 1979 Groundwater Prentice-Hall, Englewood Cliffs, NJ

Geraghty and Miller 1986 Rocky mountain arsenal chemicalindar Volumel

Giroud,JP,A Khataml, and K Badu-Tweneboah 1989 "Evaluation of the rate of leakage through
composite liners," Geote.,rtdes and Geomembzunes, 8(4), 337-340

Giroud,JP and R Bonaparte 1989 "Leakage through liners constructed with geomembranehners-
parts I and H and technical note," Geotextzles and Geomembranes 8(l), 27-67, 8(2), 71-111, 8(4), 337-
340

Giroud, j P , K Badu-Tweneboah, and R Bonaparte (1992) "Rate of leakage through a composite
liner due to geomembrane defects," Geotextiles and Gemembranes 11 (1), 1-28

Hansen, W R , and E j Cxosby 1982 Environmental geoloýT of the front range urban corndor and
Tncuuty, Colorado USGS Professional Paper No 1230

Harding Lawson Associates 1989 Regional ground-waterflow modeling at the Rocky Mountain
Arsenal, Denver, Colorado Draft final report, Version 2 1

- 1992a Groundwater monitoring program ftnal annual groundwater moratonng report for
1991 Prepared for the Program Manager for Rocky Mountain Arsenal, Commerce City, Colo RIC
No 92272RO1, September

- 1992b Results of treatability studies for groundwater containment and/or control and
subsurface drainsfmal report Volume I of IV, September 18

- 1994a Final geophysical assessment report, Rocky Mountain Arsenal, Commerce City,
Colorado, February

- 1994b Final fourth year reevaluationreport for complex disposal trenches interim response
action, Rocky Mountain Arsenal, Commerce City, Colorado, September

1994c Final work plan form atenal and area jeasibiW studies, soils support program, Rocky
Mountain Arsenal, Commerce City, Colorado, November

A-38 Harding Lawson Associates 21907 7050111
0212031296 RAF



AppendbcA

1995a Fmalfeasibilitvstudy soils support program report, Rocky Mountain Arsenal,
Commerce City, Colorado, January

- 1995b Groundwater morutonng program final annual groundwater monitoring report for
1993, Rocky Mountain Arsenal, Commerce City, Colorado, March.

- 1995c Final technical plan task 94-02 conceptual design of the groundwater pump and
treatment system for section 36 and south plants with supporhngfield work, Rocky Mountain Arsenal,
Commerce City,, Colorado, March

- 1995d Final landp site feasibiWreport, Rocky Mountain Arsenal, Commerce City,
Colorado, July

Harding Lawson Associates and Environmental Science and Engineering, Inc , 1992
Offpost operable unitremedial investagationftnal addendum Prepared for the Program Manager for
Rocky Mountain Arsenal RIC No 92156RO1, March.

Howard Needles Tnmrnen& Bergendoff 1981 Chemical waste treatmentlsohdification disposal
jaciWplan. Prepared for Highway 36 Land Development Go, Adams County, Colo April

Hynes,JL,andCj Sutton. 1980 Ilazardous wastes in Colorado Aprebmmazyevaluatzonof
generation and geologic criteria for &sposal Prepared by the Colorado Department of Health and
Colorado Geological Survey Department of Natural Resources

jury, W A , W F Spensor, and W J Farmer 1983 Behavior Assessment Model for Trace Organics in
Soil I Model Description. Journ Environmental Qual Vol 12, No 4. 558-564

Kirkham, R j , and W P Rogers 1981 Earthquake potential in Colorado Colorado Geological
Survey, Bulletin 43

Kobayashi, M and B E Rittmann- 1982 Microbial removal of hazardous organic compounds
Environmental Science& Technology, Vol 16, No 3 170-183

Koerner, R Halse, Y, and A Lord L990 Long4erm durabihly and aging of geomembranes, in waste
containment systems GSP, No 26 R Bonaparte, Ed , ASCE, New York. 106-134

Lyman, W J , W F Reehl, and D H Rosenblatt 1982 Handbook of chemical property estimation
methods, Amencan Chemical Society, Washington, D C

Lindvall, R M 1980 Geological map of the Commerce City quadrangle, Adams and Denver Counties,
Colorado U S Geological Survey Map CQ-1541

- 1983 Geological map of the Sable quadrangle, Adams and Denver Counties, Colorado
U S Geological Survey Map MF-1180

May, J H 1982 Regional groundwater study of Rocky Mountain Arsenal, Denver, Colorado report 1,
hydrogeological defthubon U.S Army Corps of Engineers Waterways Experiment Station. Vicksburg,
Miss RIC No 82295RO1, July

May, j H , j D Crabtree, R W Hunt, and M L Murphy 1983 hydrogeoloýgr of basin Alsouth plants
area, RockV Mountain Arsenal, Denver, Colorado, phase I U S Army Corps of Engineers Waterways
Experiment Station Vicksburg, Miss RIC No 83299ROl
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- 1983 Hydrogeolofflr of BasmAlSouth Plants area, Rocky MountamArsenal, Denver, Colorado,
phase I Final Report Geotechnical Laboratory, U S Army Engineer waterways ExperLment Station,
September

Miller, CH, and others 1979 Preliminary magnetic, seismic, and petrographic investigation of a
possible igneous dike at the Rocky Mountain Arsenal Denver,Colo US Geological Survey, Open
File Report 79-1685

Millington, R J 1959 Gas Diffusion in Porous Media Science, Vol 130, July 10

Mornson-KnudsenEngmeers, Inc 1987 Prehmuiar7rechazge estunatesfor RMA regional flow model,
ftnal version

- 1988 Geology of the Rocky Mountain Arsenal, Adams County, Colorado Preparedfor
Hohne, Roberts, and Owens Denver, Colo

Morrison-Knudsen Environmental Services, Inc 1994 White paper evaluation of the Denver
Formation at Rocky Mountain Arsenal, April

Ogata, A, and R B Banks 1961 A Solution of the Differential Equation of Longitudinal Dispersion
in Porous Media U S Geol Survey Professional Paper 411-A Ai-A7 Reston, Va.

Pacific WesternTechnologies 1993 GroundwatermoratoringprograznftnaI annual groundwater
morutormg report for 1992 Prepared for the Program Manager for Rocky Mountain Arsenal RIC
No 94230R02, August

Rauch, R 1994 U S Fish and Wildlife Service, Rocky Mountain Arsenal, Commerce City, Colorado
Letter to Charles Sharmann, Program Manager for Rocky Mountain. Arsenal, September 22

Richardson,GN 1995 Review of Repository Altematives Letter to Harding Lawson Associates,
February 9

Robson,SG 1987 Bedrock aquifers in the Denver Basin, Colorado -A quantitative water-resources
appraisal US Geological Survey Professional Paper 1257 73

Robson, S G, andj C Romero 1981 Geologic structure, hydrology, and water quahlyof the Denver
Aquifer in the Denver Basin, Colorado Prepared for the U S Geological Survey and the Colorado
Division of Water Resources RIC No 82350MO2

Rosenbloom, J, P Mock, P Lawson, J Brown, and H J Turm. 1993 Apphcatzon of VLF-4C-H to
Vadose Zone Transport of VOCs at an Arizona Superfund Site, 159-169 Groundwater Monitoring
Review, Summer

Rust Environment and Infrastructure 1994 Landfill Quantity, Borrow Materials, and Landfill
Generation Rate Summary Letter to Harding Lawson Associates, December 22

Sampson, J, T Babor, and C Prentiss 1974 Soil survey ofAdams County, Colorado CSU,USDA
RIC No 81266R54

Schawzenbach,RP,etal 1993 Environmentalorgarucchenustry John Wiley& Sons Inc

Shepherd,WD 1982 Letter to Commander of RMA from J H Knaus, Shell Oil Col, including data
from aquifer tests dated May 5, 1982
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Shan, C , and D B Stephens 1995 An analytical solution for vertical transport of volatile chemicals
in the vadose zone 259-277 Journal of Contaminant Hydrology, No 18

Spaine, P A, D W Thompson, and J H Dildane 1984 Regional oundwater stud of Rocky
Mountain Arsenal, Denver, Colorado Report 2 contamination disti7bution U.S Army Corps of
Engineers Waterways Experiment Station, Environmental Laboratory Vicksburg, Miss

Stollar, R L, and F Van der Leeden 1981 Evaluation of the hydrogeological system and contain-
man t migration patterns, Rocky, Mountain Arsenal ftnalreparL Geraghty and Miller, Inc Prepared
fortheUS Army To= and Hazardous Materials Agency Denver,Colo RICNo 81293RO5

TrimbleandMachette 1979 Geologic map of the greater Denver area, front range urban comdor,
Colorado US Geological Survey Map I-856-H

US Army Corps of Engineers 1983 Evaluation of the existing and fizture flood potential on the
Rocky Mountain Arsenal, Denver, Colorado Omaha, Nebr RIC No 84066RO1.

US Army Toxic and Hazardous Materials Agency 1984 Decontamination assessmentfor land and
facilities at Rocky Mountain Arsenal DraftFinalReport. RICNo 84034ROl

- 1983 Selection of a contamination control stxategýrfor Rocky Mountain Arsenal Final
Report. RICNo 83326ROl

US Environmental Protection Agency 1988 Guidance for conducting remedial investigations and
feasibility studies under CERCLA, Interim Final October

- 1988 Lnteractive simulation of the fate of hazardous chemicals durmg land treatment of oily
wastes RffZuser'sguide January EPA/600/8-88/001

- 1994 The hydrologic evaluation of landfillperfonnance (ILELP) model, angineenngdocumen-
tation for version 3 September EPA/600/R-94/168b

- 1995 Vleach. Vadose Zone Leaching Model, Version 2 2, Center for Subsurface Modeling
Support, Ada. OK- October

US Soil Conservation Service 1988 National Agronomy Manual

US Soil Conse-vation Society 1995 Revised universal soil loss equation, version 104 May

Vispi,MA. 1978 Report offtndmgs, RMApumpmg tests, USAEKTSreport USArinyCorpsof
Enguaeers Water% ays Experiment SI ation Vicksburg, Miss RICNo 81266R70

Waterways Experiment Station (Crabtree, J D, and Thompson, D. W) 1983 Froposedhazardous
waste landfill siting and swtability, Rocky Mountain Arsenal, Denver, Colorado Preparedforthe
U S Army Toxic and Hazardous Materials Agency November

Weimer, R 1973 A guide to Uppermost Cretaceous stratigraphy, central front range, Colorado
Department of Geology, Colorado School of Mines, Golden, Colo IUC No 81266R59
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Table Al: Estimates of Potential Advective Water Movement through a Composite System - Landfill Cover Analysis

Geogynthetic Clay Liner

Thickness of FML (inches) = 006
Thickness of Soil Barrier (inches) 025
Saturated K of FML (cm/s) = 2 3013-13
Saturated K of FML (in/day) 7 8213-09
Saturated K of Soil Barrier Layer (cnVs) 3 OOE-09
Saturated K of Soil Barrier Layer (iD/dav) 10213-04
Number of Pinholes per acre I
Number of Defects per acre 3

Head on top of liner Q, area[ through FIVIL R, pinholes R, defects Gradient, pinholes Q, defects Q, total,

(inches) (In/yr) pinholes Gradient, defects On/yr) (113/yr) (I D/Y r)

12 00006 05850 07456 43971 59137 000004 00003 0 OGDO

18 00000 07165 09131 59535 80769 000008 00005 00014

cm/s Centimeters per second
FML Flexible membrane liners
In Inches
K Hydraulic conductivity
In Motor

Q Flow
R Radius
yr Year
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Table A2: Estimates of Potential Advective Water Movement through a Composite System - Lowermost Landfill Liner Analysis

Compacted Clay Liner

Thic ltrw44 of FMI (Inchns) = 006
11114 kgwqs of Soil Barrier (inchos) 36

SANWotl K of FML (cm/s) = 2 30e-13
Saltar4lod K of FML (in/day) 782oOg

Satutated K of Soil Barrier Layor (cm/s) lOOo-07
Saturatod K of Soil Barrier Layer (in/day) 340e-03

Number of Finholes per acre 1
Number of Defects per acre 3

Head on top of liner Q, areal through FML R, pinholes R, defects pinholes Q, defects Q, total
(inches) (In/yr) (m) (M) Gradient pinholes Gradient, defects (i n/y r) On/yr) On/yr)

12 00006 1 1145 14219 10216 10301 00011 00053 0007

cm/s Centimeters par second

FML Flexible membrane liners

in Inches

In Motors

Q Flow

R Radius

yr Year
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Table A3: Summary of Chemical Parameters for Compounds Modeled using VILEACH

SolubiRty Henry's
Compound (mg4) Source Constant Source

CpMSO 1,100 Cflpost E& 5 OOE-04 Ofipost EA MLE
Dibromocbloropropane (DBCP) 1,100 Oflpost FA 00147 Ofipost EA, RME
DRvEP 22,000 Oflpost EA 8.20E-05 Of1post EA, MIE
Chloroform 7,700 Oflpost EA 017 Offpost EA, RUE

Compound Xd source
znmzm=ý

CPMSO 015 Y4 Study, BIA, 1987
Dibromochloropropane (DBCP) 049 Ya Study, BIA, 1987
D]MP 03 Study, BIA, 1987
Chloroform 0.29 Study, HLA, 1987

cm Centimeters
CPMSO 4-Chlorophonylmothyl sulfone
DR-AP Ddosopropy1methyl phosphonate
EA Endangerment Assessment
9 Gram
BIA Harding Lawson Associates
Y'a Soil-water partition coefficient
m Meter
mg/l Milligrams per hter
r Radius
NILE Most likely exposure
RME Reasonable maximum exposure
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Table A4: Summary of Physical Parameters Used in VLEACH Simulations

Value Source

porosity 04 HELP model, sandy clay loam

Bulk Density (g/cmý) 16 Assumed
Moisture Content = 025 Clapp and Hornberber analysis
Advective Velocity (inches/year) 00068 HEY model result
Fract.ion Organic Carbon 0005 Reasonable law value, RMA SVE study

cm Centimeters

8 Grams
HELP Hydrologic evaluation of landfill performance

RMA Rocky Mountain Arsenal

SVE Soil vapor extraction
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Table AS: Summary of Potential LeachateConcentrations
versus Predicted Threshold Concentrations

Predicted Characterization of
PRG fi-am Threshold Potential FTatwm

lhechcted DAA Concei3trahons* LandM Leachate*
Constituent I1:V/CO W ) W ) W )

CPMSO 6 1 x 10' 36 591,000 10,000 to 19,000
Dibromocbloropropane(DBCP) 13 x 10-4 02 1,500 2
DDAP 4 5 x 10-6 8 1,797,000 740 to 1,300
Chloroform 5 6 x 10-5 6 108,000 21 to 610

CPMSO 4-Chlorophenylmethyl sulfone
CO Concentration of compound in the leachate above the lowermost liner
Cv Predicted concentration. of compound at the bottom of the unsaturated zone
DAA Detailed Analysis of Alternatives
DIMP Duosopropylmethyl phosphonate
PRG PrehminaryromechatLongcals

Yg/l Micrograms per liter

The concentrationm leachate necessary to result in the occurrence of predicted concentrations at the
top of the satarated zone above the PRG for that constituentin 1,000 years or less, assuming a single
3-foot composite clay liner and 20 feet to groundwater
Based on Range of Concentrations im Basin F Waste Pile leachate since 1989 (Attachment A2)
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Prepared for Figure Al 6
Program Manager for
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Prepared by
Harding Lawson Associates
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SUPPLEMENTAL GEOLOGIC BORING LOGS WITH SURVEY COORDINATES
AND UNIFIED SOIL CLASSIFICATION CHART



Table AIA: Rocky Mountain Aursenal Task 93-03, Geotechnical Boring Coordinates,
Elevations, and Total Depths

Elevahon Total Depth
Bormg Number Northmg Easting (feet) (feet)

BRB14395 187135 2184026 525216 340
SAB14495 188401 2183785 523018 390
SAB14595 188565 2184509 524240 495
SAB14695 188921 2184902 523471 240
SAB14795 188407 2184437 524286 430

The boreholes were surveyed by a State of Colorado licensed surveyor using the horizontal North
American Datum. of 192 7 (NAD2 7) an d the National Geodetic Vertical Datum of 192 9 (NGVD29)

Harding Lawson Associates 21907 7050111
0103030596 RAF



MAJOR DIVISIONS SYMBOLS! TYPICAL NAMES

Well-graded gravels or gravel-sand mixtures, little or no
CLEAN GRAVELS 6W 0 0 fines

GRAVELS WITH
Uj LESS THAN S% FINES 0' Poorly graded gravels or gravel-3and mixtures, fittle or no
N GP c) fines

WU) MORE THAN 1/2 OFjw COARSE FRACTION> Silty gravels, gravel-sand mixtures
0> GRAVIIS GM 144,WUJ No 4 SIEVE SIZE WITH P6'OVER 15% FINES Clayey gravels, gravel-sand-clay mixtures

GC

ED 0 Well-graded sands or gravelly sands. little or no fines
I Z CLEAN SANDS Sw
EO A
WX SANDS WITH
K0 LESS THAN 5% FINES Poorly graded sands or gravelly sands, little or no fines
OU) SP
Uir MORE THAN 1/2 OFW Silty sands, 3&id-39t mixtures> COARSE FRACTION<

0 SANDS SMNo 4 SIEVE SIZE WITH
OVER 15% FINES SC Clayey sands, sand-clay mixtures

W Inorganic silts and very fine sands, rock flour, silty or
ML clayey fine sands or clayey silts with slight plasticity

(1)U) SILTS & CLAYS Inorganic clays of low to medium plasticity, gravelly clays,

OW CL sandy clays, sEty clays, lean clays
U)m LIQUID LIMIT 50% OR LESS
Ln Organic silts and organic silty clays of low plasticity
To OL

C3
ccZ" Inorganic silts, micaceous or diatomaceous fine sandy or
(oz MH silty sods. elasfic silts
WVK SILTS & CLAYSZ0 Inorganic clays of high plasticity, fat clays
L,U') CHccW LIQUID LIMIT GREATER THAN 50% Organic clays of medium to high plasticity. organic silty

OH clays. organic silts

JW Peat and other highly organic 30113
HIGHLY ORGANIC SOILS PT j_U

DEBRIS ZONE* Metal, concrete, plastic. brick. wood, etc

CONSTRUCTION DEBRIS-1 Concrete, wood, rebar, asphalt

SYMBOLS KEY GRAIN SIZE CHART

Bulk or classification sample CLASSIFICATION RANGE OF GRAIN SIZES
U S Standard Grain Size

Steve Size in Millimeters
No sample recovery BOULDERS Above 129 Above 305

"Undisturbed" sample COBBLES 12' to 30 305 to 76 2

GRAVEL 3' to No 4 78.2 to 4 75

First-encountered groundwater level coarse 3' to 3/41 T62 to Is I
fine 3/4* to No 4 19 1 to 4 75

SAND No 4 to No 200 4.75 to 0.075
Static groundwater level coarse No 4 to No 10 4 75 to 2.00

medAn No 10 to No 40 2 00 to 0 425
f ine No 40 to No 200 0 425 to 0 075

UOYR 4/4) Munsell soil color chart I
1990 edition SILT & CLAY Below No 200 Below 0 075 CU-6 1 U)_jL)

Source ASTM D 2488-90, based on Unified Soil Classification System -A
Not part of ASTM Classification System 0U3

Prepared for*
Program Manager for Unified Soll Classification Chart
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by.
Harding Lawson Associates



Equipment Mobile CME-75, Continuous Core Barrel
;D > Sampling

C>U) OL E Elevation 525218 Date 11/13195X = a W 0
2 Z C1 0 U)

(CL) SANDY CLAY, fine-grained sand, 10 YR 5/4
yellowish brown, moist to dry, alluvium (25%)

(SW) SAND. some clay fine sand, 10 YR 6/4 -
light yellowish brown nonplastic, moist alluvium

(CU CLAY. little fine-grained sand 10 YR 814 -
light yellowish brown. nonplastic, dry, alluvium

5- Becomes stiff calcareous

Driller notes hard material at 6 5 ft

(SW) SAND, fine sand, some clay and silt, 10 YR
6/8 - brownish yellow nonplastic , dry, alluvium
(CL) SANDY CLAY, little fine sand, 10 YR 814 -

light yellowish brown. nonplastic, dry, calcareous,
alluvium

10

Locally very heavy white caliche

Some fine sand little very coarse-grained sand
and very fine-grained pea gravel

Color change to 7 5 YR 516 - strong brown,
becomes hard moist with abundant white caliche

20 veining scattered fine- to medium-grained sand
(25%) coarse sand (5%) and very fine gravel

Increase in fine- to medium-grained sand (30%)
and color change to 10 YR 8/6 - brownish
yellow, slightly moist with some little little
crystalline caliche or gypsum veining

Notes I All HNU/OVA readings equal to Decrease in fine-grained sand (25%) with
zero parts per million scattered trace coarse-grained sand to
except as indicated 25 (rounded) pebbles (<5%), color change to 10 YR

2 Munsell color chart 6/4 - light yellowish brown, sand content
used decreases with depth

Prepared for Figure A1.2
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB14395

Prepared by
Harding Lawson Associates

Page I of 2



Equipment Mobile CME-75, Continuous Core Barrel
;2, (D Sampling

0_ý'g CL r: Elevation 525216 Date 11/13/953: = a (1) M -
0 (n

30 (SW) SAND, some clay. fine-grained sand 2 5 Y
6/6 - olive yellow, dense moist alluvium
CLAYSTONE, 2 5 Y 5/2- grayish brown thinly
laminated, fractured to crushed, white caliche
coated fractures to 30 feet, locally iron-oxide
stain mottling at 315 f t , slightly lignitic common
trace yellow brown iron-oxide staining on
fractures and bedding, minor manganese oxide
weathered bedrock, noncalcareous

SANDSTONE, 2 5 Y 6/6 - olive yellow, fine sand,
very uniform grain size thinly laminated, weak
little strength noncalcareous weathered

35 bedrock
Total depth = 34 0 ft

Prepared for Figure A1.2
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB14395

Prepared by
Harding Lawson Associates

Page 2 of 2



Equipment Mobile CME-75, Continuous Core Barrel
Sampling>

-Ei C1 r= Elevation 523018 Date 11/13/95
0 Z

(CL) SANDY CLAY to CLAY, fine-grained sand,
10 YR 614 - light yellowish brown, stiff,
nonplastic. dry, calcareous alluvium

Locally sand content increases to 40%

5 Color changes to 10 YR 5/8 - yellowish brown
with minor white caliche veining

10 Color changes to 10 YR 6/6 - brownish yellow
with some fine- to coarse-grained sand (40%)

Decrease in sand content to 25%
Scattered fine-grained granite gravel, sand
content decreases

20 (SC) CLAYEY SAND. fine- to medium-grained
sand (25%), clay matrix 10 YR 614 - light
yellowish brown, dense, nonplastic, moist,
calcareous alluvium

Notes I All HNU/OVA readings equal to
zero parts per million
except as indicated 25

2 Munsell color chart
used

Prepared for, Figure ALI
Program Manager for
Rocky Mountain Arsenal
Commefice City, Worado Log of Boring BAS14495

Prepared by
Harding Lawson Associates

Page I of 2



Equipment Mobile CME-75, Continuous Core Barrel
Sampling

01
E CL E
CI 0) 1 Elevation 523018 Date 11/13/95

d ch

25
(SW) SAND, fine- to coarse-grained sand, fine

gravel, (pink granite gravel) and quartzite
pebble, 10 YR 614 - light yellowish brown,
nonPlastic, moist. minor calcium carbonate ,
alluvium

(SC) CLAYEY SAND, fine- to coarse-grained
sand, some clay (<25%), 10 YR 8/4 - light
yellowish brown, moist, calcareous, alluvium

(SW) SAND, fine- to coarse-grained sand, pea
gravel, some pebbles, 10 YR 814 - light yellowish

30 brown moist, locally calcareous, alluvium

CLAYSTONE. 5 Y 614 - pale olive, fractured, low
hardness, iron-oxide stain mottling, weathered
bedrock

35 SANDSTONE, fine-grained sand 5 Y 6/6 - olive
yellow, moist, weathered bedrock

CLAYSTONE. 5 Y 4/2 - olive gray fractured,
minor iron-oxide on fractures weathered
bedrock

CLAYEY SILTSTONE, very fine-grained sand,
5 Y 8/6 - olive yellow. friable weak moist,

40 weathered bedrock
Total depth - 39 0 f t

CV

Prepared for* Figure AU
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABI14495

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75, Continuous Core Barrel

> Sampling
CL

OL E Elevation 524240 Date 104195
3C C). (D M
0 0 Cn

(CL) SANDY SILTY CLAY, fine- medium-grained
sand (10%) and silt 10 YR 4/6 - dark yellowish
brown stiff to hard, plastic, moist, alluvium

Becomes calcareous, nonplastic, dry and color
changes to 10 YR 7/2 - light gray

Sand and silt (<25%), fine- to medium-grained
sand, color changes to 10 YR 5/6 - yellowish

5 brown with heavy white caliche

10

(SP) SAND, fine- to medium-grained sand trace
scattered fine gravel, 12 0 to 12 5 ft and clay,
10 YR 614 - light yellow brown, dry alluvium

15 (SW) SAND and GRAVEL. fine- to
coarse-grained sand, subangular, fine to coarse
gravel some rounded pebbles, trace cobble, 10
YR 6/4 - light yellowish brown, dry, alluvium

20-

Notes I All HNU/OVA readings equal to (CL) SILTY CLAY, 10 YR 6/2 - light brownish
zero parts per million gray, stiff to hard slightly plastic, moist minor
except as indicated 2 JZ1 local iron-oxide staining alluvium

2 Munsell color chart
used

Prepared for Figure AU
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB14595

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75, Continuous Core Barrel
Sampling

CL S Elevation 524240 Date 11/14/95
Z QL

M 25

;5W) SAND, fine- to coarse-grained sand, some
pea gravel (pink granite) dry alluvium
(SM) SILTY SAND. fine-grained sand and silt, 10

YR 712 - tight gray,dry, thin layers alluvium

30

Increase in clay content (<30%)
(SW) SAND, fine- to medium-grained sand, some

coarse-grained sand. trace silt, 10 YR 6/4 -
yellowish brown dry to slightly moist, alluvium

Fine gravel (pink granite)

35

Rounded pebbles to small cobbles of white
granite and pink granite
Driller notes hard drilling

Driller notes hard drilling

SANDSTONE, fine- to medium-grained sand 2 540 Y 6/6 - olive yellow, to 2 5 Y 614 - light
yellowish brown friable, weak slightly moist to
dry weathered bedrock

Black sand (2%)

45

50] Total depth 49 5 f t

Prepared for* Figure AU
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB14595

Prepared by:
Harding Lawson Associates

Page 2 of 2



Equipment Mobile CME-75, Continuous Core Barrel
;5 > Sampling
1- 0- OL
40 r= CL r= Elevation 523471 Date 11114195X CL (U (00 0 Cn
in 0- (CL) SILTY CLAY, 10 YR 414 - dark yellowish

brown, stiff to hard, plastic, moist, rooted
alluvium

Color change to 10 YR 5/4 - yellowish brown

Some fine- to medium-grained sand (15%), some
local white caliche
Increase in fine- to coarse-grained sand

5- (<20%) color change to 10 YR 5/8 - yellowish
brown slightly plastic to nonplastic, dry to

- slightly moist

Scattered very coarse sand (pink granite),
generally <25% sand

10
Trace scattered gravel (pink granite)

Thin layer (I ) of coarse-grained sand
(SP) SAND, fine- to medium-grained sand, 2 5 Y
614 - light yellowish brown dry to slightly moist,
alluvium
(SW) SAND, fine- to very coarse-grained sand

10 YR 614 - light yellowish brown, dry, alluvium
Gravel pebbles. and cobbles
CLAYSTONE, 5 YR 4/3 - olive, fractured,
weathered bedrock
SILTSTONE, 2 5 Y 6/3 - light yellowish brown,
thin laminated friable, light iron-oxide staining
along laminations weathered bedrock
Color change to 2 5 Y 8/6 - olive yellow, fine-

20 to medium-grained sand

Notes I All HNU/OVA readings equal to Total depth 24 0 ft
zero parts per million
except as indicated 25-2 Munsell color chart cm
used

Prepared for: Figure A1.4
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB14095

Prepared by.
Harding Lawson Associates



Equipment Mobile CME-75, Continuous Core Barrel
Sampling

CL
Elevation 524288 Date 1111419531: C1. 11) W0 Z 0. 0 U)

(CL) SANDY CLAY, fine- to medium-grained sand
(<15%) some silt 10 YR 6/3 - pale brown hard

nonplastic, alluvium

Color change to 10 YR 418 - dark yellowish
brown, local white caliche fracture filling

5
Abundant white caliche fracture filling

Little to no white caliche sand content
increases to 30%

10

CLAYEY SAND [SC), 10 YR 5/e - yellowish
brown nonplastic, dry, alluvium

ESW) SAND. fine- to coarse-grained sand, 10 YR
614 - light yellowish brown, nonplastic dry,

15 coarsens downward some round gravel (pink
granite), alluvium

2-tnch fragment of highly oxidized fine sand,
10 YR 416 - dark yellowish brown, cemented

20

Notes I All HNU/OVA readings equal to (CL) CLAY, trace silt and fine sand, scattered
zero parts per million trace fine gravel (pink granite), 10 YR 6/2 -
except as indiCated 25 light brownish gray stiff to hard, plastic moist

2 Munsell color chart
used minor light iron-oxide staining on fractures <

alluvium

Prepared for Figure A1.5
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB14795

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75, Continuous Core Barrel
Sampling

OL ISE Elevation 524288 Date 11/14/95
z aM X_ 25

(SM) SILTY SAND. fine-grained sand some clay.
2 5 Y 6/3 - light yellowish brown plastic, moist,

30 alluvium

2-inch-thick gray clay layer

WL) SANDY SILT, fine- to medium-grained
sand, some clay matrix and clay rich layers,
alluvium

Some iron-oxide staining along bedding layers
(SW) SAND, fine-grained sand, uncemented,
weak friable also 2-inch fragment of hard

35- cemented sandstone fine- to medium-grained
sand, trace rounded gravel (pink granite),
contains trace black sand (<%5), alluvium
[ncrease in rounded pebbles gravel, heterolithic
pebbles 10 YR 4/6 - dark brown, nonplastic
moist local iron -oxide matrix

CLAYSTONE, 10 YR 5/1 - gray little fractured,
plastic iron-oxide stained along fractures

40 weathered bedrock

Silt content increases with depth

SANDY CLAYSTONE. very fine sand 2 5 Y (3/6 -
olive yellow, weak, friable, local heavy iron-oxide
fracture filling weathered bedrock
rotal depth - 43 0 ft

45

Prepared for Figure AL5
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB14T95

Prepared by
Harding Lawson Associates
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Attachment A2

NARRATIVE DESCRIPTION OF C' ULCULATION METHODOLOGIES

EPA's HELP Model for Calculating Advective Water Movement Through Composite Liners

A review of the methodology presented in the= model documentation (pp 74through98,

Equations 138 through 168) versus the equations included in the I-DMP model code was performed to

verify consistency between F= model and results derived using the equations developed by Giroud

and Bonaparte (1989) Results of the review indicated a few imporLant differences between the code and

the model documentation for Version 3 01 of the HELP model One difference was for the set of

equations that estimate the wetted radius of pinhole and defect leaks in the f1wable membrane Imer

(Ffvffi), which varies based on contact Equations 156 and 157 (EPA, 1994) are described as being

equivalent in the calculation of the wetted radius R, where R in Equation 156 is in meters and R in

Equation 157 is in inches Review of how these equations were coded, along with recalculation of the

equivalency factors, indicates that R in Equation 157 is also in meters This also affects subsequent

equations presented for the various levels of liner contact

Another difference between the coded equations and those presented in the documentation occurs for

Equation 151 (EPA, 1994), which includes a temperature correction factor as reported in the original

work of Giroud and Bonaparte, 1989, and Giroud and others, 1992 This temperature correction factor is

not included Ln the coded equation used in the HELP model

After these differences were assessed, the equations developed to estimate diffusive and advective flow of

water through FNIL composites (Equations 138 through 168, applied as appropriate) were incorporated

into a spreadsheet model This model was then applied to various levels of head build up on top of

compacted clay layer (CCL) and geosynthetic clay liners (GCL) composite liners The calculation of flow

through the liner consists of three separate components, diffusive flow (Equation 141), flow through

manufacturing defects (or pinholes, E.quations 151, 152, and appropriate equations based on liner

contact), and flow through installation defects (Equations 151, 152, and appropriate equations based on

liner contact) These numbers are calculated on a per acre basis as diffusive flow over an acre, flow
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through a single pinhole times the total number of pinholes per acre, and flow through a single defect

times the number of defects per acre These values are then added together to estimate the total

advective rate of water flow through the liner in. mches/year/acre The use of this advective flow rate in

a one-dimensional sense in the VLEACH modeling (discussed in Section 2.114) is thus conservative, as

the value is additive over an acre Actual flow values associated with a specific liner location would be

less than the value calculated using this methodology Actual flow will likely be more isolated than a

unitareaofoneacre Hydraulic head is assumed to result from isolated "remnants" of leachate which

would not necessarily cover an entire acre Given the source of head, only one defect may actually be

applicable The acre approach assumes 3 defects and 1 pinhole The use of an acre unit also adds a

diffusion component for the entire acre when the area of the head causing the diffusion may actually be

less

Solutions to the Advective/Dispersive Equation for Contaminant Transport

The rate a which a chemical "spreads out" in one dimension is described by the advective/dispersive

equation. (Freeze and Cherry, 1979)

ac - D O'c - Vac

F_ 0-37 Fx_

where

C = chemical Concentration

D = diffusion Coefficient

X = distance along flowpath

V = advective Velocity

t = tune

The solution for a constant source at X = 0 into a media initially at C 0 was originally present by

Ogata and Banks, 1961, and is as follows
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lerfc( X-11 + exp (ýa) erfc: (X+Vt
C. 2 21 UF D 21

where

erfc - complimentary error function

This equation was developed into a spreadsheet model which was used to predict CI/Co over time at the

bottom of a cumulative sLx-feet of the compacted clay component of the liner system for the constituents

of potential concern.

For estimating diffusive migration in the lower liner, it is necessary to have an estimate of the appropn-

ate diffusion coefficient (D) for a chemical of concern. The diffusion coefficient of a chemical in free

water has been related to the chemicals molecular weight (Lyman and others, 1982) However,avanety

of factors affect diffusion in saturated soil including adsorption of chemical onto soil, tortuosity of

flowpaths, and the physical natire of the soil aggregates that can impact flowpaths (i e , development of

soil "crusts" that can act as capillary breaks, presence of entrapped air, etc ) (Dragun, 1988) jury and

others (1983), present an effective diffusion. coefficient in water that is reduced by a tortuosity factor that

is a function of porosity

De E)w'W D,.

where

De = effective diffusion coefficient

E), = volumetnc water content

0 =total Porosity

D,, == free water diffusion coefficient

Assuming a porosity of 40 percent for the day and saturated conditions, the effective diffusion coefficient

is approximately 30 percent of the free water diffusion coefficient of the chemical It is important to note
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that this relationship is based only on a tortuosity factor and conservatively does not include other

potential effects

The chemicals of concern identified in Appendix A (chloroform, CPMSO, DRvfP, and DBCP) have, in

general, similar diffusive properties in water Therefore, a single analysis was performed to estimate the

relative concentration input (CI/Co) at the base of the liner systems for input into the VLEACH modeling

A free-water diffusion coefficient of 5 x 10-6 square centimeters per second (4 x 10'5 square meters per

day) was used to represent the constituents For the liner system analyzed, it was assumed that there

would be a cumulative minimum of 6 feet of compacted clay The FNILs associated with the CCJs were

conservatively assumed to have no effect in the diffusion estimated Results of this analysis are

presented in Figure A17 of Appendix A-

Rate of Advective Water Movement through the Unsaturated Zone

An analysis based on Clapp and Hornberger, 1978, was used to estimate both the long-term moisture

content and rate of advective water movement through the vadose zone after the landfill has been

constructed The equations for estimating the long-term soil moisture content and advective water

movement in the unsaturated zone are (EPA!s RITZ model, EPA, 1988)

v. v./e

e e.[vwaj1A2b+3)

where

V, = advective water velocity

Vd = infiltration or recharge rate

e = long-term soil water content at recharge rate Vj on a volume basis

e, = saturated water content of the soil on a volume basis

'k, = saturated hydraulic conductivity of the soil

b = Clapp and Homberger, 1978, soil constant
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These equatons, were used to identify a range of leakage rates from the liner which could result in

advective water movement through 20 feet of vadose zone material m 1,000 years The leakage rates

were then compared to predictions of leakage through a single CCL made using the HELP model

methodology

Basin F Waste Pile Leachate Anahftical Results

Analysis of leachate from the primary and secondary sumps at the Basin F Waste Pile have been

performed intermittently since 1989 A historical summary of the results of these analyses are presented

mTableA21 These data were generated by several laboratories and no review of quality control data

has been performed to evaluate the accuracy of the results

Composite samples of Basin F Waste Pile leachate from the primary and secondary sumps were collected

on March 30, 1994 for purposes of updating the leachate characterLzation. The composite leachate

samples were obtained from the collection tank at the base of the waste pile and sent to five laboratories

for analysis of the following parameters

I Volatile organic compounds (VOCs) by gas chromatography (GC) with electrolytic conductivity
detector (ECD) flame ionization detector (F]ID), photoionization detector (PED), and gas chroma-
tography/mass spectrometry (GQ/MS)

2 Semivolatle organic compounds (SVOCs) by GC/MS

3 Organochlonne pesticides and polychlorinated biphenyls (PCBs) by GC with electron capture
detector (ECD), and GQJMS

4 Organosulfur compounds by GC with flame photometric detector (FPD) and GC/MS

5 Organophosphorus compounds by GC with nitrogen phosphorus detector (NPD) and GC/MS

6 Agent degradation products by high pressure liquid chromatography (BPLC) and ion chromato-
graphy

7 Total and dissolved metals by inductively coupled plasma (I CP) atomic emission spectroscopy,
graphite furnace atomic absorption spectroscopy (GFAA), and cold vapor atomic absorption
spectroscopy (CVAA)

8 Amons by ion chromatography

9 General water chemistry parameters by various methods
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The specific analytes covered by each method are listed in the leachate data slimmary tables

(Tables A2.2 and A2 3)

The following laboratories performed the analytical work

I DataChem. Laboratories, Salt Lake City, Utah

2 Environmental Science and Engineering, Inc, (ESE) Gainsville, Florida, and Denver, Colorado

3 CKY Incorporated, Torrance, California

4 Inchcape/NDRC Laboratories, Richardson, Texas

5 Applied Research and Development Laboratories, Inc, (ARDL), Mt. Vernon, Illinois

DataChem and ESE were the only PMRMA-certified laboratories in the group at the time of the study

The designaton'PhERMA-certified'meaias that DataChem and ESE have demonstrated proficiency with

PNffUvIA methods, including methods for certain Army-specific parameters, such as DMP and CPMSO

The other laboratories were included in the study because they were recent additions to the PNHUAA

laboratory program and were working on achieving certification

Each laboratory was requested to analyze duplicate samples of the leachate for each analytical method to

provide a measure of analytical variability However, because of analytical difficulties caused by the

leachate matrix, full data sets were not provided by all laboratories for all methods, and significant inter-

and intralaboratory analytical variability was observed in the data that were reported

Only the data from ESE and DataChem. are included ioa this report because they were the only Ph4RMA-

certified laboratories in the group and their data were deemed to be the most reliable However, it must

be noted that even though DataChem and ESE were MRNIA-certified and the data have undergone

extensive review, there is still significant analytical uncertainty in the data that is caused by the highly

complex nature of the leachate matrix For example, dilutions factors as high as 10,000 were required to

brmg some analytes within detection range, thus precluding the detection of lower concentration
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analytes Also, the high concentrations of some analytes created positive and negative interferences with

the detection of other analytes and generally caused the deterioration of overall methods performance

Thus, the data shown below are considered to be, at best, an estimate of actual analyte concentrations

The combined results of the GC/MS data are summarized in Table A2 2 and the combined results of the

non-GC/MS methods data are summarized in Table A2 3 The data are grouped by analyte type, which

corresponds to the various analytical methods If an analyte was not detected the detection limit is

reported in the column "Not Detected ' If an analyte was detected the range of detections are reported

in the column "Detected Results" along with the average and standard deviation of the detected

concentration All results are shown in units of micrograms per liter W)

CALCULATE DEPTH OF TOPSOIL/ADMIX CAP LOST TO WIND EROSION

Use the Wind Erosion Equation (Ton/Acres/Year)

E = 1KCLV

E = wind erosion, ton/acre/year

I = soil erodeabihtytons/aa-e/year

K = surface roughness factoi, dimensionless

C = climatic factor, dimensionless

L = un h ltered held-width factor, dunensionless

V = vegetative cover factor, dunensionless

Reference document National Agronomy Manual March 1988 Soil C onservation Service

I (From Wind Erosion Groups)

Assume Sandy Loam Soil - 86 tons/acre/yearSubparL G Exhibit 502 61(a)

K Conservatively assume that the surface roughness factor is 10.

C 60 - taken from annual "C" values of the wind erosion equation (interpolated from nearest
10 isohne for Colorado) See attached sheet Exhibit 502 53(a)

L 1,000 ft (longest assumed dimension of any surface) dimension of the cover
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V Will establish vegetation on cover V for alfalfa is 3,000 lb/acre We will conservatively
use 2,000 lb/acre

E 0 5 tons/acre-year (see lookup table)

EROSION IS 0.6 TONS/ACRE/YEAR

This calculation conservatively assumes that this is the erosion rate for 1,000 years Assumptionis

conservative because if erosion of the cap occurs, the cap vaU, by design, become armored (topsoil-gravel

admix) It is likely that vegetation will decrease at some point in the thousand-year period The

decrease in vegetation will be associated with a reduction of wind erosion emissions as the cover armors

As topsoil erodes, a gravel surface will be established that forms a "desert pavement"

Average soil density for the ascalon series on the Rocky Mountain Arsenal site is 105 pounds per cubic

foot Soil density was taken from "soil vegetation and inventory of the Rocky Mountain Arsenal, Adams

County, Colorado, on October 19, 1988, James P Walsh & Associates, Inc

Compute potential soil loss over 1,000 years

1 ton top soil 1 ft3 * 2,000 1 * (12 m)3

705 1 1 ton

32,914 m3 per 1 ton of topsoil

0 5 tons 1 acre (1 ft)2 32,914 iný

Acre-year 43,560 ft2 (12 M)2 Ton

0003 in of topsoil loss attributable to wind erosion,
yr

or appro)arn At ly a 3-inch soil loss attributable to wind erosion over the period of
1,000 years
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Table A2.1: Summary of Historical Basin IF Waste Pile Leachate Analytical Data

Location Coll I PrImaly Sump

Laboratory RMA RRA RKA RFW RFW RFW RFW RFW RFW RFW RFW R?AA

Date sampled 07/05/80 07/27/80 08/25/89 10/05/80 OZ/21/00 04/18/90 07/200 109/90 04/15/91 09/10/91 04110/92 07/20/93

Unit I-g/I A84 IL84 Ag/l IL84 IL84 ILg4 14, IL84 A84 1184 Itg/I

DMMP (mg/1) 18 95 96 130 73 74 76 77 49 13 059 013

CPMS02 (mg/l) 39 130 153 150 90 120 140 16 15 12 14 162

Aldrin (m&4) NA BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

1,1,1-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,1,2-Trichloroethane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,1-Dichlorootheno NA NA 250 BDL BDL BDL BDL BDL BDL BDL BDL NA

I 1-Dichloroothano NA NA BDL BDL BDL BDI BDL BDL BDL BDL BDL ?JA

1,2-Dichloroothene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1.2-Dichloroothano NA NA 120 BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloropropano NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1.3 Dimethylbenzeno NA NA 437 BDL NA NA NA NA NA NA NA NA

2-Chloroothylvinyl other NA NA 316 BDL BDL BDL BDL BDL BDL BDL BDL NA

Benzene NA NA BDL BDL BDL BDL BDL BDL BDL 10 BDL NA

Carbon tetrachloride NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Methylone chloride NA NA 124 BDL BDL BDL BDL BDL BDL 13DL BDL NA

Bromoform NA NA BDL BDL BDL BDL BDL BDL BDL BDL BlJL NA

Chloroform NA NA 585 330 100 82 80 150 130 170 140 NA

Chlorobenzene NA NA 185 BDL BDL BDL BDL BDL BDL BDL BDL NA

Dicyclopontadiono NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Ethylbonzene NA NA BDL BDL BDL BDI, BDL BDL BDL BDL BDL NA

Toluene NA NA 150 BDL BDL BDL BDL 35 BDL 31 33 NA

TetrachloroetbBne NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Trichloroothono NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

xylenes NA NA 353 BDL BDL BDL BDL BDL BDL BDL BDL NA

Metal Results (mWI)
Calcium (total) NA 130 270 BDL BDL BDL 61 BDL BDL BDL BDL NA

Copper (total) NA 546 210 237 409 331 650 520 467 848 408 NA

Sodium (total) NA 10,300 74,000 37,000 48,200 54,300 47,6W 87,300 70,000 108,000 53,300 NA

Zinc (total) NA 23 19 BDL 44 33 22 BDL 30 BDL 39 NA
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Table A2.1 (continued)

Location Call 2 Primary Sump

Laboratory RHA RMA RMA RFW RFW RFW RFW RFW RFW RFW RFW RMA
Date sampled 07/05/89 07/27/80 00/25109 10/05/09 02/21100 o4/18/go 07/26/90 10109/90 04/15/91 09110/91 04110102 07aW03
Unit IA84 AgIl 1w, ILgIl A81, Ug/l ILgIl Aga Ag/l AgI, ILgIl Agli

DMMP (mWI) 112 211 344 99 85 22 16 20 NA NA 091 08
CPMS02 (mg/1) 129 155 164 140 51 13 11 16 NA NA go 10
Aldrin (mg/l) NA BDL BDL BDL BDL BDL BDL BDL NA NA BDL BDL
1,1,1-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,1,2-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,1-131chloroethene NA NA 448 BDL BDL BDL BDL BDL BDL 13131, BDL NA
1,1-Dichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1, 2-Dic hloroet hone NA NA BDl. BDL BDL BDL BDL BDL BDL BDL BDL NA
1,2-Dichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,2-Dichlaropropane NA NA BDL BDL BDL BDL BDL BDl. BDL BDL BDL NA
1,3-Dimethylbenzone NA NA BDL BDL NA NA NA NA NA NA NA NA
2-Chloroothylvinyl other NA NA 726 BDL BDL BDL BDL BDL BDL BDL BDL NA
Benzene NA NA BDL BDL BDL BDL BDL BDL BDL 5 BDL NA
Carbon tetrachloride NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
Mothylane chloride NA NA 276 BDL BDL BDL BDL BDL BDL BDL BDL NA
Bromoform NA NA BDL BDL BDL BDI, BDL 13DL BDL BDL BDL NA
Chloroform NA NA 545 38 BDL 190 130 410 270 610 120 NA
Chlorobenzone NA NA 62 2 BDL BDL BDL BDL BDL BDL BDL BDL NA
Dicyclopentadiene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
Ethylbenzene NA NA BDL BDL BDL BDL BDL JIDL BDL BDL BDL NA
Toluene NA NA 119 BDL BDL BDL BDL 20 BDL 31 BDL NA
Tetrachloroethene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
Trichloroetheno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
Xylenes NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Metal Results (mg/l)
Calcium (total) NA 170 35 0 BDL BDL BDL 141 BDL NA NA NA NA
Copper (total) NA 784 320 228 226 300 600 349 NA NA NA NA
Sodium (total) NA 11,500 84,000 30,800 26,800 44,400 48,001) 90,800 NA NA NA NA

Zinc (total) NA 4 2 4 00 BDL 411 30 30 BDL NA NA NA NA
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Table A2.1 (continued)

I-ocation Cell 3 Primary Sump

Laboratory RMA RMA RRA RFW RFW RFW RFW RFW RFW RFW RFW RNU

Vale sampled 07/05/00 07/27/09 08/25/69 10/05/80 02/21/90 04/18/90 07/20/00 10/00/00 04/15/91 oo/10/01 04/10/02 07/WM3

-.. Onit ILgIl IL84 ILM -g/l tLga AgA fLg/I ILO ILgA fLg/l Itg/I UgA-

DMMP (ing/1) 02 15 2 173 230 130 33 24 18 16 33 11 13

OPMS02 (m8n) go 85 124 160 88 20 16 13 17 14 11 1 1

Aldrin (mg/l) NA BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

1,1,1-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,1,2-Trichlormthane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1.1-Dichloroathono NA NA 585 BDL BDL BDL BDL BDL BDL BDL BDL NA

1,1 Dichloroothano NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloroethene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

112-Dichloropropane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,3-Dimethylbonzone NA NA BDL BDL NA NA NA NA NA NA NA NA

2-Chloroothylvinyl other NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Benzene NA NA BDL BDL BDL BDL BDL BDL BDL 6 BDL NA

Carbon tetrachloride NA NA 748 BDL BDL BDL BDL BDL BDL BDL BDL NA

Mothylone chloride NA NA 194 BDL BDL BDL BDL BDL BDL BDL BDL NA

Bromoform NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Chloroform NA NA 231 290 BDL 250 200 380 300 340 240 NA

Cblorobenzeno NA NA 561 BDL BDL BDL BDL BDL BDL BDL BDL NA

Dicyclopentadione NA NA BDL DDL BDL BDL BDL BDL BDL BDL BDL NA

Ethylbonzone NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Toluene NA NA 461 BDL 390 BDL BDL BDL BDL BDL 68 NA

Tetrachloroothene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Trichlorootheno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Xylones NA NA DDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Metal Results (mg/1)

Calcium (total) NA 210 390 BDL BDL BDL 11 BDL BDL BDL BDL NA

Copper (total) NA 723 500 169 203 120 450 307 167 150 176 NA

Sodium (total) NA 12,800 50,000 45,800 44,100 32,800 49.000 105,000 75,800 122,000 56,900 NA

Zinc (total) NA 37 35 BDL 35 21 22 BDL 27 BDL 49 NA
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Table A2.1 (continued)

Location Coll I Secondary Sump

Laboratory RMA RKA RKA RFW RFW RFW RFW RFW RFW RFW RFW RMA

Date sampled 07/05/89 07/27/09 00/25/89 10/05/89 OZ(21/90 04/100 07/2"0 10/09/90 04/15/91 OWIQ(01 04/1"2 07W03

Unit PE84 AgIl AgIl ILgA A81, A84 Ig/I #84 1,84 fLgA 1,84 &0

DMMP (mg/l) 22 75 64 94 46 63 BDL 13 057 BDL 034 BDL

CPMS02 (mg/1) 22 77 64 11 47 10 12 39 60 12 0900 031

Aldrin (mg(l) NA 006 BDL BDL BDL BDL BDL BDL BDL BDL 006 BDL

1,1,1-Trichloroothane NA NA BDL BDL BDL BDL BDL 70 BDL BDL 4 NA

1,1,2-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1.1-Dichlorootlione NA NA 270 BDL BDL BDL BDL BDL BDL BDL BDL NA

1,1-Dichloroothano NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloroothono NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloropropane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,3-Dimothylbonzone NA NA BDL BDL NA NA NA NA NA NA NA NA

2-Cliloroothylvinyl other NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Benzene NA NA BDL BDL BDL BDL BDL BDL BDL BDL 2 NA

Carbon tetrachloride NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Mothylene chloride NA NA 2090 1100 BDL BDL BDL BDL BDL BDL BDL NA

Bromoform NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Chloroform NA NA 282 BDL BDL 50 BDL BDL 39 94 53 NA

Chlorobenzene, NA NA 355 BDL BDL BDL BDL BDL BDL BDL BDL NA

Dicyclopentadione NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Ethylbenzone NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Toluene NA NA BDL BDL BDL BDL BDL BDL BDL 51 12 NA

Totrachloroothene NA NA 529 BDL BDL BDL BDL BDL BDL BDL BDL NA

Trichloroetheno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Xylones NA NA 260 BDL BDL BDL BDL BDL BDL 10 BDL NA

Metal Results (mg/1)

Calcium (total) NA 70 5 10 BDL BDL BDL 72 BDL BDL BDL BDL NA

Copper (total) NA 239 go 0 119 120 348 500 648 585 4 8 85 NA

Sodium (total) NA 9300 45,900 35,000 38,200 6101000 60,200 36,700 28,200 2,670 2,320 NA

Zinc (total) NA 3 0 18 45 58 33 24 BDL BDL 20 20 NA
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Table A2.1 (continued)

Location Coll 2 Secondary Sump

Laboratory RMA RMA RMA RFW RPW RFW RFW RFW RFW RFW RFW RMA
Date sampled 07/05/80 07/27/26 0"5/" 10/05/80 02/21/90 04/18/00 07/26/00 10/00/00 04/15/91 00/10/0-1 04/102 07/20/93
Unit jLg,4 PgI P4 PI P g/l IM ttg/l fig/, /Lg/l A84 Ag/l A811 Agn

DMMP (mgA) 81 384 18 4 290 130 30 24 14 18 34 12 04
CPMS02 (mg/l) 82 17 3 126 140 60 15 17 89 18 14 11 09
Aldrin (mg/l) NA BU BIX HDL BDL BDL BDL BDL BDL BDL BDL BDL
1,1,1-Trieliloroothano NA NA BDL BDL BDL 110 BDL BDL 7 5 BDL NA
1,1,2-TrIchloroethane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
I,I-Dichloroothene NA NA 543 BDL BDL BDL BDL BDL BDL BDL BDL NA
1,1 Dichloroothano NA NA BDL BDL BDL BDL BDL BDL BDL 13DL BDL NA
1,2-Dichloroothone NA NA BDL BDL BDL BDi. BDL BDL BDL BDL BDL NFL
1,2 Dichlorootbane NA NA BDL BDL BDL BDL BDL BDL BDL 13131, BDL NA
1,2-Dichloropropano NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,3-Dimothylbenzene NA NA BDL BDL NA NA NA NA NA NA NA NA

2-Chloroothylvinyl other NA NA 116 BDL BDL BDL BDL BDL BDL BDL BDL NA

Benzene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Carbon totrachloride NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Mothyleno chloride NA NA 950 BDL BDL BDL BDL BDL BDL BDL BDL NA

Bromoform NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA'

Chloroform NA NA 388 BDL BDL BDL 80 96 210 260 51 NA

Chlorobonzene NA NA 059 BDL BDL BDL BDL BDL BDL BDL BDL NA

Dicyclopentadione NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Ethylbonzone NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Toluene NA NA BDL BDL BDL BDL DDL BDL BDL 7 BDL NFL

Totrachlorootheno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Trichlorootheno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

xylones NA NA 362 BDL BDL BDL BDL BDL BDL BDL BDL NA

Metal Results (mg1l)
Calcium (total) NA 220 280 BDL BDL BDL 145 BDL BDL BDL BDL NA

Copper (total) NA 854 320 268 404 318 400 591 380 243 302 NA

Sodium (total) NA 12,100 119,()00 34,500 39,000 43,900 48,000 112,000 74,000 152,000 43,500 NA

Zinc (total) NA 4 0 4 7 3 1 5 7 3 9 2 8 BDL 45 BDL 4 0 NA
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Table A2.1 (contlnued)

Location Cell 3 Secondary Sump

Labora(ory RMA RMA RMA RFW RFW Rl- W RFW RM RFW RFW RFW RMA

Date sampled 07/05/89 07/27/89 08/25/80 10/05/80 OV21/00 04/18/90 07/20/90 10/0"0 04/15/01 09/10/91 04/10192 07/20/93
Unit AgIl YgI, AgA AgA AgA 1484 t'g/I Agn ASA mll tLgA AgIl

DMMP (ing/1) 7 2 05 233 230 140 180 240 43 16 Oil 03 003

CPMS02 (mg/1) 68 130 14 3 140 89 120 160 10 66 30 35 08

Aldrin (nigh) NA BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

1,1,1-Trichlorootbane NA NA BDL BDL BDL BDL BDL 84 22 BDL 13 NA

1,1,2-Trichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,1-Dichlorootheno NA NA 334 BDL BDL BDL BDL BDL BDL BDL BDL NA

I,I-Dichloroothane NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

1,2-Dichloroothene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,2-Dichloroetharte NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,2-Dicbloropropano NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA
1,3-Dimethylbenzeno NA NA BDL BDL NA NA NA NA NA NA NA NA
2-Chloroothylvinyl other NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Barizene NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Carbon tetrachloride NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Mothylone chloride NA NA 101 BDL BDL BDL BDL BDL BDL BDL BDL NA

Bromoform. NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Chloroform NA NA BDL 930 BDL 100 110 71 120 260 52 NA

Chlorobonzeno NA NA BDL BDL BDL BDL BDL BDL BDL 24 BDL NA
Dicyclopentadione NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Ethylbenzeno NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Toluene NA NA BDL BDL BDL BDL BDL 30 BDL BDL BDL NA

Totrachloroothone NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Trichlorootheno NA NA BDL BDL BDL 50 BDL BDL BDL BDL BDL NA

xylonos NA NA BDL BDL BDL BDL BDL BDL BDL BDL BDL NA

Metal Results (mgA)
Calcium (total) NA 270 320 BDL BDL BDL 131 BDL BDL BDL BDL NA

Copper (total) NA 714 isu 150 270 170 200 614 762 286 696 NA

Sodium (total) NA 12,100 128,000 38,400 54,500 56,400 40,200 28,700 31,900 13,800 33,200 NA

Zinc (total) NA 2 8 43 25 71 26 18 BDL BDL BDL BDL NA

NA Not analyzed
BDL Below dotection limit
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Table A2.2: GC/MS Results by Analyte Group*
for Basin IF Waste Pile Leachate

from March 1994 Sampling

Not
Detected Detected Results
Reporhng Standard

Group/Analyto Lm3lt Range Average Deviabon.

Organophosphorus Compounds
Dusopropylmethyl phosphonate 910 to 1,300 1,100 270
Dunethylmethyl phosphate 570 to 880 720 220

Organosulfur Compounds
1,4-oxatbiane 27
4-Chlorophenylmethyl sulfide 230 to 310 270 57
4-Chlorophenylmethyl sulfone 15,000 to 19,000 17,000 2,800
4-Chlorophenylmethyl sulfo)ade 2,800 to 4,000 3,400 800
Dimethyl chsulfide 8
Ditluane 3

Organocblonne Pesfamdes and FCBs
DDT 18
DDD 18
DDE 14
Aldnn 13
alpha-Benzenehexachlonde 5
alpha-Endosulfan 23
Atr,q 7.1 n e 6
beta-Benzenehexachlonde 17
Chlordane, 37
delta-Benzenehexachlonde 3
Dieldnn 26
Endosulfan. sulfate 50
Endrm 18
End= aldehyde 5
Endrm ketone 6
Heptachlor 38
Heptachlor epoxide 28
Hexachlorocyclopentadiene 38
Isodnn 8
Lindane, 7
Malathion 21
Methoxychlor 11
Parathion 37
PCB 1016 9
PCB 1221 9
PCB 1232 9
PCB 1242 9
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Table A2.2 (continued)

Not
Detected Detected Results

Reportmg Standard
Group/Analyte Lunit Range Average Dewatton

PCB 1248 9
PCB 1254 9
PCB 1260 13
Supona 19
Toxaphene 17
Vapana 9

Senuvolables Orgamc Compounds
1,2,3-Tnchlorobenzene 6
1,2,4-Tnchlorobenzene 2
1,2-Dipheny1hydrazine 13
1,3-Dmitrobenzeiae 10
2,3,6-Tnchlorophenol 2
2,4,5-Tnchlorophenol 3
2,4,6-Tnchlorophenol 4
2,4-Dichlorophenol 8
2,4-Dimethylphenol 4
2,4-Dimtrophenol 170
2,4-Dimtrotoluene 6
2,6-Dimtroaniline 9
2,6-Dmitrotoluene 7
2-Chloronaphthalene 3
2-Chlorophenol 3
2-Methyl-4,6-dimtrophenol 50
2-Methylnaphthalene 1
2-Methylphenol 4
2-Nitroamhne 31
2-Nitrophenol 8
3,3'-Dichlorobe nm dine 5
3,5-Duntroamline 21
3-Nitroaniiine 15
3-Nitrotoluene 3
4-Bromophenylphenyl ether 7
3-Methyl-4-chlorophýenol 9
4-ChloroAnfline 1
4-Chlorophenylphenyl ether 20
4-Methylphenol 3
4-Nitroanfline 31
4-Nitrophenol 96
Acenaphthene 6
Acenaphthylene 5
Amthracene 5
Benzo[a]anthracene 10
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Table A2.2 (continued)

Not
Detected Detected Results

Reporting StEmdard
Group/Analyte Tami Range Average Deviation

Benzo[a]pyrene 6
Benzo[b]fluoranthene 7
Benzo[deflphenanthrene 5
Benzo[g,h,i]perylene 6
Benzo[k]fluoranthene 10
Benzoic acid 3
Benzyl alcohol 4
beta-Endosulfan 42
bis(2-CI21oroethoxy)methane 7
bis(2-Chloroethyl) ether 1
bis(2-Chloroisopropyl)eTher 5
bis(2-Ethylhexyl)phthalate 30 to 38 34 6
Bromacil. 3
Butylbenzyl phthalate 6
Chlordecone 20
Chrysene 7
Di-N-butyl phthalate 120
Di-N-octyl phthalate 2
Dibenz[ah]anthracene 10
Dibenzofuran 5
Diethyl phthalate 6
Dimethyl plithalate, 2
Famphur / Famophos 20
Fluoranthene 5
Fluorene 7
Hexachloro-1,3-butadiene 5
Hexachlorobenzene 5
Hexachloroethane 6
Indeno[1,2,3-c,d]pyrene 21
Isophorone, 2
Mirex 24
N-Nitrosodi-N-propyl.qTnine 810 to 990 900 130
N-Nitrosodunethylamme 10
N-Nitrosodiphenylamine 4
Naphthalene 0
Nitrobenzene, 4
Pentachlorophenol 9
Phenanthrene 5
Phenol 2

Volatile Organic Compounds
1,1,1-Trichloroethane 1
1,1,2,2-Tetraclaloroethane 2
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Table A2.2 (continued)

Not
Detected Detected Results
Reporting Standard

Group/Analyte Limit Range Average DeviLabon

1,1,2-Tncbloroethane 1
1,1-Dichloroethane 1
1,1-Dichloroethene 1
1,2-Dichlorcbenzene 1
1,2-Dicliloroethane 1
1,2-Dichloroethylenes (cis and 3
trans isomers)
1,2-Dichloropropane 1
1,3-Dichlorobenzene I
1,3-Dichloropropane 5
1,3-Dimethylbenzene/ m-Xylene 1
1,4-Dichlorobenzene 2
2-Butanone 340 to 450 400 80
2-ChIoroethyl vinyl ether 4
2-Hexanone I
Acetone 1,500 to 15,000 8,000 7,000
Acrylonitrile 8
Benzene 1
Bicyclo[2,2,1]hepta-2,5-diene 2
Bromodichloromethane I
Bromoforin 11
Bromomethane, 5
Carbon disulfide 5
Carbon tetrachloride 1
Chlorobenzene 1
Chloroethane 8
Chloroform 21 to 36 30 7
Chloromethane, I
cis-1,3-Dichloropropene 5
Dibromochloromethane I
Dibromochloropropane 6
Dichloromethane 1
Dicyclopentadiene 4
Ethylbenzene I
Methyl isobutyl ketone 5 to 13 9 5
Styrene 5
Tetrachloroethene 1
Toluene 6
trans-1,3-Dichloropropene 5
Trichloroethene, 1
Trichlorofluoromethane, 1
Vinyl acetate 1
Vinyl chloride 12
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Table A2.2 (continued)

Not
Detected Detected Results
Reportmg Standard

Group/Analyte LIUmt Range Average DeviatLon

Xylenes 2

Results in yg/I
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Table A2.3: Non-GC/MS Results by Analyte Group*
for Basin F Waste Pile Leachate

from March, 1994 Sampling

Not
Detected Detected Results
Reporfang Standard

Group/Analyte LIMA Range Average Deviation

Agent Degredation Products
Chloroacetc acid 25,000
Fluoroacetic acid 25,000
Isopropyhnethyl phosphonic acid 5 6E+06 to 7 3E+06 6 5E+06
Methylphosphomc acid 1 8E+06 to 2 OE+06 1 9E+06 140,000
Thiodiglycol 27,000 to 29,000 28,000 1,000
Tb.lodiglycohc acid 540,000 to 580,000 560,000 28,000

Amons
Chloride I 5E+08 to 1 9E+08 1 7E+08 I 7E+07
Cyanide 420 to 870 575 210
Fluoride 32,000 to 36,000 34,200 2,000
Nitrate as nitrogen 870,000 to 930,000 900,000 42,000
Nitnte as nitrogen 61,000
Nitrite plus nitrate 7 6E+0600 to I 8E+07 I 3E+07 7 4E+06
Sulfate 2 3E+07 to 3 2E+07 2 8E+07 4 7E+06

General Chemistry Parameters
Alkalinity I 7E+07 to 3 OE+07 2 6E+07 4 6E+06
Ammonia nitrogen 2 1E+07 to 2 3E+07 2 2E+07 850,000
Chemical oxygen demand 4 9E+07 to 8 2E+08 1 9E+08 2 7E+08
pH 8 05 to 8 45 830
Phosphorus 2 OE+07 to 2 1E+07 2 OE+07 300,000
Specific conductivity 217,000 to 530,000 370,000 170,000
Sulfide 26,000 to 32,000 29,000 5,000
Total hardness 56,000 to 217,000 110,000 83,000
Total organic carbon 1 8E+07 to 4 9E+07 3 3E+07 I 7E+07
Total organic halogens 80,000 to 220,000 144,000 67,000
Total suspended solids 404,000 to 649,000 536,000 125,000

Metals
Aluminum 380 to 470 430 50
Arsenic 1,100 to 1,400
Barium 33 to 40 35 3
Cadmium 120 to 140 90 50
Calciurn 21,000 to 22,000
Chromium 280 to 310 300 10
Cobalt 700 to 730 720 20
Copper 240,000 to 250,000
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Table A2.3 (continued)

Not
Detected Detected Results

Reporting Standard
Group/Analyte Umit Range Average Deviahon

Metals (continued)
Iron 5,840 to 6,100 6,000 130
Lead 60 to 120 90 40
Magnesium 7,000 to 8,200 7,600 500
Manganese 560 to 590 580 20
Mercury 12 to 16
Nickel 7,200 to 7,600 7,500 180
Potassium 57,000 to 890,000 460,000 420,000
Sodium 9 OE+07 to 1 OE+08
Zinc 1,800 to 2,600 2,300 320

Organophosphorus Compounds
Dusopropylmethyl phosphonate 740 to 1,000 860 120
Dimethylmethyl phosphate 4,600 to 5,600 5,200

Organosulfur Compounds
1,4-Oxathiane 7 to 85 45 40
4-Chlorophenylmethyl sulfide 6
4-Chlorophenylmethyl sulfone 10,000 to 16,000 13,000 3,000
4-Chlorophenylmethyl sulfoxide 2,900 to 3,800 3,400 400
Benzothiazole 42 to 44 43 1
Dnnethyl disulfide 8 to 11 9 1
Dithiane, 16

Organochlonne Pesticides
DDT 005
DDD 005
DDE 005
Aldnn 0 7 to 6 3 3
Atrazine 130 to 170 150 30
Chlordane 01
Dieldrin 02
Endrin 005
Hexachlorocyclopentadiene 04
Isodnn 005
Malathion 4
Parath-ion 6 to 13 9 5
Supona 8
Vapona 4

Volable Orgamc Compounds
1,1,1-Tncbloroethane 8
1,1,2-Trichloroethane 8
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Table A2.3 (continued)

Not
Detected Detected Results

Reporting Standard
Group/Analyte Lumt Range Average Deviabon

Volable Organic Compounds (continued)
I,I-Dichloroethane 7
1,1-Dichloroethene 17
1,2-Dichloroethane 11
1,2-Dichloroethylenes (cis and 8
trans isomers)
1,3-Dunethylbenzene/ m-Xylene 13
Benzene 11
Bicyclo[2,2,llhepta-2,5-diene 14
Carl:)on tetrachloride 10
Chlorobenzene 8
Chloroform 18 to 26 22 6
Dibromochloropropane 2
Dichloromethane, 74
Dicyclopentadiene, 42 to 50 46 6
Ethylbenzene 14
Methyl. isobutyl ketone 15
Tetrachloroethene 7
Toluene 7 to 11 9 2
Trichloroethene 6
Vinyl chloride 10
Xylenes 14

Results m ygll
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Table A2.4: South Plants Area Groundwater Analytical Data Geometric Mean by Well

Well Well Well WeR Well Well Well Well
01078 01513 01524 30054 30108 30210 36211 36212

Analyte (PO) (PA (P9/1) W ) W ) W ) (P9(1) (p9d)

Chloroform 44,667 43,081 1906 280,000 3,046,498 100,000 56,234 354,813
CPMSO 1673 856 1682 4026 1012 759 78 1514
DRa 101 - is 308 384 22 0 0
DBCP 2,400 224 58 268 302 0 96

Not detected
CPMSO 4-Chlorophenylmethyl sulfone
DRvfP Dnsopropylmethyl phosphate
DBCP Dibromochloropropane
jig/l Microgram per liter
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RMA 93-03 Chloroform Transport, First 100 years
1

0.1 100. 150. 100.

58.0 .17 7700. 0.85
Polygon I

1. 0.25 .00057 1.6 0.40 .25 .005

.165 -1. 0.
80y 100.0
1 1 0.0
2 2 0.0
3 3 0.0
4 4 0.0
5 5 0.0
6 6 0.0
7 7 0.0
8 8 0.0
9 9 0.0

10 10 0.0
11 11 0.0
12 12 0.0
13 13 0.0
14 14 0.0
is 15 0.0
16 16 0.0
17 17 0.0
18 is 0.0
19 19 0.0
20 20 0.0
21 21 0.0
22 22 0.0
23 23 0.0
24 24 0.0
25 25 0.0
26 26 0.0
27 27 0.0
28 28 0.0
29 29 0.0
30 30 0.0
31 31 0.0
32 32 0.0
33 33 0.0
34 34 0.0
35 35 0.0
36 36 0.0
37 37 0.0
38 38 0.0
39 39 0.0
40 40 0.0
41 41 0.0
42 42 0.0
43 43 0.0
44 44 0.0
45 45 0.0
46 46 0.0
47 47 0.0



48 48 0.0
49 49 0.0
50 50 0.0
51 51 0.0
52 52 0.0
53 53 0.0
54 54 0.0
55 55 0.0
56 56 0.0
57 57 0.0
58 58 0.0
59 59 0.0
60 60 0.0
61 61 0.0
62 62 0.0
63 63 0.0
64 64 0.0
65 65 0.0
66 66 0.0
67 67 0.0
68 68 0.0
69 69 0.0
70 70 0.0
71 71 0.0
72 72 0.0
73 73 0.0
74 74 0.0
75 75 0.0
76 76 0.0
77 77 0.0
78 78 0.0
79 79 0.0
80 80 0.0



------------------------------------------------------------

VLEACH (Version 2.2, 1995)

By:
Varadhan Ravi and Jeffrey A. Johnson

(USEPA Contractors)
Center for SubsurEace Modeling Support
Robert S. Kerr Environmental Research Laboratory
U.S. EnvironmentaL Protection Agency
P.O. Box 1198
Ada, OK 74820

Based on the original VLEACH (version 1.0)
developed by CH2M Hill, Redding, California
for USEPA Region IX

------------------------------------------------------------

RMA 93-03 Chloroform Transport, First 100 years
I polygons.

Timestep = 0.10 years. Simulation length 100.00 years.
Printout every 50.00 years. Vertical profile stored every 100.00 years.
Koc 58.000 ml/g, 0.20482E-02cu.ft./g
Kh 0.17000 (dimensionless).
Aqueous solubility 7700.0 mg/l, 218.04 g/cu.ft
Free air diffusion coefficient = .85000 sq. m/day, 3339.7 sq.ft./yr

Polygon 1
Polygon I
Polygon area 1.0000 sq. ft.
80 cells, each cell 0.250 ft. thick.

Soil Properties:
Bulk density = 1.6000 g/ml, 45307. g/cu.ft.
Porosity = 0.4000 Volumetric water content = 0.2500
Organic carbon content = 0.00500000
Recharge Rate = 0.00057000 ft/yr
Conc. in recharge water = 0.16500 mg/l, 0.46723E-02g/cu.ft
Atmospheric concentration -1.0000 mg/l, -0.28317E-01g/cu.ft
Water table has a fixed concentration of 0.00000 mg/l, 0.00000

with respect to gas diffusion.



Time: 100.000 - Chloroform - 100 years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.84310E-05 0.49594E-04 0.50790E-09
2 0.14556E-05 0.85626E-05 0.87691E-10
3 0.13731B-05 0.80772E-05 0.82720E-10
4 0.13548E-05 0.79692E-05 0.81615E-10
5 0.13370E-05 0.78649E-05 0.80546E-10
G 0.13193E-05 0.77606E-05 0.79478E-10
7 0.13016E-05 0.76563E-05 0.78410E-10
8 0.12838E-05 0.75520E-05 0.77342E-10
9 0.12661E-05 0.74478E-05 0.76275E-10
10 0.12484E-05 0.73436E-05 0.7520SE-10
11 0.12307E-05 0.72395E-05 0.74141E-10
12 0.12130E-05 0.71353E-05 0.73074E-10
13 0.11953E-05 0.70312E-05 0.72008E-10
14 0.11776E-05 0.69272E-05 0.70942E-10
15 0.11599E-05 0.68231E-05 0.69877E-10
16 0.11422E-05 0.67191E-05 0.68811E-10
17 0.11246E-05 0.66151E-05 0.67746E-10
18 0.11069E-05 0.65111E-05 0.66682E-10
19 0.10892E-05 0.64072E-05 0.65617E-10
20 0.10716E-05 0.63033E-05 0.64553E-10
21 0.10539E-05 0.61994E-05 0.63489E-10
22 0.10362E-05 0.60955E-05 0.62425E-10
23 0.10186E-05 0.59917E-05 0.61362E-10
24 0.10009E-05 0.58879E-05 0.60299E-10
25 0.98329E-06 0.57841E-05 0.59236E-10
26 0.96566E-06 0.56803E-05 0.58173E-10
27 0.94802E-06 0.55766E-05 0.57111E-10
28 0.93039E-06 0.54729E-05 0.56049E-10
29 0.91277E-06 0.53692E-05 0.54987E-10
30 0.89514E-06 0.5265SE-05 0.53926E-10
31 0.87753E-06 0.51619E-05 0.52864E-10
32 0.85991E-06 0.50583E-05 0.51803E-10
33 0.84230E-06 0.49547E-05 0.50742E-10
34 0.82470E-06 0.48511E-05 0.49682E-10
35 0.80709E-06 0.47476E-05 0.48621E-10
36 0.78949E-06 0.46441E-05 0.47561E-10
37 0.77190E-06 0.45406E-05 0.46501E-10
38 0.75431E-06 0.44371E-05 0.45441E-10
39 0.73672E-06 0.43337E-05 0.44382E-10
40 0.71914E-06 0.42302E-05 0.43322E-10
41 0.70156E-06 0.41268E-05 0.42263E-10
42 0.68398E-06 0.40234E-05 0.41204E-10
43 0 66640E-06 0.39200E-05 0.40146E-10
44 0 64883E-06 0.38167E-05 0.39087E-10
45 0.63127E-06 0.37133E-05 0.38029E-10
46 0 61370E-06 0.361OOE-05 0.36971E-10
47 0.59614E-06 0.35067E-05 0.35913E-10
48 0.5785SE-06 0.34034E-05 0.34855E-10
49 0.56102E-06 0.330OIE-05 0.33797E-10
50 0.54347E-06 0.31969E-05 0.32740E-10
51 0.52592E-06 0.30936E-05 0.31683E-10
52 0.50837E-06 0.29904E-05 0.30625E-10
53 0.49082E-06 0.28872E-05 0.29568E-10



54 0.47328E-06 0.27840E-05 0.28512E-10

55 0.45574E-06 0.26808E-05 0.27455E-10

56 0.43820E-06 0.25777E-05 0.26398E-10

57 0.42066E-06 0.24745E-05 0.25342E-10

58 0.40313E-06 0.23713E-OS 0 24285E-10

59 0.38560E-06 0.22682E-05 0.23229E-10

60 0.36806E-06 0.21651E-05 0 22173E-10

61 0.35054E-06 0.20620E-05 0 21117E-10

62 0.33301E-06 0.19589E-05 0 20061E-10

63 0.31548E-06 0.18558E-05 0.19005E-10

64 0.29796E-06 0.17527E-05 0 17950E-10

65 0.28043E-06 0.16496E-05 0.16894E-10

66 0.26291E-06 0.15465E-05 0 1583SE-10

67 0.24539E-06 0.14435E-05 0.14783E-10

68 0.22787E-06 0.13404E-05 0 13727E-10

69 0.21035E-06 0.12374E-05 0 12672E-10

70 0.19283E-06 0.11343E-05 0.11617E-10

71 0.17531E-06 0.10313E-05 0.10561E-10

72 0.15780E-06 0.92822E-06 0.95061E-11

73 0.1402BE-06 0.8251SE-06 0 84508E-11

74 0.12276E-06 0.72214E-06 0.73956E-11

75 0.10525E-06 0.61911E-06 0 63404E-11

76 0.87734E-07 0.51608E-06 0 52853E-11

77 0.70218E-07 0.41305E-06 0.42301E-11

78 0.52703E-07 0.31002E-06 0 31749E-11

79 0.35188E-07 0.20699E-06 0.21198E-11

80 0.17672E-07 0.10395E-06 0 10646E-11



RMA 93-03 Chloroform Transport, 200 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.424 -1. 9.13E-06
80Y 100.0
1 1 8.10E-01
2 2 1.40E-01
3 3 1.32E-01
4 4 1.30E-01
5 5 1.28E-01
6 6 1.27E-01
7 7 1.25E-01
8 8 1.23E-01
9 9 1.22E-01

10 10 1.20E-01
11 11 1.18E-01
12 12 1.17E-01
13 13 1.15E-01
14 14 1.13E-01
15 15 I.IIE-01
16 16 1.10E-01
17 17 1.08E-01
18 18 1.06E-01
19 19 1.05E-01
20 20 1.03E-01
21 21 1.01E-01
22 22 9.96E-02
23 23 9.79E-02
24 24 9.62E-02
25 25 9.45E-02
26 26 9.28E-02
27 27 9.11E-02
28 28 8.94E-02
29 29 8.77E-02
30 30 8.60E-02
31 31 8.43E-02
32 32 8.26E-02
33 33 8.09E-02
34 34 7.92E-02
35 35 7.75E-02
36 36 7.59E-02
37 37 7.42E-02
38 38 7.25E-02
39 39 7.08E-02
40 40 6.91E-02
41 41 6.74E-02
42 42 6.57E-02
43 43 6.40E-02
44 44 6.23E-02
45 45 6.07E-02
46 46 5.90E-02
47 47 5.73E-02



48 48 5.56E-02
49 49 5.39E-02
50 50 5.22E-02
51 51 5.05E-02
52 52 4.88E-02
53 53 4.72E-02
54 54 4.5SE-02
55 55 4.38E-02
56 56 4.21E-02
57 57 4.04E-02
58 58 3.87E-02
59 59 3.70E-02
60 60 3.54E-02
61 61 3.37E-02
62 62 3.20E-02
63 63 3.03E-02
64 64 2.86E-02
65 65 2.69E-02
66 66 2.53E-02
67 67 2.36E-02
68 68 2.19E-02
69 69 2.02E-02
70 70 1.85E-02
71 71 1.68E-02
72 72 1.52E-02
73 73 1.35E-02
74 74 1.18E-02
75 75 1. OIE- 02
76 76 8.43E-03
77 77 6.75E-03
78 78 5.06E-03
79 79 3.38E-03
80 80 1.70E-03



Time: 100.000 - Chloroform - 200 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.21722E-04 0.12777E-03 0.13086E-08
2 0.37976E-05 0.22339E-04 0.22878E-09
3 0.35855E-05 0.21091E-04 0.216OOE-09
4 0.35384E-05 0.20814E-04 0.21316E-09
5 0.34928E-05 0.20546E-04 0.2104IB-09
6 0.34472E-05 0.20278E-04 0.20767E-09
7 0.34016E-05 0.20009E-04 0.20492E-09
8 0.33560E-05 0.19741E-04 0.20218E-09
9 0.33105E-05 0.19473E-04 0.19943E-09

10 0.32649E-05 0.19205E-04 0.19669E-09
11 0.32194E-05 0.18937E-04 0.19394E-09
12 0.3173SE-05 0.18669E-04 0.19120E-09
13 0.31283E-05 0.18402E-04 0.18845E-09
14 0.30827E-05 0.18134E-04 0.18571E-09
15 0.30372E-05 0.17866E-04 0.18297E-09
16 0.29917E-05 0.17598E-04 0.18023E-09
17 0.29462E-05 0.17331E-04 0.17749E-09
18 0.29007E-05 0.17063E-04 0.17474E-09
19 0.28552E-05 0.16795E-04 0.17200E-09
20 0.28097E-05 0.16528E-04 0.16926E-09
21 0.27642E-05 0.16260E-04 0.16652E-09
22 0.27188E-05 0.15993E-04 0.16378E-09
23 0.26733E-05 0.15725E-04 0.16105E-09
24 0.26278E-05 0.1545BE-04 0.15831E-09
25 0.25824E-05 0.15191E-04 0.15557E-09
26 0.25369E-05 0.14923E-04 0.15283E-09
27 0.24915E-05 0.14656E-04 0.15009E-09
28 0.24461E-05 0.14389E-04 0.14736E-09
29 0.24006E-05 0.14121E-04 0.14462E-09
30 0.23552E-05 0.13854E-04 0.14188E-09
31 0.2309SE-05 0.13587E-04 0.13915E-09
32 0.22644E-05 0.13320E-04 0.13641E-09
33 0.2219DE-05 0.13053E-04 0.13368E-09
34 0.21736E-05 0.12786E-04 0.13094E-09
35 0.21282E-05 0.12519E-04 0.12821E-09
36 0.20828E-05 0.12252E-04 0.12547E-09
37 0.2037SE-05 0.11985E-04 0.12274E-09
38 0.19921E-05 0.11718E-04 0.12001E-09
39 0.19467E-05 0.11451E-04 0.11727E-09
40 0.19014E-05 0.11184E-04 0.11454E-09
41 0.18560E-05 0.1091SE-04 0.11181E-09
42 0.18106E-05 0.10651E-04 0.10908E-09
43 0.17653E-05 0.10384E-04 0.10635E-09
44 0.17200E-05 0.10117E-04 0.10361E-09
45 0.16746E-05 0.98507E-05 0.10088E-09
46 0.16293E-05 0.95840E-05 0.98152E-10
47 0.15840E-05 0.93174E-05 0.95421E-10
48 0.15386E-05 0-90507E-05 0.92690E-10
4-9 0.14933E-05 0.87841E-05 0.899GOE-10
50 0.144SOE-05 0.85176E-05 0.87230E-10
51 0.14027E-05 0.825IOE-05 0.845OOE-10
52 0.13574E-05 0.7984SE-05 0.81771E-10
53 0.13121E-05 0.77180E-05 0.79042E-10



54 0.1266SE-05 0.74515E-05 0.76313E-10

55 0.12215E-05 0.71851E-05 0.73584E-10
56 0.11762E-05 0.69186E-05 0.70855E-10
57 0.11309E-05 0.66522E-05 0.68126E-10
58 0.10856E-05 0.63858E-05 0.65398E-10
59 0.10403E-05 0.61194E-05 0.62670E-10
60 0-99501E-06 0.58530E-05 0.59942E-10
61 0.94973E-06 0.55866E-05 0.57214E-10
62 0.90445E-06 0.53203E-05 0.54486E-10
63 0.85917E-06 0.50540E-05 0.51759E-10
64 0.81390E-06 0.47876E-05 0.49031E-10
65 0.76862E-06 0.45213E-05 0.46304E-10
66 0.72335E-06 0.42550E-05 0.43576E-10
67 0.67808E-06 0.39887E-05 0.40849E-10
68 0.63281E-06 0.37224E-05 0.38122E-10
69 0.58754E-06 0.34561E-05 0.35395E-10
70 0.54228E-06 0.31899E-05 0.32668E-10
71 0.49701E-06 0.29236E-05 0.29941E-10
72 0.45174E-06 0.26573E-05 0.27214E-10
73 0.40648E-06 0.23911E-05 0.24487E-10
74 0.36121E-06 0.21248E-05 0.21760E-10
75 0.3159SE-06 0.18585E-05 0.19034E-10
76 0.27068E-06 0.15923E-05 0.16307E-10
77 0.22542E-06 0.13260E-05 0.13580E-10
78 0.18015E-06 0.10597E-05 0.10853E-10
79 0.13489E-06 0.79346E-06 0.81260E-11
80 0.89622E-07 0.52719E-06 0.53991E-11



RMA 93-03 Chloroform Transport, 300 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.5'38 -1. 3.27E-05
80y 100.0
1 1 2.09E+00
2 2 3.65E-01
3 3 3.44E-01
4 4 3.40E-01
5 5 3.36E-01
6 6 3.31E-01
7 7 3.27E-01
8 8 3.22E-01
9 9 3.18E-01

10 10 3.14E-01
11 11 3.09E-01
12 12 3.05E-01
13 13 3.01E-01
14 14 2.96E-01
is 15 2.92E-01
16 16 2.87E-01
17 17 2.83E-01
18 18 2.79E-01
19 19 2.74E-01
20 20 2.70E-01
21 21 2.66E-01
22 22 2.61E-01
23 23 2.57E-01
24 24 2.52E-01
25 25 2.48E-01
26 26 2.44E-01
27 27 2.39E-01
28 28 2.35E-01
29 29 2.31E-01
30 30 2.26E-01
31 31 2.22E-01
32 32 2.18E-01
33 33 2.13E-01
34 34 2.09E-01
35 35 2.04E-01
36 36 2.OOE-01
37 37 1.96E-01
38 38 1.91E-01
39 39 1.87E-01
40 40 1.83E-01
41 41 1.78E-01
42 42 1.74E-01
43 43 1.70E-01
44 44 1.65E-01
45 45 1.61E-01
46 46 1.57E-01
47 47 1.52E-01



48 48 1.48E-01
49 49 1.43E-01
50 50 1.39E-01
51 51 1.35E-01
52 52 1.30E-01
53 53 1.26E-01
54 54 1-22E-01
55 55 1.17E-01
56 56 1.13E-01
57 57 1.09E-01
58 58 1.04E-01
59 59 1.OOE-01
60 60 9.56E-02
61 61 9.12E-02
62 62 8.69E-02
63 63 8.25E-02
64 64 7.82E-02
65 65 7.38E-02
66 66 6.95E-02
67 67 6.51E-02
68 68 6.08E-02
69 69 5.65E-02
70 70 5.21E-02
71 71 4.78E-02
72 72 4.34E-02
73 73 3.91E-02
74 74 3.47E-02
75 75 3.04E-02
76 76 2.60E-02
77 77 2.17E-02
78 78 1.73E-02
79 79 1-30E-02
80 80 8.61E-03



Time: 100.000 - Chloroform - 300 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.27680E-04 0.16282E-03 0.1667SE-08
2 0.49374E-05 0.29044E-04 0.29744E-09
3 0.46683E-05 0.27461E-04 0.28123E-09
4 0.4608SE-05 0.27109E-04 0.27763E-09
5 0.45506E-05 0.26768E-04 0.27414E-09
6 0.44927E-05 0.26428E-04 0.27065E-09
7 0.44348E-05 0.26087E-04 0.26717E-09
8 0.43770E-05 0.25747E-04 0.26368E-09
9 0.43191E-05 0.25406E-04 0.26019E-09

10 0.42612E-05 0.25066E-04 0.25671E-09
11 0.42034E-05 0.24726E-04 0.25322E-09
12 0.41455E-05 0.24385E-04 0.24974E-09
13 0.40877E-05 0.24045E-04 0.24625E-09
14 0.40298E-05 0.23705E-04 0.24276E-09
15 0.39720E-05 0.23364E-04 0.2392BE-09
16 0.39141E-05 0.23024E-04 0.23580E-09
17 0.38563E-05 0.22684E-04 0.23231E-09
18 0.37984E-05 0.22344E-04 0.22883E-09
19 0.37406E-05 0.22003E-04 0.22534E-09
20 0.36827E-05 0.21663E-04 0.22186E-09
21 0.36249E-05 0.21323E-04 0.21837E-09
22 0.35671E-05 0.20983E-04 0.21489E-09
23 0.35093E-05 0.20643E-04 0.21141E-09
24 0.34514E-05 0.20303E-04 0.20792E-09
25 0.33936E-05 0.19962E-04 0.20444E-09
26 0.33358E-05 0.19622E-04 0.20096E-09
27 0.32780E-05 0.19282E-04 0.19747E-09
28 0.32201E-05 0.18942E-04 0-19399E-09
29 0.31623E-05 0.18602E-04 0.19051E-09
30 0.31045E-05 0.18262E-04 0.18702E-09
31 0.30467E-05 0.17922E-04 0.18354E-09
32 0.29889E-05 0.17582E-04 0.18006E-09
33 0.29311E-05 0.17242E-04 0.1765SE-09
34 0.28733E-05 0.16902E-04 0.17309E-09
35 0.28155E-05 0.16562E-04 0.16961E-09
36 0.27577E-05 0.16222E-04 0.16613E-09
37 0.26999E-05 0.15882E-04 0.16265E-09
38 0.26421E-05 0.15542E-04 0.15917E-09
39 0.25843E-05 0.15202E-04 0-15569E-09
40 0.25265E-05 0.14862E-04 0.15220E-09
41 0.24688E-05 0.14522E-04 0.14872E-09
42 0.24110E-05 0.14182E-04 0.14524E-09
43 0.23532E-05 0.13842E-04 0.14176E-09
44 0.22954E-05 0.13502E-04 0.13828E-09
45 0.22376E-05 0.13162E-04 0.134BOE-09
46 0.21798E-05 0.12823E-04 0.13132E-09
47 0.21221E-05 0.12483E-04 0.12784E-09
48 0.20643E-05 0.12143E-04 0.12436E-09
49 0.20065E-05 0.11803E-04 0.12088E-09
50 0.19487E-05 0.11463E-04 0.11740E-09
51 0.18910E-05 0.11123E-04 0-11392E-09
52 0.18332E-05 0.10783E-04 0.11044E-09
53 0.17754E-05 0.10444E-04 0.10696E-09



54 0.17176E-05 0.10104E-04 0.10348E-09

55 0.16599E-05 0.97640E-05 0.99995E-10

56 0.16021E-05 0.94242E-05 0.9651SE-10
57 0.15443E-05 0.90844E-05 0.93035E-10

58 0.14866E-05 0.87446E-65 0.8955SE-10

59 0.1428SE-05 0.8404SE-05 0.86075E-10

60 0.13710E-05 0.806SOE-05 0.82595E-10

61 0.13133E-05 0.77252E-05 0.79115E-10

62 0.12555E-05 0.73854E-05 0.7563BE-10
63 0.11977E-05 0.70456E-05 0.7215SE-10
64 0.11400E-05 0.67058E-05 0.68675E-10

65 0.10822E-05 0.63660E-05 0.65195E-10
66 0.10245E-05 0.60262E-05 0.61715E-10
67 0.96669E-06 0.56864E-05 0.58235E-10
68 0.90892E-06 0.53466E-05 0.54756E-10
69 0.85116E-06 0.50068E-05 0.51276E-10
70 0.79339E-06 0.46670E-05 0.47796E-10
71 0.73563E-06 0.43272E-05 0.4431GE-10
72 0.67786E-06 0.39874E-05 0.40836E-10
73 0.62009E-06 0.36476E-05 0.37356E-10
74 0.56233E-06 0.33078E-05 0.33876E-10
75 0.50456E-06 0.29680E-05 0.30396E-10
76 0.44679E-06 0.26282E-05 0.26916E-10
77 0.38902E-06 0.22884E-05 0.23435E-10
78 0.33125E-06 0.19485E-05 0.19955E-10
79 0.27348E-06 0.16087E-05 0.16475E-10
80 0.21570E-06 0.12689E-05 0.12995E-10



RMA 93-03 Chloroform Transport, 400 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.604 -1. 6.28E-05
BOY 100.0
1 1 2.66E+00
2 2 4.74E-01
3 3 4.49E-01
4 4 4.43E-01
5 5 4.37E-01
6 6 4.32E-01
7 7 4.26E-01
8 8 4.21E-01
9 9 4.15E-01
10 10 4.09E-01
11 11 4.04E-01
12 12 3.98E-01
13 13 3.93E-01
14 14 3.87E-01
15 15 3.82E-01
16 16 3.76E-01
17 17 3.71E-01
18 18 3.65E-01
19 19 3.59E-01
20 20 3.54E-01
21 21 3.48E-01
22 22 3.43E-01
23 23 3.37E-01
24 24 3.32E-01
25 25 3.26E-01
26 26 3.20E-01
27 27 3.15E-01
28 28 3.09E-01
29 29 3.04E-01
30 30 2.98E-01
31 31 2.93E-01
32 32 2.87E-01
33 33 2.82E-01
34 34 2.76E-01
35 35 2.71E-01
36 36 2.65E-01
37 37 2.59E-01
38 38 2.54E-01
39 39 2.48E-01
40 40 2.43E-01
41 41 2.37E-01
42 42 2.32E-01
43 43 2.26E-01
44 44 2.21E-01
45 45 2.15E-01
46 46 2.09E-01
47 47 2.04E-01



48 48 1.98E-01
49 49 1.93E-01
50 50 1.87E-01
51 51 1.82E-01
52 52 1.76E-01
53 53 1. 71E- 01
54 54 1.65E-01
55 55 1.59E-01
56 56 1.54E-01
57 57 1.48E-01
58 58 1.43E-01
59 59 1.37E-01
60 60 1.32E-01
61 61 1.26E-01
62 62 1.21E-01
63 63 1.15E-01
64 64 1.10E-01
65 65 1.04E-01
66 66 9.84E-02
67 67 9.29E-02
68 68 8.73E-02
69 69 8.18E-02
70 70 7.62E-02
71 71 7. 07E- 02
72 72 6.51E-02
73 73 5.96E-02
74 74 5.40E-02
75 75 4.85E-02
76 76 4.29E-02
77 77 3.74E-02
78 78 3.18E-02
79 79 2.63E-02
80 80 2.07E-02



Time: 100.000 - Chloroform - 400 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.3120BE-04 0.18356E-03 0.18798E-08
2 0.56736E-05 0.33374E-04 0.34179E-09
3 0.5371SE-05 0.31597E-04 0.32359E-09
4 0.53044E-05 0.31202E-04 0.31955E-09
5 0.52393E-05 0.30820E-04 0.31563E-09
6 0.51744E-05 0.30437E-04 0.31172E-09
7 0.51094E-05 0.30055E-04 0.30780E-09
8 0.50444E-05 0.29673E-04 0.30389E-09
9 0.49794E-05 0.29291E-04 0.29997E-09

10 0.49144E-05 0.28908E-04 0.29606E-09
11 0.48495E-05 0.28526E-04 0.29214E-09
12 0.47845E-05 0.28144E-04 0.28823E-09
13 0.4719SE-05 0.27762E-04 0.28431E-09
14 0.46545E-05 0.27380E-04 0.28040E-09
15 0.45896E-05 0.26997E-04 0.27649E-09
16 0.45246E-05 0.2661SE-04 0.27257E-09
17 0.44596E-05 0.26233E-04 0.26866E-09
18 0.43947E-05 0.25851E-04 0.26474E-09
19 0.43297E-05 0.25469E-04 0.26083E-09
20 0.42647E-05 0.25087E-04 0.25692E-09
21 0.41998E-05 0.24705E-04 0.253OOE-09
22 0.41348E-05 0.24322E-04 0.24909E-09
23 0.4069BE-05 0.23940E-04 0.24518E-09
24 0.40049E-05 0.23558E-04 0.2412GE-09
25 0.39399E-05 0.23176E-04 0.23735E-09
26 0.38750E-05 0.22794E-04 0.23344E-09
27 0.381OOE-05 0.22412E-04 0.22952E-09
28 0.374SIE-05 0.22030E-04 0.22561E-09
29 0.36801E-05 0.21648E-04 0.22170E-09
30 0.361SIE-05 0.21266E-04 0.21778E-09
31 0.35502E-05 0.20883E-04 0.21387E-09
32 0.34852E-05 0.20501E-04 0.20996E-09
33 0.34203E-05 0.20119E-04 0.20605E-09
34 0.33553E-05 0.19737E-04 0.20213E-09
35 0.32904E-05 0.19355E-04 0.19822E-09
36 0.32254E-05 0.18973E-04 0.19431E-09
37 0.31605E-05 0.18591E-04 0.19040E-09
38 0.30955E-05 0.18209E-04 0.18648E-09
39 0.30306E-05 0.17827E-04 0.18257E-09
40 0.29657E-05 0.17445E-04 0.17866E-09
41 0.29007E-05 0.17063E-04 0.17475E-09
42 0.28358E-05 0.16681E-04 0.17083E-09
43 0.2770BE-05 0.16299E-04 0.16692E-09
44 0.27059E-05 0.15917E-04 0.16301E-09
45 0.26409E-05 0.1553SE-04 0.15910E-09
46 0.25760E-05 0.15153E-04 0.15518E-09
47 0.25111E-05 0.14771E-04 0.15127E-09
48 0.24461E-05 0.14389E-04 0.14736E-09
49 0.23812E-05 0.14007E-04 0.1434SE-09
50 0.23162E-05 0.13625E-04 0.13954E-09
51 0.22513E-05 0.13243E-04 0.13562E-09
52 0.21863E-05 0.12861E-04 0.13171E-09
53 0.21214E-05 0.12479E-04 0.12780E-09



54 0.20565E-05 0.12097E-04 0.12389E-09
55 0.19915E-05 0.1171SE-04 0.11997E-09
56 0.19266E-05 0.11333E-04 0.11606E-09
57 0.18616E-05 0.10951E-04 0.11215E-09
58 0.17967E-05 0.10569E-0% 0.10824E-09
59 0.1731SE-05 0.10187E-04 0.10433E-09
60 0.1666SE-05 0.9804SE-05 0.10041E-09
61 0.16019E-05 0.9422BE-05 0.965OIE-10
62 0.15369E-05 0.9040SE-05 0.92589E-10
63 0.14720E-05 0.8658BE-05 0.88676E-10
64 0.14070E-05 0.82768E-05 0.84764E-10
65 0.13421E-05 0.78947E-05 0.80852E-10
66 0.12772E-05 0.75127E-05 0.76939E-10
67 0.12122E-05 0.71307E-05 0.73027E-10
68 0.11473E-05 0.67487E-05 0.69114E-10
69 0.10823E-05 0.63666E-05 0.65202E-10
70 0.10174E-05 0.59846E-05 0.61289E-10
71 0.95243E-06 0.56025E-05 0.57377E-10
72 0.88748E-06 0.52205E-05 0.53464E-10
73 0.82253E-06 0.48384E-05 0.49551E-10
74 0.75758E-06 0.44564E-05 0.45638E-10
75 0.69263E-06 0.40743E-05 0.41726E-10
76 0.62768E-06 0.36922E-05 0.37813E-10
77 0.56272E-06 0.331OIE-05 0.33900E-10
78 0.49777E-06 0.292SOE-05 0.29987E-10
79 0.432BIE-06 0.25459E-05 0.26074E-10
80 0.3678SE-06 0.21638E-05 0.22160E-10



RMA 93-03 Chloroform Transport, 500 years
I

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .2s .005
648 -1. 9.66E-05

80Y 100.0
1 1 3.OOE+00
2 2 5.45E-01
3 3 5.16E-01
4 4 5.10E-01
5 5 5.03E-01
6 6 4.97E-01
7 7 4.91E-01
8 8 4.85E-01
9 9 4.78E-01
10 10 4.72E-01
11 11 4.66E-01
12 12 4.60E-01
13 13 4.53E-01
14 14 4.47E-01
is 15 4.41E-01
16 16 4.35E-01
17 17 4.28E-01
18 18 4.22E-01
19 19 4.16E-01
20 20 4.10E-01
21 21 4.04E-01
22 22 3.97E-01
23 23 3.91E-01
24 24 3.85E-01
25 25 3.79E-01
26 26 3.72E-01
27 27 3.66E-01
28 28 3.60E-01
29 29 3.54E-01
30 30 3.47E-01
31 31 3.41E-01
32 32 3.35E-01
33 33 3.29E-01
34 34 3.22E-01
35 35 3.16E-01
36 36 3.10E-01
37 37 3.04E-01
38 38 2.97E-01
39 39 2.91E-01
40 40 2.85E-01
41 41 2.79E-01
42 42 2.72E-01
43 43 2.66E-01
44 44 2.60E-01
45 45 2.54E-01
46 46 2.48E-01
47 47 2.41E-01



48 48 2.35E-01
49 49 2.29E-01
so 50 2.23E-01
51 51 2.16E-01
52 52 2.10E-01
53 53 2.04E-01
54 54 1.98E-01
55 55 1.91E-01
56 56 1.85E-01
57 57 1.79E-01
58 58 1.73E-01
59 59 1.66E-01
60 60 1.60E-01
61 61 1.54E-01
62 62 1.48E-01
63 63 1.41E-01
64 64 1.35E-01
65 65 1.29E-01
66 66 1.23E-01
67 67 1.16E-01
68 68 1.10E-01
69 69 1.04E-01
70 70 9.77E-02
71 71 9.15E-02
72 72 8.53E-02
73 73 7.90E-02
74 74 7.28E-02
75 75 6.65E-02
76 76 6.03E-02
77 77 5.41E-02
78 78 4.78E-02
79 79 4.16E-02
80 80 3.53E-02



Time: 100.000 - Chloroform - 500 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) CS01(g/g)

I 0.33619E-04 0.19776E-03 0.20253E-08
2 0.62296E-05 0.36644E-04 0.37528E-09
3 0.59055E-05 0.34738E-04 0.35576E-09
4 0.58334E-05 0.34314E-04 0.35142E-09
5 0.57637E-05 0.33904E-04 0.34722E-09
6 0.56940B-05 0.33494E-04 0.34302E-09
7 0.56242E-05 0.33084E-04 0.33882E-09
8 0.55545E-05 0.32674E-04 0.33462E-09
9 0.54848E-05 0.32264E-04 0.33042E-09

10 0.54151E-05 0.31853E-04 0.32622E-09
11 0.53454E-05 0.31443E-04 0.32202E-09
12 0.52757E-05 0.31033E-04 0.31782E-09
13 0.52059B-05 0.30623E-04 0.31362E-09
14 0.51362E-05 0.30213E-04 0.30942E-09
15 0.50665E-05 0.29803E-04 0.30522E-09
16 0.49968E-05 0.29393E-04 0.30102E-09
17 0.49271E-05 0.28983E-04 0.29682E-09
18 0.48574E-05 0.28573E-04 0.29262E-09
19 0.47877E-05 0.28163E-04 0.28842E-09
20 0.4718OH-05 0.27753E-04 0.28422E-09
21 0.46483E-05 0.27343E-04 0.28002E-09
22 0.45785E-05 0.26933E-04 0.27582E-09
23 0.45088E-05 0.26523E-04 0.27162E-09
24 0.44391E-05 0.26112E-04 0.26742E-09
25 0.43694E-05 0.25702E-04 0.26322E-09
26 0.42997E-05 0.25292E-04 0.25902E-09
27 0.423OOE-05 0.24882E-04 0.25483E-09
28 0.41603E-05 0.24472E-04 0.25063E-09
29 0.40906E-05 0.24062E-04 0.24643E-09
30 0.40209E-05 0.23652E-04 0.24223E-09
31 0.39512E-05 0.23242E-04 0.23803E-09
32 0.38815E-05 0.22832E-04 0.23383E-09
33 0.38118E-05 0.22422E-04 0.22963E-09
34 0.37421E-05 0.22012E-04 0.22543E-09
35 0.36724E-05 0.21602E-04 0.22123E-09
36 0.36027E-05 0.21192E-04 0.21703E-09
37 0.35330E-05 0.20782E-04 0.21283E-09
38 0.34633E-05 0.20372E-04 0.20863E-09
39 0.33936E-05 0.19962E-04 0.20444E-09
40 0.33238E-05 0.19552E-04 0.20024E-09
41 0.32541E-05 0.19142E-04 0.19604E-09
42 0.31844E-05 0.18732E-04 0.19184E-09
43 0.31147E-05 0.18322E-04 0.18764E-09
44 0.30450E-05 0.17912E-04 0.18344E-09
45 0.29753E-05 0.17502E-04 0.17924E-09
46 0.29056E-05 0.17092E-04 0.17504E-09
47 0.28359E-05 0.16682E-04 0.17084E-09
48 0.27662E-05 0.16272E-04 0.16664E-09
49 0.26965E-05 0.15862E-04 0.16244E-09
50 0.26268E-05 0.15452E-04 0.1582SE-09
51 0.25571E-05 0.15042E-04 0.15405E-09
52 0.24874E-05 0.14632E-04 0.14985E-09
53 0.24-177E-05 0.14222E-04 0.14565E-09



54 0.23480E-05 0.13812E-04 0.14145E-09
55 0.22783E-05 0.13402E-04 0.13725E-09
56 0.22086E-05 0.12992E-04 0.13305E-09
57 0.21389E-05 0.12582E-04 0.12885E-09

58 0.20692E-05 0.12172E-Ot 0.12465E-09

59 0.19995E-05 0.11762E-04 0.12045E-09
60 0.19297E-05 0.11351E-04 0.11625E-09
61 0.18600E-05 0.10941E-04 0.1120SE-09
62 0.17903E-05 0.10531E-04 0.10785E-09
63 0.17206E-05 0.10121E-04 0.10365E-09
64 0.16509E-05 0.97112E-05 0.99454E-10
65 0.15812E-05 0.93011E-05 0.95255E-10
66 0.1511SE-05 0.88911E-05 0.91055E-10
67 0.14418E-05 0.84810E-05 0.86855E-10
68 0.13721E-05 0.80709E-05 0.82656E-10
69 0.13023E-05 0.76608E-05 0.78456E-10
70 0.12326E-05 0.72507E-05 0 74256E-10
71 0.11629E-05 0.68406E-05 0.70056E-10
72 0.10932E-05 0.64305E-05 0 65856E-10
73 0.10235E-05 0.60203E-05 0.61656E-10
74 0.95374E-06 0.56102E-05 0 57455E-10
75 0.88401E-06 0.52001E-05 0 53255E-10
76 0.81429E-06 0.47899E-05 0 49055E-10
77 0.74456E-06 0.43798E-05 0.44854E-10
78 0.67484E-06 0.39696E-05 0.40654E-10
79 0.605IIE-06 0.35595E-05 0 36453E-10
80 0.53538E-06 0.31493E-05 0 32252E-10



RMA 93-03 Chloroform Transport, 600 years
I

0.1 100. so. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.681 -1. 1.33E-04
80y 100.0
1 1 3.23E+00
2 2 5.99E-01
3 3 5.67E-01
4 4 5.60E-01
5 5 5.54E-01
6 6 5.47E-01
7 7 5.40E-01
8 8 5.34E-01
9 9 5.27E-01

10 10 5.20E-01
11 11 5.14E-01
12 12 5.07E-01
13 13 5.OOE-01
14 14 4.93E-01
15 15 4.87E-01
16 16 4.80E-01
17 17 4.73E-01
18 18 4.67E-01
19 19 4.60E-01
20 20 4.53E-01
21 21 4.47E-01
22 22 4.40E-01
23 23 4.33E-01
24 24 4.27E-01
25 25 4.20E-01
26 26 4.13E-01
27 27 4.06R-01
28 28 4.OOE-01
29 29 3.93E-01
30 30 3.86E-01
31 31 3.80E-01
32 32 3.73E-01
33 33 3.66E-01
34 34 3.60E-01
35 35 3.53E-01
36 36 3.46E-01
37 37 3.39E-01
38 38 3.33E-01
39 39 3.26E-01
40 40 3.19E-01
41 41 3.13E-01
42 42 3.06E-01
43 43 2.99E-01
44 44 2.93E-01
45 45 2.86E-01
46 46 2.79E-01
47 47 2.72E-01



48 48 2.66E-01
49 49 2.59E-01
50 50 2.52E-01
51 51 2.46E-01
52 52 2.39E-01
53 53 2.32E-01
54 S4 2.26E-01
55 55 2.19E-01
56 56 2.12E-01
57 57 2.06E-01
58 58 1.99E-01
59 59 1.92E-01
60 60 1.85E-01
61 61 1.79E-01
62 62 1.72E-01
63 63 1.65E-01
64 64 1.59E-01
65 65 1.52E-01
66 66 1.45E-01
67 67 1.39E-01
68 68 1.32E-01
69 69 1.25E-01
70 70 1.18E-01
71 71 1.12E-01
72 72 I.OSE-01
73 73 9.83E-02
74 74 9.16E-02
75 75 8.49E-02
76 76 7.82E-02
77 77 7.15E-02
78 78 6.48E-02
79 79 5.81E-02
80 80 5.14E-02



T:Lme: 100.000 - Chloroform - 600 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.35482E-04 0.20872E-03 0.2137SE-08
2 0.66991E-05 0.39407E-04 0.40357E-09
3 0.63586E-05 0.37403E-04 0.38306E-09
4 0.62828E-05 0.36958E-04 0.37849E-09
5 0.62095E-05 0.36527E-04 0.37408E-09
6 0.6136BE-05 0.36096E-04 0.36966E-09
7 0.60630E-05 0.3566SE-04 0.36525E-09
8 0.59897E-05 0.35234E-04 0.36084E-09
9 0.59165E-05 0.34803E-04 0.35642E-09

10 0.58432E-05 0.34372E-04 0.352OIE-09
11 0.57699E-05 0.33941E-04 0.34759E-09
12 0.56967E-05 0.335IOE-04 0.34318E-09
13 0.56234E-05 0.33079E-04 0.33877E-09
14 0.55501E-05 0.32648E-04 0.3343SE-09
15 0.54769E-05 0.32217E-04 0.32994E-09
16 0.54036E-05 0.31786E-04 0.32553E-09
17 0.53304E-05 0.31355E-04 0.32111E-09
18 0.52571E-05 0.30924E-04 0.31670E-09
19 0.51838E-05 0.30493E-04 0.31229E-09
20 0.51106E-05 0.30062E-04 0.30787E-09
21 0.50373E-05 0.29631E-04 0.30346E-09
22 0.49640E-05 0.29200E-04 0.29904E-09
23 0.48908E-05 0.28769E-04 0.29463E-09
24 0.48175E-05 0.28338E-04 0.29022E-09
25 0.47442E-05 0.27907E-04 0.28580E-09
26 0.46710E-05 0.27476E-04 0.28139E-09
27 0.45977E-05 0.27045E-04 0.27698E-09
28 0.45244E-05 0.26614E-04 0.27256E-09
29 0.44512E-05 0.26183E-04 0.26815E-09
30 0.43779E-05 0.25752E-04 0.26374E-09
31 0.43047E-05 0.25322E-04 0.25932E-09
32 0.42314E-05 0.24891E-04 0.25491E-09
33 0.41581E-05 0.24460E-04 0.25050E-09
34 0.40849E-05 0.24029E-04 0.24608E-09
35 0.40116E-05 0.23598E-04 0.24167E-09
36 0.39383E-05 0.23167E-04 0.23726E-09
37 0.38651E-05 0.22736E-04 0.23284E-09
38 0.37918E-05 0.22305E-04 0.22843E-09
39 0.37186E-05 0.21874E-04 0.22401E-09
40 0.36453E-05 0.21443E-04 0.21960E-09
41 0.35720E-05 0.21012E-04 0.21519E-09
42 0.34988E-05 0.20581E-04 0.21077E-09
43 0.34255E-05 0.20150E-04 0.20636E-09
44 0.33522E-05 0.19719E-04 0.20195E-09
45 0.32790E-05 0.19288E-04 0.19753E-09
46 0.32057E-05 0.18857E-04 0.19312E-09
47 0.31324E-05 0.18426E-04 0.18871E-09
48 0.30592E-05 0.17995E-04 0.18429E-09
49 0.29859E-05 0.17564E-04 0.17988E-09
50 0.29126E-05 0.17133E-04 0.17546E-09
51 0.28394E-05 0.16702E-04 0.17105E-09
52 0.27661E-05 0.16271E-04 0.16664E-09
53 0.26928E-05 0.15840E-04 0.16222E-09



54 0.26196E-05 0.15409E-04 0.157SIE-09

55 0.25463E-05 0.14978E-04 0.15339E-09

56 0.24730E-05 0.14547E-04 0.14898E-09

57 0.23997E-05 0.14116E-04 0.14457E-09

58 0.23265E-05 0.1368SE-A 0.14015E-09

59 0.22532E-05 0.13254E-04 0.13574E-09

60 0.21799E-05 0.12823E-04 0.13132E-09

61 0.21066E-05 0.12392E-04 0.12691E-09

62 0.20334E-05 0.11961E-04 0.12250E-09

63 0.19601E-05 0.11530R-04 0.1180SE-09

64 0.18868E-05 0.11099E-04 0.11367E-09

65 0.18135E-05 0.10668E-04 0.10925E-09

66 0.17403E-05 0.10237E-04 0.10484E-09

67 0.16670E-05 0.98057E-05 0.10042E-09

68 0.15937E-05 0.93747E-05 0.9600BE-10

69 0.15204E-05 0.89436E-05 0.91593E-10

70 0.14471E-05 0.85125E-05 0.87178E-10

71 0.13738E-05 0.80814E-05 0.82763E-10

72 0.13006E-05 0.76503E-05 0.7834SE-10

73 0.12273E-05 0.72192E-05 0.73933E-10

74 0.11540E-05 0.67881E-05 0.69518E-10

75 0.10807E-05 0.63569E-05 0.65103E-10

76 0.10074E-05 0.59258E-05 0.60687E-10

77 0.93409E-06 0.54947E-05 0.56272E-10

78 0.860SOE-06 0.50635E-05 0.51857E-10

79 0.78750E-06 0.46324E-05 0.47441E-10

80 0.71420E-06 0.42012E-05 0.43025E-10



RMA 93-03 Chloroform Transport, 700 years
1

0.1 100. so. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.706 -1. 1.71E-04
80y 100.0
1 1 3.41E+00
2 2 6.44E-01
3 3 6.11E-01
4 4 6.04E-01
5 5 5.97E-01
6 6 5.90E-01
7 7 5.83E-01
8 8 5.75E-01
9 9 5.68E-01
10 10 5.61E-01
11 11 5.54E-01
12 12 5.47E-01
13 13 5.40E-01
14 14 5.33E-01
15 15 5.26E-01
16 16 5.19E-01
17 17 5.12E-01
18 18 5.05E-01
19 19 4.98E-01
20 20 4.91E-01
21 21 4.84E-01
22 22 4.77E-01
23 23 4.70E-01
24 24 4.63E-01
25 25 4.56E-01
26 26 4.49E-01
27 27 4.42E-01
28 28 4.35E-01
29 29 4.28E-01
30 30 4.21E-01
31 31 4.14E-01
32 32 4.07E-01
33 33 4.OOE-01
34 34 3.92E-01
35 35 3.85E-01
36 36 3.78E-01
37 37 3.71E-01
38 38 3.64E-01
39 39 3.57E-01
40 40 3.50E-01
41 41 3.43E-01
42 42 3.36E-01
43 43 3.29E-01
44 44 3.22E-01
45 45 3.15E-01
46 46 3.08E-01
47 47 3.01E-01



48 48 2.94E-01
49 49 2.87E-01
50 50 2.80E-01
51 51 2.73E-01
52 52 2.66E-01
53 53 2.59E-01
54 54 2.52E-01
55 55 2.45E-01
56 56 2.38E-01
57 57 2.31E-01
58 58 2.24E-01
59 59 2.16E-01
60 60 2.09E-01
61 61 2. 02E - 01
62 62 1. 9SE- 01
63 63 1.88E-01
64 64 1. 81E- 01
65 65 1. 74E- 01
66 66 1. 67E- 01
67 67 1. 60E- 01
68 68 1.53E-01
69 69 1.46E-01
70 70 1.39E-01
71 71 1. 32E- 01
72 72 1.25E-01
73 73 1.18E-01
74 74 1. 11E- 01
75 75 1.04E-01
76 76 9.68E-02
77 77 8.97E-02
78 78 8.27E-02
79 79 7.57E-02
80 80 6.86E-02



Time: 100.000 - Chloroform - 700 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.36943E-04 0.21731E-03 0.22256E-08
2 0.71050E-05 0.41794E-04 0.42802E-09
3 0.67519E-05 0.39717E-04 0.40675E-09
4 0.66734E-05 0.39255E-04 0.40202E-09
5 0.65974E-05 0.38808E-04 0.39744E-09
6 0.65215E-05 0.38362E-04 0.39287E-09
7 0.64455E-05 0.37915E-04 0.38829E-09
8 0.63696E-05 0.37468E-04 0.38372E-09
9 0.62936E-05 0.37021E-04 0.37914E-09
10 0.62177E-05 0.36574E-04 0.37457E-09
11 0.61417E-05 0.36128E-04 0.36999E-09
12 0.60657E-05 0.35681E-04 0.36541E-09
13 0.59898E-05 0.35234E-04 0.36084E-09
14 0.59138E-05 0.34787E-04 0.35626E-09
15 0.58379E-05 0.34340E-04 0.35169E-09
16 0.57619E-05 0.33894E-04 0.34711E-09
17 0.56860E-05 0.33447E-04 0.34254E-09
18 0.561OOE-05 0.330OOE-04 0.33796E-09
19 0.55341E-05 0.32553E-04 0.33338E-09
20 0.54581E-05 0.32106E-04 0.32881E-09
21 0.53821E-05 0.31660E-04 0.32423E-09
22 0.53062E-05 0.31213E-04 0.31966E-09
23 0.52302E-05 0.30766E-04 0.31508E-09
24 0.51543E-05 0.30319E-04 0.31051E-09
25 0.50783E-05 0.29872E-04 0.30593E-09
26 0.50024E-05 0.29426E-04 0.3013SE-09
27 0.49264E-05 0.28979E-04 0.29678E-09
28 0.48504E-05 0.28532E-04 0.29220B-09
29 0.47745E-05 0.28085E-04 0.28763E-09
30 0.46985E-05 0.27638E-04 0.28305E-09
31 0.46226E-05 0.27192E-04 0.27847E-09
32 0.45466E-05 0.26745E-04 0.27390E-09
33 0.44707E-05 0.26298E-04 0.26932E-09
34 0.43947E-05 0.25851E-04 0.26475E-09
35 0.43187E-05 0.25404E-04 0.26017E-09
36 0.42428E-05 0.24958E-04 0.25560E-09
37 0.41668E-05 0.24511E-04 0.25102E-09
38 0.40909E-05 0.24064E-04 0.24644E-09
39 0.40149E-05 0.23617E-04 0.24187E-09
40 0.39389E-05 0.23170E-04 0.23729E-09
41 0.38630E-05 0.22723E-04 0.23272E-09
42 0.37870E-05 0.22277E-04 0.22814E-09
43 0.371IIE-05 0.21830E-04 0.22356E-09
44 0.36351E-05 0.21383E-04 0.21899E-09
45 0.35591E-05 0.20936E-04 0.21441E-09
46 0.34832E-05 0.20489E-04 0.20983E-09
47 0.34072E-05 0.20042E-04 0.20526E-09
48 0.33312E-05 0.19596E-04 0.20068E-09
49 0.32553E-05 0.19149E-04 0.19611E-09
50 0.31793E-05 0.18702E-04 0.19153E-09
51 0.31033E-05 0.18255E-04 0.18695E-09
52 0.30274E-05 0.17808E-04 0.18238E-09
53 0.29514E-05 0.17361E-04 0.17780E-09



54 0.28754E-05 0.16914E-04 0.17322E-09
55 0.27995E-05 0.16467E-04 0 16865E-09
56 0.27235E-05 0.16021E-04 0 16407E-09
57 0.26475E-05 0.15574E-04 0.15949E-09
58 0.25716E-05 0.15127E-04 0.15492E-09
59 0.24956E-05 0.146SOE-04 0.15034E-09
60 0.24196E-05 0.14233E-04 0 14576E-09
61 0.23436E-05 0.13786E-04 0.14119E-09
62 0.22677E-05 0.13339E-04 0.13661E-09
63 0.21917E-05 0.12892E-04 0 13203E-09
64 0.21157E-05 0.12445E-04 0 12745E-09
65 0.20397E-05 0.11998E-04 0.12288E-09
66 0.19637E-05 0.11551E-04 0.11830E-09
67 0.18878E-05 0.11104E-04 0 11372E-09
68 0.18118E-05 0.10657E-04 0.10915E-09
69 0.17358E-05 0.10211E-04 0 10457E-09
70 0.16598E-05 0.97635E-05 0 99990E-10
71 0.15838E-05 0.93165E-05 0 95412E-10
72 0.15078E-05 0.88695E-05 0 90835E-10
73 0.14318E-05 0.84225E-05 0.86257E-10
74 0.13558E-05 0.79755E-05 0 81679E-10
75 0.12798E-05 0.75285E-05 0 77101E-10
76 0.12039E-05 0.70815E-05 0.72523E-10
77 0.11279E-05 0.6634SE-05 0.67945E-10
78 0.10519E-05 0.61874E-05 0.63366E-10
79 0.97586E-06 0.57403E-05 0.58788E-10
80 0.89986E-06 0.52933E-05 0.54210E-10



RMA. 93-03 Chloroform Transport, 800 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

726 -1. 2.11E-04
80Y 100.0
1 1 3.55E+00
2 2 6.83E-01
3 3 6.49E-01
4 4 6.41E-01
5 5 6.34E-01
6 6 6.27E-01
7 7 6.19E-01
8 8 6.12E-01
9 9 6.05E-01

10 10 5.97E-01
11 11 5.90E-01
12 12 5.83E-01
13 13 5.75E-01
14 14 5.68E-01
15 15 5.61E-01
16 16 5.54E-01
17 17 5.46E-01
18 18 5.39E-01
19 19 5.32E-01
20 20 5.24E-01
21 21 5.17E-01
22 22 5.10E-01
23 23 5.03E-01
24 24 4.95E-01
25 25 4.88E-01
26 26 4.81E-01
27 27 4.73E-01
28 28 4.66E-01
29 29 4.59E-01
30 30 4.51E-01
31 31 4.44E-01
32 32 4.37E-01
33 33 4.30E-01
34 34 4.22E-01
35 35 4.15E-01
36 36 4.08E-01
37 37 4.OOE-01
38 38 3.93E-01
39 39 3.86E-01
40 40 3.78E-01
41 41 3.71E-01
42 42 3.64E-01
43 43 3.57E-01
44 44 3.49E-01
45 45 3.42E-01
46 46 3.35E-01
47 47 3.27E-01



48 48 3.20E-01
49 49 3.13E-01
50 50 3. 05E- 01
51 51 2.98R-01
52 52 2.91E-01
53 53 2.84E-01
54 54 2.76E-01
55 55 2.69E-01
56 56 2.62E-01
57 57 2.54E-01
58 58 2.47E-01
59 59 2.40E-01
60 60 2.32E-01
61 61 2.25E-01
62 62 2.18E-01
63 63 2. 11E- 01
64 64 2.03E-01
65 65 1.96E-01
66 66 1.89E-01
67 67 1. 81E- 01
68 68 1.74E-01
69 69 1.67E-01
70 70 1.59E-01
71 71 1.52E-01
72 72 1.45E-01
73 73 1.38E-01
74 74 1.30E-01
75 75 1.23E-01
76 76 1.16E-01
77 77 1.08E-01
78 78 1. OIE- 01
79 79 9.38E-02
80 80 8.65E-02



Time: 100.000 - Chloroform - 800 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

1 0.3815SE-04 0.22446E-03 0.22987E-08
2 0.74756E-05 0.43974E-04 0.45035E-09
3 0.71126E-05 0.41839E-04 0.42848E-09
4 0.70319E-05 0.41364E-04 0.42362E-09
5 0.69537E-05 0.40904E-04 0.41891E-09
6 0.68756E-05 0.40445E-04 0.41420E-09
7 0.67975E-05 0.3998SE-04 0.40950E-09
8 0.67194E-05 0.39526E-04 0.40479E-09
9 0.66413E-05 0.39067E-04 0.40009E-09
10 0.65632E-05 0.38607E-04 0.39538E-09
11 0.64851E-05 0.38148E-04 0.39068E-09
12 0.64070E-05 0.37688E-04 0.38597E-09
13 0.63289E-05 0.37229E-04 0.38127E-09
14 0.62508E-05 0.36769E-04 0.37656E-09
15 0.61727E-05 0.363IOE-04 0.37186E-09
16 0.60946E-05 0.35850E-04 0.36715E-09
17 0.60165E-05 0.35391E-04 0.36245E-09
18 0.59384E-05 0.34932E-04 0.35774E-09
19 0.58603E-05 0.34472E-04 0.35304E-09
20 0.57821E-05 0.34013E-04 0.34833E-09
21 0.57040E-05 0.33553E-04 0.34362E-09
22 0.56259E-05 0.33094E-04 0.33892E-09
23 0.55478E-05 0.32634E-04 0.33421E-09
24 0.54697E-05 0.3217SE-04 0.32951E-09
25 0.53916E-05 0.31715E-04 0.3248OB-09
26 0.53135E-05 0.31256E-04 0.320IOE-09
27 0.52354E-05 0.30796E-04 0.31539E-09
28 0.51573E-05 0.30337E-04 0.31069E-09
29 0.50792E-05 0.29877E-04 0.30598E-09
30 0.50011E-05 0.29418E-04 0.30128E-09
31 0.49229E-05 0.28959E-04 0.29657E-09
32 0.4844SE-05 0.28499E-04 0.29186E-09
33 0.47667E-05 0.28040E-04 0.28716E-09
34 0.46886E-05 0.27580E-04 0.28245E-09
35 0.46105E-05 0.27121E-04 0.27775E-09
36 0.45324E-05 0.26661E-04 0.27304E-09
37 0.4454BE-05 0.26202E-04 0.26834E-09
38 0.43762E-05 0.25742E-04 0.26363E-09
39 0.42980E-05 0.25283E-04 0.25892E-09
40 0.42199E-05 0.24823E-04 0.25422E-09
41 0.41418E-05 0.24364E-04 0.24951E-09
42 0.40637E-05 0.23904E-04 0.24481E-09
43 0.39856E-05 0.23445E-04 0.2401OB-09
44 0.39075E-05 0.2298SE-04 0.23540E-09
45 0.38294E-05 0.22526E-04 0.23069E-09
46 0.37512E-05 0.22066E-04 0.22598E-09
47 0.36731E-05 0.21607E-04 0.22128E-09
48 0.35950E-05 0.21147E-04 0.21657E-09
49 0.35169E-05 0.20687E-04 0.21186E-09
50 0.34388E-05 0.20228E-04 0.20716E-09
51 0.33606E-05 0.19768E-04 0.20245E-09
52 0.32825E-05 0.19309E-04 0.19775E-09
53 0.32044E-05 0.18849E-04 0.19304E-09



54 0.31263E-05 0.18390E-04 0.18833E-09

55 0.30481E-05 0.1793OB-04 0.18363E-09

56 0.297OOE-05 0.17471E-04 0.17892E-09

57 0.28919E-05 0.17011E-04 0.17421E-09

58 0.28137E-05 0.16551E-0% 0.16951E-09

59 0.27356E-05 0.16092E-04 0.16480E-09

60 0.26575E-05 0.15632E-04 0.16009E-09

61 0.25794E-05 0.15173E-04 0.15539E-09

62 0.25012E-05 0.14713E-04 0.15068E-09

63 0.24231E-05 0.14253E-04 0.14597E-09

64 0.23449E-05 0.13794E-04 0.14127E-09

65 0.22668E-05 0.13334E-04 0.13656E-09

66 0.21887E-05 0.12875E-04 0.13185E-09

67 0.21105E-05 0.12415E-04 0.12714E-09
68 0.20324E-05 0.11955E-04 0.12244E-09

69 0.19543E-05 0.11496E-04 0.11773E-09

70 0.18761E-05 0.11036E-04 0.11302E-09
71 0.17980E-05 0.10576E-04 0.10831E-09
72 0.17198E-05 0.10117E-04 0.10361E-09

73 0.16417E-05 0.96569E-05 0.98898E-10

74 0.15635E-05 0.91972E-05 0.94190E-10

75 0.14854E-05 0.87375E-05 0 89482E-10

76 0.14072E-05 0.82777E-05 0.84774E-10
77 0.13291E-05 0.78180E-05 0.80066E-10
78 0.12509E-05 0.73583E-05 0.75358E-10
79 0.11727E-05 0.68985E-05 0.70649E-10
80 0.10946E-05 0.64388E-05 0.65941E-10



RMA 93-03 Chloroform Transport, 900 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.742 -1. 2.52E-04
80Y 100.0
I I 3.67E+00
2 2 7.18E-01
3 3 6.83E-01
4 4 6.76E-01
5 5 6.68E-01
6 6 6.61E-01
7 7 6.53E-01
8 8 6.46E-01
9 9 6.38E-01

10 10 6.31E-01
11 11 6.23E-01
12 12 6.16E-01
13 13 6.08E-01
14 14 6.01E-01
15 15 5.93E-01
16 16 5.86E-01
17 17 5.78E-01
18 18 5.71E-01
19 19 5.63E-01
20 20 5.56E-01
21 21 5.48E-01
22 22 5.41E-01
23 23 5.33E-01
24 24 5.26E-01
25 25 5.18E-01
26 26 5.11E-01
27 27 5.03E-01
28 28 4.96E-01
29 29 4.88E-01
30 30 4.80E-01
31 31 4.73E-01
32 32 4.65E-01
33 33 4.58E-01
34 34 4.50E-01
35 35 4.43E-01
36 36 4.35E-01
37 37 4.28E-01
38 38 4.20E-01
39 39 4.13E-01
40 40 4.05E-01
41 41 3.98E-01
42 42 3.90E-01
43 43 3.83E-01
44 44 3.75E-01
45 45 3.68E-01
46 46 3.60E-01
47 47 3.53E-01



48 48 3.45E-01
49 49 3.38E-01
50 50 3.30E-01
51 51 3.23E-01
52 52 3.15E-01
53 53 3.08E-01
54 54 3.OOE-01
55 55 2.93E-01
56 56 2.85E-01
57 57 2.78E-01
58 58 2.70E-01
59 59 2. 63E- 01
60 60 2.55E-01
61 61 2.48E-01
62 62 2.40E-01
63 63 2.33E-01
64 64 2.25E-01
65 65 2.18E-01
66 66 2. 10E- 01
67 67 2.03E-01
68 68 1.95E-01
69 69 1.88E-01
70 70 1.80E-01
71 71 1.73E-01
72 72 1.65E-01
73 73 1.58E-01
74 74 1.50E-01
75 75 1.43E-01
76 76 1.35E-01
77 77 1.28E-01
78 78 1.20E-01
79 79 1.13E-01
80 80 1.05E-01



Time: 100.000 - Chloroform - 900 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(q/g)

1 0.39172E-04 0.23043E-03 0.23598E-08
2 0.78154E-05 0.45973E-04 0.47082E-09
3 0.74444E-05 0.43791E-04 0.44847E-09
4 0.73619E-05 0.43305E-04 0.44350E-09
5 0.72820E-05 0.42835E-04 0.43869E-09
6 0.72022E-05 0.42366E-04 0.43388E-09
7 0.71224E-05 0.41896E-04 0.42907E-09
8 0.70426E-05 0.41427E-04 0.42426E-09
9 0.69627E-05 0.40957E-04 0.41945E-09

10 0.68829E-05 0.40488E-04 0.41464E-09
11 0.68031E-05 0.40018E-04 0.40983E-09
12 0.67233E-05 0.39549E-04 0.40503E-09
13 0.66434E-05 0.39079E-04 0.40022E-09
14 0.65636E-05 0.38610E-04 0.39541E-09
is 0.64838E-05 0.38140E-04 0.39060E-09
16 0.64040E-05 0.37670E-04 0.38579E-09
17 0.63241E-05 0.37201E-04 0.38098E-09
18 0.62443E-05 0.36731E-04 0.37617E-09
19 0.6164SE-05 0.36262E-04 0.37136E-09
20 0.60847E-05 0.35792E-04 0.36655E-09
21 0.60048E-05 0.35323E-04 0.36175E-09
22 0.59250E-05 0.34853E-04 0.35694E-09
23 0.58452E-05 0.34383E-04 0.35213E-09
24 0.57654E-05 0.33914E-04 0.34732E-09
25 0.56855E-05 0.33444E-04 0.34251E-09
26 0.56057E-05 0.32975E-04 0.33770E-09
27 0.55259E-05 0.32505E-04 0.33289E-09
28 0.54460E-05 0.32035E-04 0.32808E-09
29 0.53662E-05 0.31566E-04 0.32327E-09
30 0.52864E-05 0.31096E-04 0.31846E-09
31 0.52065E-05 0.30627E-04 0.31365E-09
32 0.51267E-05 0.30157E-04 0.30884E-09
33 0.50469E-05 0.29688E-04 0.30404E-09
34 0.49670E-05 0.29218E-04 0.29923E-09
35 0.48872E-05 0.28748E-04 0.29442E-09
36 0.48074E-05 0.28279E-04 0.28961E-09
37 0 47275E-05 0.27809E-04 0.28480E-09
38 0.46477E-05 0.27339E-04 0.27999E-09
39 0.45679E-05 0.26870E-04 0.27518E-09
40 0.44880E-05 0.26400E-04 0.27037E-09
41 0.44082E-05 0.25931E-04 0.26556E-09
42 0.43284E-05 0.25461E-04 0.26075E-09
43 0.4248SE-05 0.24991E-04 0.25594E-09
44 0.41687E-05 0.24522E-04 0.25113E-09
45 0.4088SE-05 0.24052E-04 0.24632E-09
46 0.40090E-05 0.23582E-04 0.24151E-09
47 0.39292E-05 0.23113E-04 0.23670E-09
48 0.38493E-05 0.22643E-04 0.23189E-09
49 0 3769SE-05 0.22173E-04 0.2270SE-09
50 0.36896E-05 0.21704E-04 0.22227E-09
51 0.36098E-05 0.21234E-04 0.21746E-09
52 0.35299E-05 0.20764E-04 0.21265E-09
53 0.34501E-05 0.20295E-04 0.20784E-09



54 0.33702E-05 0.1982SE-04 0.20303E-09

55 0.32904E-05 0.19355E-04 0.19822E-09

56 0.32105E-05 0.18885E-04 0.19341E-09

57 0.31307E-05 0.18416E-04 0.18860E-09

58 0.30508E-05 0.17946E-04 0.18379E-09

59 0.29710E-05 0.17476E-04 0.17898E-09
60 0.28911E-05 0.17007E-04 0.17417E-09
61 0.28113E-05 0.16537E-04 0.16936E-09
62 0.27314E-05 0.16067E-04 0.16455E-09
63 0.26515E-05 0.15597E-04 0.15973E-09
64 0.25717E-05 0.15127E-04 0.15492E-09
65 0.24918E-05 0.14658E-04 0.15011E-09
66 0.24119E-05 0.14188E-04 0.14530E-09
67 0.23321E-05 0.13718E-04 0.14049E-09
68 0.22522E-05 0.13248E-04 0.13568E-09
69 0.21723E-05 0.12779E-04 0.13087E-09
70 0.20925E-05 0.12309E-04 0.12606E-09
71 0.20126E-05 0.11839E-04 0.12124E-09
72 0.19327E-05 0.11369E-04 0.1164BE-09
73 0.18529E-05 0-10899E-04 0.11162E-09
74 0.17730E-05 0.10429E-04 0.10681E-09
75 0.16931E-05 0.99595E-05 0.10200E-09
76 0.16132E-05 0.94896E-05 0.97185E-10
77 0.15334E-05 0.90197E-05 0.92373E-10
78 0.14535E-05 0.85498E-05 0.87561E-10
79 0.13736E-05 0.80799E-05 0.82748E-10
80 0.12937E-05 0.761OOE-05 0.77936E-10



RMA 93-03 Chloroform Transport, 1000 years
1

0.1 100. 50. 100.
58.0 .17 7700. 0.85

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.756 -1. 2.94E-04
80Y 100.0
1 1 3.76E+00
2 2 7.51E-01
3 3 7.15E-01
4 4 7.07E-01
5 5 7.OOE-01
6 6 6.92E-01
7 7 6.84E-01
8 8 6.77E-01
9 9 6.69E-01

10 10 6.61E-01
11 11 6.54E-01
12 12 6.46E-01
13 13 6.38E-01
14 14 6.31E-01
15 15 6.23E-01
16 16 6.15E-01
17 17 6.08E-01
18 18 6.OOE-01
19 19 5.92E-01
20 20 5.85E-01
21 21 5.77E-01
22 22 5.69E-01
23 23 5.62E-01
24 24 5.54E-01
25 25 S.46E-01
26 26 5.39E-01
27 27 5.31E-01
28 28 5.23E-01
29 29 5.16E-01
30 30 5.08E-01
31 31 5.OOE-01
32 32 4.93E-01
33 33 4.85E-01
34 34 4.77E-01
35 35 4.70E-01
36 36 4.62E-01
37 37 4.54E-01
38 38 4.47E-01
39 39 4.39E-01
40 40 4.31E-01
41 41 4.24E-01
42 42 4.16E-01
43 43 4.08E-01
44 44 4.01E-01
45 45 3.93E-01
46 46 3.85E-01
47 47 3.78E-01



48 48 3.70E-01
49 49 3.62E-01
50 50 3.55E-01
51 51 3.47E-01
52 52 3.39E-01
53 53 3.31E-01
54 54 3.24E-01
55 55 3.16E-01
56 56 3.08E-01
57 57 3. OIE- 01
58 58 2.93E-01
59 59 2.85E-01
60 60 2.78E-01
61 61 2.70E-01
62 62 2.62E-01
63 63 2.55E-01
64 64 2.47E-01
65 65 2.39E-01
66 66 2.32E-01
67 67 2.24E-01
68 68 2.16E-01
69 69 2.09E-01
70 70 2.01E-01
71 71 1.93E-01
72 72 1. 86E-01
73 73 1. 78E- 01
74 74 1.70E-01
75 75 1.63E-01
76 76 1.55E-01
77 77 1.47E-01
78 78 1.40E-01
79 79 1.32E-01
80 80 1.24E-01



Time: 100.000 Chloroform - 1000 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.40089E-04 0.23582E-03 0.24151E-08
2 0.81420E-05 0.47894E-04 0.49049E-09
3 0.77640E-05 0.45671E-04 0.46772E-09
4 0.76799E-05 0.45176E-04 0.46266E-09
5 0.75986E-05 0.44698E-04 0.45776E-09
6 0.75173E-05 0.44219E-04 0.45286E-09
7 0.74359E-05 0.43741E-04 0.44796E-09
8 0.73546E-05 0.43262E-04 0.44306E-09
9 0.72733E-05 0.42784E-04 0.43816E-09
10 0.71920E-05 0.42306E-04 0.43326E-09
11 0.71106E-05 0.41827E-04 0.42836E-09
12 0.70293E-05 0.41349E-04 0.42346E-09
13 0.69480E-05 0.40870E-04 0.41856E-09
14 0.68666E-05 0.40392E-04 0.41366E-09
15 0.67853E-05 0.39914E-04 0.40876E-09
16 0.67040E-05 0.39435E-04 0.40386E-09
17 0.66227E-05 0.38957E-04 0.39896E-09
18 0.65413E-05 0.38478E-04 0.39407E-09
19 0.64600E-05 0.380OOE-04 0.38917E-09
20 0.63787E-05 0.37522E-04 0.38427E-09
21 0.62973E-05 0.37043E-04 0.37937E-09
22 0.62160E-05 0.3656SE-04 0.37447E-09
23 0.61347E-05 0.36086E-04 0.36957E-09
24 0.60533E-05 0.35608E-04 0.36467E-09
25 0.59720E-05 0.35129E-04 0.35977E-09
26 0.58907E-05 0.34651E-04 0.35487E-09
27 0.58093E-05 0.34173E-04 0.34997E-09
28 0.57280E-05 0.33694E-04 0.34507E-09
29 0.56467E-05 0.33216E-04 0.34017E-09
30 0.55653E-05 0.32737E-04 0.33527E-09
31 0.54840E-05 0.32259E-04 0.33037E-09
32 0 54027E-05 0.31780E-04 0.32547E-09
33 0.53213E-05 0.31302E-04 0.32057E-09
34 0.52400E-05 0.30823E-04 0.31567E-09
35 0.51587E-05 0.30345E-04 0.31077E-09
36 0.50773E-05 0.29867E-04 0.30587E-09
37 0.49960E-05 0.2938SE-04 0.30097E-09
38 0.49146E-05 0.28910E-04 0.29607E-09
39 0.48333E-05 0.28431E-04 0.29117E-09
40 0.47520E-05 0.27953E-04 0.28627E-09
41 0.46706E-05 0.27474E-04 0.28137E-09
42 0 45893E-05 0.26996E-04 0.27647E-09
43 0.45079E-05 0.26517E-04 0.27157E-09
44 0.44266E-05 0.26039E-04 0.26667E-09
45 0 43452E-05 0.25560E-04 0.26177E-09
46 0.42639E-05 0.25082E-04 0.25687E-09
47 0 41825E-05 0.24603E-04 0.25197E-09
48 0.41012E-05 0.24125E-04 0.24707E-09
49 0 40198E-05 0.23646E-04 0.24216E-09
50 0.39385E-05 0.23168E-04 0.23726E-09
51 0.38571E-05 0.22689E-04 0.23236E-09
52 0.37758E-05 0.22211E-04 0.22746E-09
53 0.36944E-05 0.21732E-04 0.22256E-09



54 0.36131E-05 0.21253E-04 0.21766E-09
55 0.35317E-05 0.2077SE-04 0.21276E-09
56 0.34504E-05 0.20296E-04 0.20786E-09
57 0.33690E-05 0.19818E-04 0.20296E-09
58 0.32877E-05 0.19339E-04' 0.19806E-09
59 0.32063E-05 0.18861E-04 0.19315E-09
60 0.31249E-05 0.18382E-04 0.1882SE-09
61 0.30436E-05 0.17903E-04 0.18335E-09
62 0.29622E-05 0.1742SE-04 0.1784SE-09
63 0.2880BE-05 0.16946E-04 0.17355E-09
64 0.27995E-05 0.16467E-04 0.16865E-09
65 0.27181E-05 0.15989E-04 0.16374E-09
66 0.26367E-05 0.15510E-04 0.15884E-09
67 0.25554E-05 0.15032E-04 0.15394E-09
68 0.24740E-05 0.14553E-04 0.14904E-09
69 0.23926E-05 0.14074E-04 0.14414E-09
70 0.23112E-05 0.13596E-04 0.13923E-09
71 0.22299E-05 0.13117E-04 0.13433E-09
72 0.21485E-05 0.12638E-04 0.12943E-09
73 0.20671E-05 0.12159E-04 0.12453E-09
74 0.19857E-05 0.11681E-04 0.11962E-09
75 0.19043E-05 0.11202E-04 0.11472E-09
76 0.18230E-05 0.10723E-04 0 10982E-09
77 0.17416E-05 0.10245E-04 0 10492E-09
78 0.16602E-05 0.97658E-05 0.100OIE-09
79 0.15788E-05 0.92870E-05 0 95110E-10
80 0.14974E-05 0.88083E-05 0.90207E-10



RMA 93-03 CPMSO Transport, First 100 years
1

0.1 100. 50. 100.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

160 -1. 0.
80y 100.0
I 1 0.0
2 2 0.0
3 3 0.0
4 4 0.0
5 5 0.0
6 6 0.0
7 7 0.0
8 8 0.0
9 9 0.0

10 10 0.0
11 11 0.0
12 12 0.0
13 13 0.0
14 14 0.0
15 15 0.0
16 16 0.0
17 17 0.0
18 18 0.0
19 19 0.0
20 20 0.0
21 21 0.0
22 22 0.0
23 23 0.0
24 24 0.0
25 25 0.0
26 26 0.0
27 27 0.0
28 28 0.0
29 29 0.0
30 30 0.0
31 31 0.0
32 32 0.0
33 33 0.0
34 34 0.0
35 35 0.0
36 36 0.0
37 37 0.0
38 38 0.0
39 39 0.0
40 40 0.0
41 41 0.0
42 42 0.0
43 43 0.0
44 44 0.0
45 45 0.0
46 46 0.0
47 47 0.0



48 48 0.0
49 49 0.0
so 50 0.0
51 51 0.0
52 52 0.0
53 53 0.0
54 54 0.0
55 55 0.0
56 56 0.0
57 57 0.0
58 58 0.0
59 59 0.0
60 60 0.0
61 61 0.0
62 62 0.0
63 63 0.0
64 64 0.0
65 65 0.0
66 66 0.0
67 67 0.0
68 68 0.0
69 69 0.0
70 70 0.0
71 71 0.0
72 72 0.0
73 73 0.0
74 74 0.0
75 75 0.0
76 76 0.0
77 77 0.0
78 78 0.0
79 79 0.0
80 80 0.0



------------------------------------------------------------

VLEACH (Version 2.2, 1995)

By:
Varadhan Ravi and Jeffrey A. Johnson

(USEPA Contractors)
Center for Subsurface Modeling Support
Robert S. Kerr Environmental Research Laboratory
U.S. Environmental Protection Agency
P.O. Box 1198
Ada, OK 74820

Based on the original VLEACH (version 1.0)
developed by CH2M Hill, Redding, California
for USEPA Region IX

------------------------------------------------------------

RMA 93-03 CPMSO Transport, First 100 years
1 polygons.

Timestep, - 0.10 years. Simulation length 100.00 years.
Printout every 50.00 years. Vertical profile stored every 100.00 years.
Koc 30.000 ml/g, 0.10594E-02cu.ft./g
Kh 0.500OOE-03 (dimensionless).
Aqueous solubility = 1100.0 mg/l, 31.149 g/cu.ft
Free air diffusion coefficient = .58000 sq. m/day, 2278.8 sq.ft./yr

Polygon 1
Polygon I
Polygon area 1.0000 sq. ft.
80 cells, each cell 0.250 ft. thick.

Soil Properties:
Bulk density = 1.6000 g/ml, 45307. g/cu.ft.
Porosity = 0 4000 Volumetric water content = 0.2500
Organic carbon content - 0.00500000

Recharge Rate = 0.00057000 ft/yr
Conc. in recharge water - 0.16000 mg/l, 0.45307E-02g/cu.ft
Atmospheric concentration -1.0000 mg/l, -0.28317E-Oig/cu.ft
Water table has a fixed concentration of 0.00000 mg/l, 0.00000 g/

with respect to gas diffusion.



Time: 100.000 - CPMSO 100 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.78971E-06 0.15794E-02 0.83664E-08
2 0.16834E-06 0.33668E-03 0.17834E-08
3 0.28081E-07 0.56163E-04 0.29750E-09
4 0.64397E-08 0.12879E-04 0.68224E-10
5 0.37517E-08 0.75033E-05 0.39747E-10
6 0.33210E-08 0.66421E-05 0.35184E-10
7 0.31138E-08 0.62277E-05 0.32989E-10
8 0.29341E-08 0.58683E-05 0.31085E-10
9 0.2765SE-08 0.55315E-05 0.29301E-10

10 0.26071E-08 0.52142E-05 0.27621E-10
11 0.24576E-08 0.491SIE-05 0.26036E-10
12 0.23166E-08 0.46331E-05 0.24542E-10
13 0.21837E-08 0.43673E-05 0.23134E-10
14 0.20584E-08 0.41167E-05 0.21807E-10
15 0.19402E-08 0.38805E-05 0.20556E-10
16 0.18289E-08 0.36578E-05 0.19376E-10
17 0.17239E-08 0.34479E-05 0.18264E-10
18 0.16250E-08 0.32499E-05 0.17215E-10
19 0.15317E-08 0.30633E-05 0.16227E-10
20 0.14437E-08 0.28875E-05 0.15295E-10
21 0.13608E-08 0.27216E-05 0.14417E-10
22 0.12826E-08 0.25653E-05 0.13589E-10
23 0.12090E-08 0.24179E-05 0.12808E-10
24 0.11395E-08 0.22789E-05 0.12072E-10
25 0.10740E-08 0.21479E-05 0.11378E-10
26 0.10122E-08 0.20244E-05 0.10724E-10
27 0.95399E-09 0.19080E-05 0.10107E-10
28 0.89909E-09 0.17982E-05 0 95253E-11
29 0.84733E-09 0.16947E-05 0.89769E-11
30 0.79853E-09 0.15971E-05 0.84599E-11
31 0.75251E-09 0.15050E-05 0 79723E-11
32 0.70911E-09 0.14182E-05 0.75126E-11
33 0.66819E-09 0.13364E-05 0 70791E-11
34 0.62960E-09 0.12592E-05 0 66702E-11
35 0.59321E-09 0.11864E-05 0.62847E-11
36 0.55889E-09 0.11178E-05 0.59210E-11
37 0.52651E-09 0.10530E-05 0.55781E-11
38 0.49598E-09 0.9919SE-06 0 52545E-11
39 0.46717E-09 0.93434E-06 0.49494E-11
40 0.43999E-09 0.87999E-06 0,46614E-11
41 0.41435E-09 0.82871E-06 0 43898E-11
42 0.39016E-09 0.78032E-06 0 4133SE-11
43 0.36732E-09 0.73465E-06 0.38916E-11
44 0.34577E-09 0.69154E-06 0.36632E-11
45 0.32543E-09 0.6508SE-06 0 34477E-11
46 0.30622E-09 0.61243E-06 0 32442E-11
47 0.28807E-09 0.57615E-06 0 30520E-11
48 0.27094E-09 0.54188E-06 0.28704E-11
49 0.25475E-09 0.50949E-06 0 26969E-11
50 0.23945E-09 0.47889E-06 0 25368E-11
51 0.22498E-09 0.44996E-06 0 23835E-11
52 0.21130E-09 0.42259E-06 0 22386E-11
53 0.19835E-09 0.39671E-06 0.21014E-11



54 0.18610E- 09 0.37220E-06 0.19716E-11
55 0.17450E-09 0.34900E-06 0.18487E-11
56 0.16351E-09 0.32701E-06 0.17322E-11
57 0.15308E-09 0.30617E-06 0.16218E-11
58 0.14320E-09 0.28639E-06 0.15171E-11
59 0.13381E-09 0.26762E-06 0.14176E-11
60 0.12489E-09 0.24977E-06 0.13231E-11
61 0.11640E-09 0.23280E-06 0.12332E-11
62 0-10832E-09 0.21664E-06 0.11476E-11
63 0.10062E-09 0.20124E-06 0.10660E-11
64 0.93270E-10 0.18654E-06 0.98813E-12
65 0.86245E-10 0.17249E-06 0.91371E-12
66 0.79522E-10 0.15904E-06 0.84248E-12
67 0.73076E-10 0.14615E-06 0.77419E-12
68 0.66885E-10 0.13377E-06 0.70860E-12
69 0.60927E-10 0.12185E-06 0.64548E-12
70 0.55182E-10 0.11036E-06 0.58462E-12
71 0.49630E-10 0.99260E-07 0.52580E-12
72 0.44251E-10 0.88502E-07 0.46881E-12
73 0.39026E-10 0.78053E-07 0.41346E-12
74 0.33938E-10 0.67876E-07 0.35955E-12
75 0.28968E-10 0.57936E-07 0.30689E-12
76 0.24099E-10 0.48197E-07 0.25531E-12
77 0.19314E-10 0.38628E-07 0.20462E-12
78 0.14596E-10 0.29193E-07 0.15464E-12
79 0.99296E-11 0.19859E-07 0-10520E-12
80 0.52976E-11 0.10595E-07 0.56124E-13
I



RMA 93-03 CPMSO Transport, 200 years
I

0.1 100. 50. 100.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.417 -1. 8.68E-07
80y 100.0
1 1 1.71E+01
2 2 3.64E+00
3 3 6.07E-01
4 4 1.39E-01
5 5 8.12E-02
6 6 7.18E-02
7 7 6.74E-02
8 8 6.35E-02
9 9 5.98E-02

10 10 5.64E-02
11 11 5.32E-02
12 12 5.01E-02
13 13 4.72E-02
14 14 4.45E-02
15 15 4.20E-02
16 16 3.96E-02
17 17 3.73E-02
18 18 3.51E-02
19 19 3.31E-02
20 20 3.12E-02
21 21 2.94E-02
22 22 2.77E-02
23 23 2.62E-02
24 24 2.46E-02
25 25 2.32E-02
26 26 2.19E-02
27 27 2.06E-02
28 28 1.94E-02
29 29 1.83E-02
30 30 1.73E-02
31 31 1.63E-02
32 32 1.53E-02
33 33 1.45E-02
34 34 1.36E-02
35 35 1.28E-02
36 36 1.21E-02
37 37 1.14E-02
38 38 1.07E-02
39 39 1.01E-02
40 40 9.52E-03
41 41 8.96E-03
42 42 8.44E-03
43 43 7.95E-03
44 44 7.48E-03
45 45 7.04E-03
46 46 6.62E-03
47 47 6.23E-03



48 48 5.86E-03
49 49 5.51E-03
50 50 5.1BE-03
51 51 4.87E-03
52 52 4.57E-03
53 53 4.29E-03
54 54 4.03E-03
55 55 3.77E-03
56 56 3.54E-03
57 57 3.31E-03
58 58 3.10E-03
59 59 2.89E-03
60 60 2.70H-03
61 61 2.52E-03
62 62 2.34E-03
63 63 2.18E-03
64 64 2.02E-03
65 65 1.87E-03
66 66 1.72E-03
67 67 1.58E-03
68 68 1.45E-03
ý9 69 1.32E-03
70 70 1.19E-03
71 71 1. 07E-03
72 72 9.57E-04
73 73 8.44E-04
74 74 7.34E-04
75 75 6.27E-04
76 76 5.21E-04
77 77 4.18E-04
78 78 3.16E-04
79 79 2.15E-04
80 80 1.15E-04



Time: 100.000 - CPMSO 200 Years

Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)
1 0.2490SE-05 0.498IOE-02 0 26385E-07
2 0.73503E-06 0.14701E-02 0.77872E-08
3 0.18396E-06 0.36792E-03 0.19489E-08
4 0.51260E-07 0.10252E-03 0 54307E-09
5 0.24034E-07 0.4806SE-04 0.25462E-09
6 0.18535E-07 0.37071E-04 0,19637E-09
7 0.16880E-07 0.33760E-04 0.17883E-09
8 0.15850E-07 0.31699E-04 0.16792E-09
9 0.14946E-07 0.29892E-04 0,15834E-09

10 0.14103E-07 0.28205E-04 0,14941E-09
11 0.13309E-07 0.26617E-04 0 141OOE-09
12 0.12558E-07 0.25115E-04 0 13304E-09
13 0.11848E-07 0.23697E-04 0 12553E-09
14 0.11180E-07 0.22360E-04 0 11845E-09
15 0.10551E-07 0.21102E-04 0 11178E-09
16 0.99568E-08 0.19914E-04 0.10549E-09
17 0.93948E-08 0.18790E-04 0 99531E-10
18 0.88630E-08 0.17726E-04 0.93898E-10
19 0.83626E-08 0.16725E-04 0 88596E-10
20 0.78906E-08 0.15781E-04 0 83596E-10
21 0.74450E-08 0.14890E-04 0 7887SE-10
22 0.7024BE-08 0.14049E-04 0.74418E-10
23 0.66297E-08 0.13259E-04 0 70238E-10
24 0.62539E-08 0.1250SE-04 0 66256E-10
25 0.590OOE-08 0.11800E-04 0.62507E-10
26 0.55673E-08 0.11135E-04 0.58982E-10
27 0.52519E-08 0.10504E-04 0 55640E-10
28 0.49540E-08 0.99080E-05 0 52484E-10
29 0.46738E-08 0.93475E-05 0.4951SE-10
30 0.44106E-08 0.88212E-05 0.46727E-10
31 0.41612E-08 0.8322SE-05 0.44086E-10
32 0.39239E-08 0.7847SE-05 0 41571E-10
33 0.37026E-08 0.74052E-05 0.39227E-10
34 0.34916E-08 0.69831E-05 0 36991E-10
35 0.32922E-08 O.G5844E-05 0.34879E-10
36 0.31056E-08 0.62111E-05 0.32901E-10
37 0.29291E-08 0.58581E-05 0.31031E-10
38 0.27611E-08 0.55222E-05 0.29252E-10
39 0.26034E-08 0.52069E-05 0.27582E-10
40 0.2454SE-08 0.49095E-05 0.26007E-10
41 0.23140E-08 0.46280E-05 0.24515E-10
42 0.21811E-08 0.43622E-05 0.23107E-10
43 0.20556E-08 0.41111E-05 0.21777E-10
44 0.19368E-08 0.38737E-05 0.20519E-10
45 0 18246E-08 0.36492E-05 0.19331E-10
46 0.1718SE-08 0.34369E-05 0.18206E-10
47 0.16182E-08 0.32364E-05 0.17144E-10
48 0.15234E-08 0.30469E-05 0.16140E-10
49 0.1433SE-08 0.28676E-05 0.15190E-10
50 0.13490E-08 0.26979E-05 0.14291E-10
51 0.12688E-08 0.25375E-05 0.13442E-10
52 0.11927E-08 0.23853E-05 0.12635E-10
53 0.11206E-08 0.22412E-05 0.11872E-10



54 0.1052SE-08 0.21050E-05 0.1115OB-10
55 0.98763E-09 0.19753E-05 0.10463E-10
56 0.92637E-09 0.18527E-05 0.98143E-11
57 0.86808E-09 0.17362E-05 0.91967E-11

' 58 0.81282E-09 0.16256E-05 0.86113E-ll
5-9 0.7601OB-09 0.15202E-05 0.80528E-11
60 0.71009E-09 0.14202E-05 0.75229E-11
61 0.66256E-09 0.13251E-05 0.70194B-11
62 0.61708E-09 0.12342E-05 0.65376E-ll
63 0.57388E-09 0.11478E-05 0.60799E-11
64 0.53254E-09 0.10651E-05 0.56419E-11
65 0.4930OB-09 0.98600E-06 0.52230E-11
66 0.45498E-09 0.90995E-06 0.48202E-11
67 0.41852E-09 0.83703E-06 0.44339E-11
68 0.38361E-09 0.76722E-06 0.4064IB-11
69 0.34993E-09 0.6998SE-06 0.37072E-11
70 0.31726E-09 0.63453E-06 0.33612E-11
71 0.28575E-09 0.57150E-06 0.30273E-ll
72 0.25533E-09 0.51067E-06 0.2705IB-11
73 0.22574E-09 0.45149E-06 0.23916E-11
74 0.19689E-09 0.3937BE-06 0.20859B-11
75 0.16870E-09 0.33740E-06 0.17873E-11
76 0.14106E-09 0.282IIE-06 0.14944E-ll
77 0.11390B-09 0.22780E-06 0.12067E-11
ý,8 0.87130E-10 0.17426E-06 0.92309E-12
79 0.60646E-10 0.12129E-06 0.64250E-12
80 0.34369E-10 0.68737E-07 0.364IIE-12



RMA 93-03 CPMSO Transport, 300 years
I

0.1 100. 50. 100.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.533 -1. 5.23E-06
80Y 100.0
1 1 5.39E+01
2 2 1.59E+01
3 3 3.98E+00
4 4 1.11E+00
5 5 5.20E-01
6 6 4.01E-01
7 7 3.65E-01
8 8 3.43E-01
9 9 3.23E-01

10 10 3.05E-01
11 11 2.88E-01
12 12 2.72E-01
13 13 2.56E-01
14 14 2.42E-01
is 15 2.28E-01
16 16 2.15E-01
17 17 2.03E-01
18 18 1.92E-01
19 19 1.81E-01
20 20 1.71E-01
21 21 1.61E-01
22 22 1.52E-01
23 23 1.43E-01
24 24 1.35E-01
25 25 1.28E-01
26 26 1.20E-01
27 27 1.14E-01
28 28 1.07E-01
29 29 1.01E-01
30 30 9.54E-02
31 31 9.OOE-02
32 32 8.49E-02
33 33 8.01E-02
34 34 7.55E-02
35 35 7.12E-02
36 36 6.72E-02
37 37 6.34E-02
38 38 5.97E-02
39 39 5.63E-02
40 40 5.31E-02
41 41 5-01E-02
42 42 4.72E-02
43 43 4.45E-02
44 44 4.19E-02
45 45 3.95E-02
46 46 3.72E-02
47 47 3.50E-02



,48 48 3.30E-02
49 49 3. 10E- 02
50 50 2.92E-02
51 51 2.74E-02
52 52 2.58E-02
53 53 2.42E-02
54 54 2.28E-02
55 55 2.14E-02
56 56 2.OOE-02
57 57 1.88E-02
ý8 58 1. 76E- 02
59 59 1.64E-02
60 60 1.54E-02
61 61 1.43E-02
62 62 1.33E-02
63 63 1.24E-02
64 64 1.15E-02
65 65 1.07E-02
66 66 9.84E-03
67 67 9.05E-03
68 68 8.30E-03
69 69 7.57E-03
70 70 6.86E-03
71 71 6.18E-03
72 72 5.52E-03
73 73 4.88E-03
74 74 4.26E-03
75 75 3.65E-03
76 76 3.05E-03
77 77 2.46E-03
78 78 1.88E-03
79 79 1.31E-03
80 80 7.43E-04



Time: 100.000 - CPMSO 300 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.3995SE-05 0.79916E-02 0.12333E-07
2 0.16078E-05 0.32156E-02 0.17034E-07
3 0.54832E-06 0.10966E-02 0.58091E-08
4 0.18551E-06 0.371OIE-03 0.19653E-08
5 0.8187SE-07 0.1637SE-03 0.86741E-09
6 0.55045E-07 0.11009E-03 0.58317E-09
7 0.47360E-07 0.94720E-04 0.5017BE-09
8 0.43894E-07 0.87789E-04 0.46503E-09
9 0.41319E-07 0.82639E-04 0.43775E-09
10 0.39016E-07 O.'78032E-04 0.4133SE-09
11 0.36863E-07 0.73727E-04 0.39054E-09
12 0.34834E-07 0.69668E-04 0.36905E-09
13 0.32895E-07 0.65791E-04 0.34850E-09
14 0.31081E-07 0.62161E-04 0.32928E-09
15 0.29357E-07 0.58713E-04 0.31101E-09
16 0.27726E-07 0.55453E-04 0.29374E-09
17 0.26194E-07 0.52387E-04 0.277SOE-09
18 0.24757E-07 0.49513E-04 0.26228E-09
19 0.23388E-07 0.46776E-04 0.24778E-09
20 0.2209SE-07 0.44197E-04 0.23412E-09
21 0.20869E-07 0.41737E-04 0.22109E-09
22 0.19712E-07 0.39423E-04 0.20883E-09
23 0.18610E-07 0.37219E-04 0.19716E-09
24 0.17576E-07 0.35152E-04 O.L8620E-09
25 0.16617E-07 0.33234E-04 O.L7605E-09
26 0.15684E-07 0.31368E-04 0.16616E-09
27 0.1482GE-07 0.29652E-04 0.15707E-09
28 0.13997E-07 0.27994E-04 0.14829E-09
29 0.13216E-07 0.26433E-04 0.14002E-09
30 0.12484E-07 0.24969E-04 0.13226E-09
31 0.11792E-07 0.23583E-04 0.12493E-09
32 0.11136E-07 0.22272E-04 0.1179BE-09
33 0.10516E-07 0.21033E-04 0.11141E-09
34 0.99291E-08 0.19858E-04 0.10519E-09
35 0.93743E-08 0.18749E-04 0.99315E-10
36 0.88517E-08 0.17703E-04 0.93778E-10
37 0.83578E-08 0.16716E-04 0.88546E-10
38 0.78881E-08 0.15776E-04 0.83569E-10
39 0.74449E-08 0.14890E-04 O.'78874E-10
40 0.70269E-08 0.14054E-04 O.'74446E-10
41 0.6632SE-08 0.1326SE-04 O.'70267E-10
42 0.62582E-08 0.12516E-04 0.66302E-10
43 0.59044E-08 0.11809E-04 0.62553E-10
44 0.55688E-08 0.11138E-04 0.58998E-10
45 0.52522E-08 0.10504E-04 0.55643E-10
46 0.49523E-08 0.99046E-05 0.152466E-10
47 0.46676E-08 0.933SIE-05 0.494SOE-10
48 0.43996E-08 0.87993E-05 0.46611E-10
49 0.41440E-08 0.82881E-05 0.43903E-10
so 0.39032E-08 0.78063E-05 0.41351E-10
51 0.36733E-08 0.73466E-05 0.38916E-10
52 0.34571E-08 0.69143E-05 0.36626E-10
53 0.32510E-08 0.6502OB-05 0.34442E-10



54 0.30576E-08 0.61152E-05 0.32393E-10
55 0.28733E-08 0.57467E-05 0.30441E-10
56 0.26960E-08 0.53920E-05 0.28562E-10
57 0.25297E-08 0.50594E-05 0.26800E-10
58 0.23713E-08 0.47426E-05 0.25123E-10
59 0.22188E-08 0.44375E-05 0.23506E-10
60 0.20762E-08 0.41523E-05 0.21996E-10
61 0-19380E-08 0.38760E-05 0.20532E-10
62 0.18060E-08 0.36121E-05 0.19134E-10
63 0.16815E-08 0.33631E-05 0.17815E-10
64 0.15622E-08 0.31243E-05 0.16550E-10
65 0.14491E-08 0.28981E-05 0.15352E-10
66 0.13389E-08 0.26778E-05 0.14185E-10
67 0.12330E-08 0.24660E-05 0.13063E-10
68 0.11315E-08 0.22631E-05 0.11988E-10
69 0.10337E-08 0.20674E-05 0.10952E-10
70 0.9390SE-09 0.18781E-05 0.99486E-11
71 0.84751E-09 0.16950E-05 0.89788E-11
72 0.75876E-09 0.15175E-05 0.80386E-11
73 0.67251E-09 0.13450E-05 0.71248E-11
74 0.58854E-09 0.11771E-05 0.62352E-11
75 0.50642E-09 0.10128E-05 0.53651E-11
76 0.42583E-09 0.85166E-06 0.45114E-11
,77 0.34658E-09 0.69315E-06 0.36717E-11
78 0.26847E-09 0.53695E-06 0.28443E-11
79 0.19135E-09 0.38270E-06 0.20272E-11
80 0.11485E-09 0.22970E-06 0.12168E-11



RMA 93-03 CPMSO Transport, 400 years
I

0.1 100. 50. 100.

30.0 .0005 1100. 0.58
Polygon I

1. 0.25 .00057 1.6 0.40 .25 .005

.600 -1. 1.63E-05
80y 100.0
1 1 8.64E+01
2 2 3.48E+01
3 3 1.19E+01
4 4 4.01E+00
5 5 1.77E+00
6 6 1.19E+00
7 7 1.02E+00
8 8 9.49E-01
9 9 8.94E-01

10 10 8.44E-01
11 11 7.97E-01
12 12 7.53E-01
13 13 7.12E-01
14 14 6.72E-01
15 15 6.35E-01
16 16 6.OOE-01
17 17 5.67E-01
18 18 5.36E-01
19 19 5.06E-01
20 20 4.78E-01
21 21 4.51E-01
22 22 4.26E-01
23 23 4.03E-01
24 24 3.80E-01
25 25 3.59E-01
26 26 3.39E-01
27 27 3.21E-01
28 28 3.03E-01
29 29 2.86E-01
30 30 2.70E-01
31 31 2.55E-01
32 32 2.41E-01
33 33 2.27E-01
34 34 2.15E-01
35 35 2.03E-01
36 36 1.91E-01
37 37 1.81E-01
38 38 1.71E-01
39 39 1.61E-01
40 40 1.52E-01
41 41 1.43E-01
42 42 1.35E-01
43 43 1.28E-01
44 44 1.20E-01
45 45 1.14E-01
46 46 1.07E-01
47 47 1.01E-01



48 48 9.52E-02
49 49 8.96E-02
50 50 8.44E-02
51 51 7.95E-02
52 52 7.48E-02
53 53 7.03E-02
54 54 6.61E-02
55 55 6.22E-02
56 56 5.83E-02
57 57 5.47E-02
58 58 5.13E-02
59 59 4.80E-02
60 60 4.49E-02
61 61 4.19E-02
62 62 3.91E-02
63 63 3.64E-02
64 64 3.38E-02
65 65 3.13E-02
ý6 66 2.90E-02
67 67 2.67E-02
68 68 2.45E-02
69 69 2.24E-02
70 70 2.03E-02
71 71 1.83E-02
72 72 1. 64E- 02
73 73 1.45E-02
74 74 1.27E-02
75 75 1.10E-02
76 76 9.21E-03
77 77 7.50E-03
78 78 5.81E-03
79 79 4.14E-03
80 80 2.48E-03



Time: 100.000 - CPMSO 400 Years
Cell Cgas(g/cu.ft) Clj-q(g/cu.ft) Csol(g/g)

1 0.51553E-05 0.10311E-01 0.54617E-07
2 0.25486E-05 0.50972E-02 0.27001E-07
3 0.10867E-05 0.21735E-02 0.11513E-07
4 0.43862E-06 0.8772SE-03 0.46469E-08
5 0.1998SE-06 0.39969E-03 0.21172E-08
6 0.1225SE-06 0.24511E-03 0.12984E-08
7 0.97974E-07 0.1959SE-03 0.10380E-08
8 0.88483E-07 0.17697E-03 0.93742E-09
9 0.82840E-07 0.16568E-03 0.87763E-09

10 0.78195E-07 0.15639E-03 0.82842E-09
11 0.73927E-07 0.14785E-03 0.78321E-09
12 0.69920E-07 0.13984E-03 0 74076E-09
13 0.66151E-07 0.13230E-03 0 70082E-09
14 0.62561E-07 0.12512E-03 0 66279E-09
is 0.59172E-07 0.11834E-03 0 62689E-09
16 0.55971E-07 0.11194E-03 0 59298E-09
17 0.52946E-07 0.10589E-03 0 56093E-09
18 0.50089E-07 0.10018E-03 0 53066E-09
19 0.47371E-07 0.94741E-04 0 50186E-09
20 0.448OOE-07 0.89600E-04 0.47463E-09
21 0.42357E-07 0.84713E-04 0 44874E-09
22 0.40052E-07 0.80104E-04 0 42433E-09
23 0.37892E-07 0.75784E-04 0 40144E-09
24 0.35825E-07 0.716SOE-04 0,37954E-09
25 0.33875E-07 0.677SOE-04 0 3588SE-09
26 0.32031E-07 0.64062E-04 0.33935E-09
27 0.30309E-07 0.60618E-04 0.32110E-09
28 0.28665E-07 0.57330E-04 0 30369E-09
29 0.271OOE-07 0.54201E-04 0 28711E-09
30 0.25620E-07 0.51239E-04 0.27142E-09
31 0.24222E-07 0.48444E-04 0.25662E-09
32 0.2290BE-07 0.458IOE-04 0.24266E-09
33 0.21642E-07 0.4328BE-04 0.22929E-09
34 0.20470E-07 0.40939E-04 0.21686E-09
35 0.19356E-07 0.387IIE-04 0.20506E-09
36 0.18280E-07 0.36560E-04 0.19367E-09
37 0.17287E-07 0.34574E-04 0.18314E-09
38 0.16347E-07 0.32694E-04 0.17318E-09
39 0.15440E-07 0.30880E-04 0.16358E-09
40 0-14586E-07 0.29172E-04 0.15453E-09
41 0.13768E-07 0.27537E-04 0.14587E-09
42 0-13002E-07 0.26005E-04 0.13775E-09
43 0.12296E-07 0.24591E-04 0.13027E-09
44 0.11600E-07 0.23200E-04 0.12289E-09
45 0.1096SE-07 0.21931E-04 0.11617E-09
46 0.10346E-07 0.20692E-04 0.10961E-09
47 0.97631E-08 0.19526E-04 0.10343E-09
48 0.92117E-08 0.18423E-04 0.97592E-10
49 0.86860E-08 0.17372E-04 0.92022E-10
50 0.81886E-08 0.16377E-04 0.86753E-10
51 0.77183E-08 0.15437E-04 0.81770E-10
52 0.72711E-08 0.14542E-04 0.77032E-10
53 0.6844BE-08 0.13690E-04 0.72516E-10



54 0.64410E-08 0.12882E-04 0.68239E-10

155 0.60601E-08 0.1212OB-04 0.64203R-10
56 0.56941E-08 0.11388E-04 0.60326E-10
57 0.53466E-08 0.10693E-04 0.56643E-10
58 0.50170E-08 0.10034E-04 0.5315IB-10
ý59 0.47018E-08 0.94036E-05 0.49813E-10
60 0.44017E-08 0.88034E-05 0.46633E-10
61 0.41145E-08 0.82290E-05 0.43590E-10
62 0.38412E-08 0.7682SE-05 0.40695E-10
63 0.35799E-08 0.71598E-05 0.37927E-10
64 0.33291E-08 0.66582E-05 0.3527OR-10
ý65 0.30882E-08 0.61763E-05 0.32717E-10
66 0.28591E-08 0.57182E-05 0.30290E-10
67 0.26377E-08 0.52754E-05 0.27945E-10
68 0.24240E-08 0.48481E-05 0.25681E-10
69 0.22183E-08 0.44367E-05 0.23502E-10
70 0.20180E-08 0.40360E-05 0.21379E-10
71 0.18240E-08 0.36479E-05 0.19324E-10
72 0.16368E-08 0.32737E-05 0.17341E-10
73 0.14540E-08 0.29080E-05 0.15404E-10
74 0.12765E-08 0.25530E-05 0.13524E-10
75 0.11050E-08 0.22099E-05 0.11706E-10
76 0.93449E-09 0-18690E-05 0.99003E-11
77 0.76690E-09 0.15338E-05 0.81248E-11
78 0.6018SE-09 0.12037E-05 0.63762E-11
179 0.43872E-09 0.87744E-06 0.46480E-11
80 0.27688E-09 0.55376E-06 0.29333E-11



RMA 93-03 CPMSO Transport, 500 years
1

0.1 100. 50. 100.
30.0 .0005 11010. 0.58

Polygon I
1. 0.25 .000,57 1.6 0 40 .25 .005

.645 -1. 3.68E-05
80y 100.0
I I 1.12E+02
2 2 B.SIE+01
3 3 2.35E+01
4 4 9.49E+00
5 5 4.32E+00
6 6 2.65E+00
7 7 2.12E+00
8 8 1.91E+00
9 9 1.79E+00

10 10 1.69E+00
11 11 1.60E+00
12 12 1.51E+00
13 13 1.43E+00
14 14 1.35E+00
15 15 1.28E+00
16 16 1.21E+00
17 17 1.15E+00
18 18 1.08E+00
19 19 1.02E+00
20 20 9.69E-01
21 21 9.1GE-01
22 22 8.66E-01
23 23 8.20E-01
24 24 7.75E-01
25 25 7.33E-01
26 26 6.93E-01
27 27 6.56E-01
28 28 6.20E-01
29 29 5.86E-01
30 30 5.54E-01
31 31 5.24E-01
32 32 4.95E-01
33 33 4.68E-01
34 34 4.43E-01
35 35 4.19E-01
36 36 3.95E-01
37 37 3.74E-01
38 38 3.54E-01
39 39 3.34E-01
40 40 3.16E-01
41 41 2.98E-01
42 42 2.81E-01
43 43 2.66E-01
44 44 2.51E-01
45 45 2.37E-01
46 46 2.24E-01
47 47 2.11E-01



48 48 1.99E-01
49 49 1.88E-01
50 50 1.77E-01
51 51 1.67E-01
t2 52 1.57E-01
53 53 1.48E-01
54 54 1.39E-01
55 55 1.31E-01
56 56 1.23E-01
57 57 1. 16E- 01
58 58 1.09E-01
59 59 1. 02E- 01
0 60 9.52E-02
61 61 8.90E-02
62 62 8.31E-02
63 63 7.74E-02
64 64 7.20E-02
ý5 65 6.68E-02
66 66 6.18E-02
G7 67 5.71E-02
68 68 5.24E-02
ý9 69 4.80E- 02
70 70 4.37E-02
71 71 3.95E-02
72 72 3.54E-02
ý3 73 3.15E-02
74 74 2.76E-02
75 75 2.39E-02
76 76 2.02E-02
77 77 1.66E-02
78 78 1.30E-02
79 79 9.49E-03
80 80 5.99E-03



Tame: 100-000 - CPMSO 500 Years

Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(q/g)

1 0.60355E-05 0.12071E-01 0.63942E-07

2 0.34226E-05 0.68452E-02 0.36260E-07

3 0.17122E-05 0.34245E-02 0.18140E-07

4 0.80038E-06 0.16008E-02 0.84795E-08

5 0.39152E-06 0.78304E-03 0.41479E-08

6 0.23169E-06 0.46337E-03 0.24546E-08

7 0.17354E-06 0.34708E-03 0.18385E-08

8 0.15089E-06 0.30178E-03 0.15986E-08

9 0.13944E-06 0.27888E-03 0.14773E-08

10 0.13127E-06 0.26254E-03 0.13907E-08

11 0.12421E-06 0.24842E-03 0.13159E-08

12 0.11754E-06 0.23509E-03 0.12453E-08

13 0.11132E-06 0.22265E-03 0.11794E-08

14 0.10537E-06 0.21075E-03 0.11164E-08

15 0.99843E-07 0.19969E-03 0.10578E-08

16 0.94564E-07 0.18913E-03 0.10018E-08

17 0.89689E-07 0.17938E-03 0.95020E-09

18 0.84805E-07 0.16961E-03 0.89846E-09

19 0.80196E-07 0.16039E-03 0.84962E-09

20 0.76012E-07 0.15202E-03 0.80530E-09

21 0.72009E-07 0.14402E-03 0.76289E-09

22 0.68183E-07 0.13637E-03 0.72235E-09

23 0.64582E-07 0.12916E-03 0 68421E-09

24 0.61148E-07 0.12230E-03 0 64782E-09

25 0.57896E-07 0.11579E-03 0 61337E-09

26 0.54811E-07 0.10962E-03 0 58068E-09

27 0.51908E-07 0.10382E-03 0.54993E-09

28 0.49142E-07 0.98283E-04 0 52062E-09

29 0.46514E-07 0.93027E-04 0 49278E-09

30 0.44026E-07 0.88052E-04 0 46643E-09

31 0.41678E-07 0.83357E-04 0.44156E-09
32 0.39442E-07 0.78884E-04 0 41786E-09

33 0.37328E-07 0.74657E-04 0 39547E-09

34 0.35343E-07 0.7068SE-04 0 37443E-09

35 0.33460E-07 0.66920E-04 0 35448E-09

36 0.31641E-07 0.63282E-04 0.33522E-09
37 0 2994SE-07 0.59890E-04 0 31725E-09
38 0.28350E-07 0.56701E-04 0 30035E-09
39 0.2681SE-07 0.53630E-04 0 28409E-09
40 0.25371E-07 0.50742E-04 0 26879E-09
41 0.23986E-07 0.47972E-04 0.25411E-09
42 0.22665E-07 0.45330E-04 0,24012E-09
43 0.21438E-07 0.42875E-04 0,22712E-09

44 0.20267E-07 0.40534E-04 0 21471E-09
45 0.191SBE-07 0.383IOE-04 0 20293E-09
46 0.18108E-07 0 36215E-04 0 19184E-09
47 0.171OOE-07 0.34200E-04 0 18116E-09

48 0.1614SE-07 0.32289E-04 0 17104E-09
49 0.15249E-07 0.3049SE-04 0 16155E-09

50 0.14389E-07 0.28779E-04 0 15245E-09
51 0.13578E-07 0.2715GE-04 0 14385E-09
52 0.1279SE-07 0.25597E-04 0,13559E-09

53 0.12064E-07 0.24128E-04 0 12781E-09



54 0.11359E-07 0.22719E-04 0.12034E-09
55 0.10698E-07 0.21397E-04 0.11334E-09
56 0.10065E-07 0.20129E-04 0.10663E-09
57 0.94728E-08 0.18946E-04 0.10036E-09
58 0.89066E-08 0.17813E-04 0.94359E-10
59 0.83558E-08 0.16712E-04 0.88524E-10
60 0.78223E-08 0.15645E-04 0.82872E-10
61 0.73174E-08 0.14635E-04 0.77523E-10
62 0.68379E-08 0.13676E-04 0.72443E-10
63 0.63783E-08 0.12757E-04 0.67574E-10
64 0.59388E-08 0.11878E-04 0.62917E-10
65 0.55169E-08 0.11034E-04 0.58448E-10
66 0.511IIE-08 0.10222E-04 0.54149E-10
67 0.47232E-08 0.94464E-05 0.50039E-10
68 0.43461E-08 0.86922E-05 0.46044E-10
69 0.39836E-08 0.79673E-05 0.42204E-10
70 0.36330E-08 0.72660E-05 0.38489E-10
71 0.32920E-08 0.65840E-05 0.3487GE-10
72 0.29597E-08 0.59194E-05 0.31356E-10
73 0.26381E-08 0.52763E-05 0.27949E-10
74 0.23229E-08 0.46459E-05 0.24610E-10
75 0.20166E-08 0.40332E-05 0.21365E-10
76 0.17155E-08 0.34310E-05 0.1817SE-10
77 0.14199E-08 0.28397E-05 0.15043E-10
78 0.11274E-08 0.22548E-05 0.11944E-10
79 0.83901E-09 0.16780E-05 0.88888E-11
80 0.55305E-09 0.11061E-05 0.58592E-11



RMA 93-03 CPMSO Transport, 600 years
1

0.1 100. 50. 100.
30.0 .0005 1100. 0.58

Polygon I 
v

1. 0.25 .00057 1.6 0.40 .25 .005
.678 -1. 6.9SE-05

80Y 100.0
1 1 1.31E+02
2 2 7.40E+01
3 3 3.70E+01
4 4 1.73E+01
5 5 8.47E+00
6 6 5.OIE+00
7 7 3.75E+00
8 8 3.26E+00
9 9 3.02E+00

10 10 2.84E+00
11 11 2.69E+00
12 12 2.54E+00
13 13 2.41E+00
14 14 2.28E+00
15 15 2.16E+00
16 16 2.05E+00
17 17 1.94E+00
18 IS 1.83E+00
19 19 1.73E+00
20 20 1.64E+00
21 21 1.56E+00
22 22 1.47E+00
23 23 1.40E+00
24 24 1.32E+00
25 25 1.25E+00
26 26 1.19E+00
27 27 1.12E+00
28 28 1.06E+00
29 29 1.01E+00
30 30 9.52E-01
31 31 9.02E-01
32 32 8.53E-01
33 33 8.07E-01
34 34 7.64E-01
35 35 7.24E-01
36 36 6.84E-01
37 37 6.48E-01
38 38 6.13E-01
39 39 5.80E-01
40 40 5.49E-01
41 41 5.19E-01
42 42 4-90E-01
43 43 4.64E-01
44 44 4.38E-01
45 45 4.14E-01
46 46 3.92E-01
47 47 3.70E-01



48 48 3.49E-01
49 49 3.30E-01
so 50 3.11E-01
51 51 2.94E-01
152 52 2.77E-01
53 53 2.61E-01
54 54 2.46E-01
55 55 2.31E-01
56 56 2.18E-01
57 57 2.05E-01
58 58 1.93E-01
59 59 1. 81E- 01
60 60 1.69E-01
61 61 1.58E-ol
62 62 1.48E-01
63 63 1.38E-01
64 64 1.28E-01
65 65 1.19E-01
66 66 1.11E-01
67 67 1.02E-01
68 68 9.40E-02
69 69 8.62E-02
70 70 7.86E-02
71 71 7.12E-02
72 72 6.40E-02
73 73 5.71E-02
74 74 5.02E-02
75 75 4.36E-02
76 76 3.71E-02
77 77 3.07E-02
78 78 2.44E-02
79 79 1 - 81E- 02
80 80 1.20E-02



Time: 100.000 - CPMSO 600 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.66921E-05 0.13384E-01 0.70899E-07
2 0.41729E-05 0.83457E-02 0.44209E-07
3 0.23493E-05 0.46985E-02 0 24889E-07
4 0.12357E-05 0.24713E-02 0.13091E-07
5 0.65458E-06 0.13092E-02 0.69349E-08
6 0.38918E-06 0.77836E-03 0.41231E-08
7 0.27860E-06 0.55719E-03 0 29516E-08
8 0.23288E-06 0.46576E-03 0.24672E-08
9 0.21133E-06 0.42267E-03 0.22390E-08

10 0.19772E-06 0.39544E-03 0 20947E-08
11 0.18689E-06 0.37378E-03 0.19800E-08
12 0.17693E-06 0.35386E-03 0.18745E-08
13 0.16778E-06 0.33556E-03 0.17775E-08
14 0.15906E-06 0.31812E-03 0.16852E-08
15 0.15082E-06 0.30164E-03 0 15979E-08
16 0.14312E-06 0.28624E-03 0.15163E-08
17 0.13572E-06 0.27144E-03 0.14378E-08
18 0.12850E-06 0.25699E-03 0 13613E-08
19 0.12167E-06 0.24334E-03 0 12890E-08
20 0.11535E-06 0.23069E-03 0.12220E-08
21 0.10954E-06 0.21908E-03 0.1160SE-08
22 0.10376E-06 0.20751E-03 0.10992E-08
23 0.98499E-07 0.19700E-03 0.10435E-08
24 0.93313E-07 0.18663E-03 0.98859E-09
25 0.88416E-07 0.17683E-03 0.93670E-09
26 0.83963E-07 0.16793E-03 0.88953E-09
27 0.79495E-07 0.15899E-03 0.84219E-09
28 0.7528OB-07 0.15056E-03 0.79754E-09
29 0.71493E-07 0.14299E-03 0.75743E-09
30 0.67727E-07 0.1354SE-03 0.71753E-09
31 0.6417SE-07 0.12835E-03 0.67990E-09
32 0.60797E-07 0.12159E-03 0.64410E-09
33 0.57593E-07 0.11519E-03 0.61016E-09
34 0.54570E-07 0.10914E-03 0.57813E-09
35 0.51728E-07 0.10346E-03 0.54802E-09
36 0.48989E-07 0.97978E-04 0.51901E-09
37 0.46416E-07 0.92831E-04 0.49174E-09
38 0.43969E-07 0.87937E-04 0.46582E-09
39 0.4164SE-07 0.83289E-04 0.44120E-09
40 0.39446E-07 0.78892E-04 0.41791E-09
41 0.37348E-07 0.74695E-04 0.39567E-09
42 0.35335E-07 0.70670E-04 0.37435E-09
43 0.33454E-07 0.66907E-04 0.35442E-09
44 0.31649E-07 0.63298E-04 0.33530E-09
45 0.29940E-07 0.59880E-04 0.31720E-09
46 0-28341E-07 0.56681E-04 0.3002SE-09
47 0.26803E-07 0.53606E-04 0.28396E-09
48 0.25328E-07 0.50656E-04 0.26833E-09
49 0.23945E-07 0.47890E-04 0.25368E-09
50 0.22616E-07 0.45233E-04 0.23960E-09
51 0.21370E-07 0.42740E-04 0.22640E-09
52 0.20173E-07 0.40346E-04 0.21372E-09
53 0.19030E-07 0.38061E-04 0.20161E-09



54 0.17948E-07 0.3589SE-04 0.19014E-09
55 0.16901E-07 0.33801E-04 0.17905E-09
56 0.15927E-07 0.31853E-04 0.16873E-09
57 0.1499SE-07 0.29991E-04 0.15887E-09
58 0.14112E-07 0.28224E-04 0.14951E-09
59 0.13258E-07 0.26517E-04 0.14046E-09
60 0.12423E-07 0.24846E-04 0.13162E-09
61 0.11628E-07 0.23256E-04 0.12319E-09
62 0.10884E-07 0.21767E-04 0.11530E-09
63 0.10166E-07 0.20333E-04 0.10771E-09
64 0.94644E-08 0.18929E-04 0.10027E-09
65 0.87993E-08 0.17599E-04 0.93222E-10
66 0.81812E-08 0.16362E-04 0.8667SE-10
67 0.75624E-08 0.1512SE-04 0.8011SE-10
68 0.69690E-08 0.13938E-04 0.73832E-10
69 0.63984E-08 0.12797E-04 0.67787E-10
70 0.584SIE-08 0.11690E-04 0.61925E-10
71 0.53069E-08 0.10614E-04 0.56223E-10
72 0.47831E-08 0.95661E-05 0.50673E-10

173 0.42753E-08 0.85507E-05 0.45294E-10
74 0.37768E-08 0.75535E-05 0.40012E-10
75 0.329IIE-08 0.65821E-05 0.34867E-10
76 0.28153E-08 0.56306E-05 0.29826E-10
77 0.23473E-08 0.46946E-05 0.24868E-10
78 0.18860E-08 0.37721E-05 0.19981B-10
79 0.14284E-08 0.28568E-05 0.15133E-10
so 0.97759E-09 0.19552E-05 0.10357E-10



RMA 93-03 CPMSO Transport, '700 years
1 0

0.1 100. 50. 100.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.703 -1. 1.17E 04
80y 100.0
1 1 1.45E+02
2 2 9.03E+01
3 3 5.08E+01
4 4 2.67E+01
5 5 1.42E+01
6 6 8.42E+00
7 7 6.03E+00
8 8 5.04E+00
9 9 4.57E+00

10 10 4.28E+00
11 11 4.04E+00
12 12 3.83E+00
13 13 3.63E+00
14 14 3.44E+00
15 15 3.26E+00
16 16 3.10E+00
17 17 2.94E+00
18 18 2.78E+00
19 19 2.63E+00
20 20 2.50E+00
21 21 2.37E+00
22 22 2.24E+00
23 23 2.13E+00
24 24 2.02E+00
25 25 1.91E+00
26 26 1.82E+00
27 27 1.72E+00
28 28 1.63E+00
29 29 1.55E+00
30 30 1.46E+00
31 31 1.39E+00
32 32 1.32E+00
33 33 1.25E+00
34 34 1.18E+00
35 35 1.12E+00
36 36 1.06E+00
37 37 1.OOE+00
38 38 9.51E-01
39 39 9.01E-01
40 40 8.53E-01
41 41 8.08E-01
42 42 7.64E-01
43 43 7.24E-01
44 44 6.85E-01
45 45 6.48E-01
46 46 6.13E-01
47 47 5.80E-01



48 48 5.48E-01
49 49 5.18E-01
50 50 4.89E-01
51 51 4.62E-01
52 52 4.36E-01
53 53 4.12E-01
54 54 3.88E-01
55 55 3.66E-01
56 56 3.45E-01
57 57 3.24E-01
t8 58 3.05E-01
59 59 2.87E-01
60 60 2.69E-01
61 61 2.52E-01
62 62 2.35E-01
63 63 2.20E-01
64 64 2.05E-01
65 65 1.90E-01
ý6 66 1.77E-01
67 67 1.64E-01
68 68 1.51E-01
ý9 69 1.38E-01
70 70 1.26E-01
71 71 1.15E-01
72 72 1.03E-01
73 73 9.25E-02
74 74 8.17E-02
75 75 7.12E-02
76 76 6.09E-02
77 77 5.08E-02
78 78 4 08E-02
79 79 3.09E-02
80 80 2.11E-02

I



Time: 100.000 - CPMSO 700 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.71844E-05 0.14369E-01 0.76114E-07
2 0.47917E-05 0.95833E-02 0.50764E-07
3 0.2948SE-05 0.58971E-02 0.3123SE-07
4 0.17045E-05 0.34090E-02 0.18058E-07
5 0.97477E-06 0.19495E-02 0 10327E-07
6 0.59540E-06 0.11908E-02 0 63079E-08
7 0.41703E-06 0.83406E-03 0.44182E-08
8 0.33684E-06 0.67368E-03 0.35686E-08
9 0.29868E-06 0.59736E-03 0.31643E-08

10 0.27686E-06 0.55371E-03 0.29331E-08
11 0.26080E-06 0.52160E-03 0.27630E-08
12 0.24709E-06 0.49419E-03 0.26178E-08
13 0.23445E-06 0.46890E-03 0.24838E-08
14 0.22250E-06 0.44499E-03 0.23572E-08
15 0.21115E-06 0.42230E-03 0.22370E-08
16 0.20065E-06 0.40130E-03 0.21257E-08
17 0.19059E-06 0.38118E-03 0.20192E-08
18 0.18077E-06 0.36154E-03 0.19151E-08
19 0.17137E-06 0.34274E-03 0.18156E-08
20 0.16275E-06 0.32549E-03 0.17242E-08
21 0.15453E-06 0.30906E-03 0.16371E-08
22 0.14652E-06 0.29303E-03 0.15522E-08
23 0.13915E-06 0.27829E-03 0.14742E-08
24 0.13214E-06 0.26428E-03 0.13999E-08
25 0.12531E-06 0.25063E-03 0.13276E-08
26 0.11911E-06 0.23822E-03 0.12619E-08
27 0.11300E-06 0.22600E-03 0.11972E-08
28 0.10719E-06 0.2143BE-03 0.11356E-08
29 0.10182E-06 0.2036SE-03 0.10788E-08
30 0.96446E-07 0.19289E-03 0.10218E-08
31 0.91574E-07 0.18315E-03 0.97017E-09
32 0.86999E-07 0.17400E-03 0.92169E-09
33 0.82557E-07 0.16511E-03 0.87464E-09
34 0.78203E-07 0.15641E-03 0.82851E-09
35 0.7417SE-07 0.1483SE-03 0.78583E-09
36 0.70334E-07 0.14067E-03 0.74514E-09
37 0.6658SE-07 0.13318E-03 0.70546E-09
38 0.63186E-07 0.12637E-03 0.66942E-09
39 0.59949E-07 0.11990E-03 0.63512E-09
40 0.56838E-07 0.11368E-03 0.60216E-09
41 0.53883E-07 0.10777E-03 0.57086E-09
42 0.51046E-07 0.10209E-03 0.54080E-09
43 0.48380E-07 0.96760E-04 0.51255E-09
44 0.45837E-07 0.91674E-04 0.48561E-09
45 0.43412E-07 0.86824E-04 0.45992E-09
46 0.41108E-07 0.82216E-04 0.43551E-09
47 0.38924E-07 0.77847E-04 0.41237E-09
48 0.36833E-07 0.73665E-04 0.39022E-09
49 0.34846E-07 0.69692E-04 0.36917E-09
so 0.32946E-07 0.65892E-04 0.34904E-09
51 0.31147E-07 0.62294E-04 0.3299SE-09
52 0.29431E-07 0.58861E-04 0.31180E-09
53 0.27811E-07 0.55623E-04 0.29464E-09



54 0.26247E-07 0.52494E-04 0.27807E-09
55 0.24765E-07 0.49530E-04 0.26237E-09
ý56 0.23357E-07 0.46714E-04 0.24745E-09
57 0.21990E-07 0.43980E-04 0.23297E-09
'58 0.20699E-07 0.41397E-04 0.21929E-09
59 0.19477E-07 0.38954E-04 0.20634E-09
60 0.18292E-07 0.36584E-04 0.19379E-09
61 0.17154E-07 0.34309E-04 0.18174E-09
62 0.16046E-07 0.32092E-04 0.170OOE-09
,63 0.15007E-07 0.30014E-04 0.15899E-09
ý64 0.14007E-07 0.28014E-04 0.14840E-09
65 0.13027E-07 0.26053E-04 0.13801E-09
66 0.12110E-07 0.24221E-04 0.12830E-09
67 0.11230E-07 0.22460E-04 0.11897E-09
68 0.10366E-07 0.20732E-04 0.10982E-09
'69 0.95139E-08 0.19028E-04 0.10079E-09
70 0.86963E-08 0.17393E-04 0.92132E-10
71 0.79242E-08 0.15848E-04 0.83952E-10
72 0.71495E-08 0.14299E-04 0.7574SE-10
73 0.641IOE-08 0.12822E-04 0.67921E-10
74 0.56867E-08 0.11373E-04 0.60247E-10
75 0.49758E-08 0.99515E-05 0.52715E-10
76 0.42780E-08 0.85561E-05 0.45323E-10
77 0.35926E-08 0.71851E-05 0.38061E-10
78 0.29161E-08 0.58321E-05 0.30894E-10
79 0.22466E-08 0.44933E-05 0.23802E-10
80 0.15833E-08 0.31665E-05 0.16774E-10



RMA 93-03 CPMSO Transport, 800 years
1 1-

0.1 100. 50. 100.
30.0 .0005 1200. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.723 -1. 1.83E-04
80Y 100.0
I I 1.55E+02
2 2 1.04E+02
3 3 6.38E+01
4 4 3.69E+01
5 5 2.11E+01
6 6 1.29E+01
7 7 9.02E+00
8 8 7.29E+00
9 9 6.46E+00

10 10 5.99E+00
11 11 5.64E+00
12 12 5.34E+00
13 13 5.07E+00
14 14 4.81E+00
15 15 4.57E+00
16 16 4.34E+00
17 17 4.12E+00
18 18 3.91E+00
19 19 3.71E+00
20 20 3.52E+00
21 21 3.34E+00
22 22 3.17E+00
23 23 3.01E+00
24 24 2.86E+00
25 25 2.71E+00
26 26 2.58E+00
27 27 2.44E+00
28 28 2.32E+00
29 29 2.20E+00
30 30 2.09E+00
31 31 1.98E+00
32 32 1.88E+00
33 33 1.79E+00
34 34 1.69E+00
35 35 1.60E+00
36 36 1.52E+00
37 37 1.44E+00
38 38 1.37E+00
39 39 1.30E+00
40 40 1.23E+00
41 41 1.17E+00
42 42 1.10E+00
43 43 I.OSE+00
44 44 9.91E-01
45 45 9.39E-01
46 46 8.89E-01
47 47 8.42E-01



48 48 7.97E-01
49 49 7.54E-01
50 50 7.13E-01
51 51 6.74E-01
52 52 6.37E-01
53 53 6.02E-01
54 54 5.68E-01
55 55 5.36E-01
56 56 5.05E-01
ý7 57 4.76E-01
58 58 4.48E-01
59 59 4.21E-01
60 60 3.96E-01
61 61 3.71E-01
62 62 3.47E-01
63 63 3.25E-01
ý4 64 3.03E-01
65 65 2.82E-01
66 66 2.62E-01
67 67 2.43E-01
68 68 2.24E-01
69 69 2.06E-01
70 70 1.88E-01
71 71 1. 71E- 01
72 72 1.55E-01
73 73 1.39E-01
74 74 1.23E-01
75 75 1.08E-01
76 76 9.25E-02
77 77 7.77E-02
78 78 6.31E-02
79 79 4.86E-02
80 80 3.42E-02



Time: 100.000 - CPMO 800 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(q/g)

1 0.75517E-05 0.15103E-01 0.80005E-07
2 0.52934E-05 0.10587E-01 0.56080E-07
3 0.3485SE-05 0.69709E-02 0.36926E-07
4 0.21747E-05 0.43493E-02 0.23039E-07
5 0.1329SE-05 0.26590E-02 0.14085E-07
6 0.84319E-06 0.16864E-02 0.89330E-08
7 0.58877E-06 0.1177SE-02 0.62376E-08
8 0.46402E-06 0.92803E-03 0.49160E-08
9 0.40230E-06 0.80459E-03 0.42621E-08

10 0.36828E-06 0.73656E-03 0.39017E-08
11 0.34527E-06 0.69054E-03 0.36579E-08
12 0.32663E-06 0.65327E-03 0.34605E-08
13 0.310IOE-06 0.62020E-03 0.32853E-08
14 0.29461E-06 0.58922E-03 0.31212E-08
15 0.28007E-06 0.56013E-03 0.29671E-08
16 0.26627E-06 0.53253E-03 0.28209E-08
17 0.25310E-06 0.50620E-03 0.26814E-08
18 0.24053E-06 0.4810SE-03 0.25482E-08
19 0.22854E-06 0.45708E-03 0.24212E-08
20 0.21713E-06 0.43426E-03 0.23004E-08
21 0.20629E-06 0.41258E-03 0.21855E-08
22 0.19601E-06 0.39202E-03 0.20766E-08
23 0.18628E-06 0.37256E-03 0.19735E-08
24 0.17710E-06 0.35419E-03 0.18762E-08
25 0.16820E-06 0.33641E-03 0.17820E-08
26 0.15997E-06 0.31995E-03 0.1694BE-08
27 0.15186E-06 0.30372E-03 0.16089E-08
28 0.14431E-06 0.28862E-03 0.15289E-08
29 0.13709E-06 0.2741SE-03 0.14524E-08
30 0.1302BE-06 0.2605SE-03 0.13802E-08
31 0.12370E-06 0.24739E-03 0.13105E-08
32 0.11750E-06 0.23499E-03 0.1244SE-08
33 0.11176E-06 0.22352E-03 0.11840E-08
34 0.10601E-06 0.21202E-03 0.11231E-08
35 0.100SIE-06 0.20103E-03 0.10649E-08
36 0.95444E-07 0.19089E-03 0.10112E-08
37 0 90593E-07 0.18119E-03 0.95977E-09
38 0.86097E-07 0.17219E-03 0.91214E-09
39 0.81795E-07 0.16359E-03 0.86656E-09
40 0.77588E-07 0.15518E-03 0.82200E-09
41 0.73701E-07 0.14740E-03 0.78081E-09
42 0.69743E-07 0.13949E-03 0.73888E-09
43 0.66254E-07 0.13251E-03 0.70192E-09
44 0.62806E-07 0.12561E-03 0.66539E-09
45 0.59532E-07 0.11906E-03 0.63070E-09
46 0.56424E-07 0.1128BE-03 0.59778E-09
47 0.53478E-07 0.10696E-03 0.56657E-09
48 0.50671E-07 0.10134E-03 0.53683E-09
49 0.47991E-07 0.95981E-04 0.50843E-09
50 0.45431E-07 0.90862E-04 0.48131E-09
51 0.42990E-07 0.85981E-04 0.4554SE-09
52 0.40666E-07 0.81333E-04 0.43083E-09
53 0.38457E-07 0.76915E-04 0.40743E-09



54 0.36336E-07 0.72673E-04 0.38496E-09
55 0.3431SE-07 0.68630E-04 0.36354E-09
56 0.32376E-07 0.64751E-04 0.34300E-09
57 0.30532E-07 0.61064E-04 0.32346E-09
58 0.28767E-07 0.57533E-04 0.30476E-09
59 0.27069E-07 0.54139E-04 0.28678E-09
60 0.25461E-07 0.50922E-04 0.26974E-09
61 0.23902E-07 0.47803E-04 0.25322E-09
62 0.22394E-07 0.44789E-04 0.23725E-09
63 0.20969E-07 0.41938E-04 0.22215E-09
64 0.1958SE-07 0.39177E-04 0.20753E-09
65 0.18256E-07 0.36512E-04 0.19341E-09
66 0.16977E-07 0.33954E-04 0.17986E-09
67 0.15753E-07 0.31505E-04 0.16689E-09
68 0.14557E-07 0.29114E-04 0.15422E-09
69 0.13402E-07 0.26804E-04 0.14199E-09
ýo 0.12271E-07 0.24543E-04 0.130OIE-09
71 0.11179E-07 0.22358E-04 0.11844E-09
72 0.10134E-07 0.20267E-04 0.10736E-09
73 0.91116E-08 0.18223E-04 0.96531E-10
74 0.81005E-08 0.16201E-04 0.85819E-10
75 0.71219E-08 0.14244E-04 0.75452E-10
76 0.61486E-08 0.12297E-04 0.65140E-10
ý7 0.51949E-08 0-10390E-04 0.55036E-10
78 0.42577E-08 0.85154E-05 0.45107E-10
79 0.33305E-08 0.66611E-05 0.35285E-10
so 0.24105E-08 0.48209E-05 0.25537E-10



RMA 93-03 CPMSO Transport, 900 years

0.1 100. 50. 106.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.740 -1. 2.68E-04
80Y 100.0
1 1 1.63E+02
2 2 1.15E+02
3 3 7.54E+01
4 4 4.70E+01
5 5 2.88E+01
6 6 1.82E+01
7 7 1.27E+01
8 8 1.OOE+01
9 9 8.70E+00

10 10 7.97E+00
11 11 7.47E+00
12 12 7.07E+00
13 13 6.71E+00
14 14 6.37E+00
15 15 6.06E+00
16 16 5.76E+00
17 17 5.47E+00
18 18 5.20E+00
19 19 4.94E+00
20 20 4.70E+00
21 21 4.46E+00
22 22 4.24E+00
23 23 4.03E+00
24 24 3.83E+00
25 25 3.64E+00
26 26 3.46E+00
27 27 3.28E+00
28 28 3.12E+00
29 29 2.97E+00
30 30 2.82E+00
31 31 2.68E+00
32 32 2.54E+00
33 33 2.42E+00
34 34 2.29E+00
35 35 2.17E+00
36 36 2.06E+00
37 37 1.96E+00
38 38 1.86E+00
39 39 1.77E+00
40 40 1.68E+00
41 41 1.59E+00
42 42 1.51E+00
43 43 1.43E+00
44 44 1.36E+00
45 45 1.29E+00
46 46 1.22E+00
47 47 1.16E+00



48 48 1.10E+00
49 49 1.04E+00
so 50 9.83E-01
51 51 9.30E-01
52 52 8.80E-01
53 53 8.32E-01
54 54 7.86E-01
55 55 7.42E-01
56 56 7. OOE-01
57 57 6. 60E-01
58 58 6.22E-01
59 59 5.86E-01
60 60 5.51E-01
61 61 5.17E-01
62 62 4.84E-01
63 63 4.54E-01
64 64 4.24E-01
65 65 3.95E-01
66 66 3. 67E-01
67 G7 3.41E-01
68 68 3.15E-01
69 69 2.90E-01
70 70 2.65E-01
71 71 2.42E-01
72 72 2.19E-01
73 73 1.97E-01
74 74 1.75E-01
75 75 1.54E-01
76 76 1.33E-01
77 77 1.12E-01
78 78 9.21E-02
ý9 79 7.20E-02
80 80 5.21E-02
I



T3-me: 100-000 - CPMSO 900 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

I 0.78537E-05 0.15707E-01 0.83205E-07
2 0.57007E-05 0.11401E-01 0.60396E-07

3 0.39496E-05 0.78993E-02 0.41844E-07
4 0.26173E-05 0.52346E-02 0.27728E-07
5 0.16974E-05 0.33949E-02 0.17983E-07
6 0.11193E-05 0.22386E-02 0.11858E-07
7 0.78893E-06 0.15779E-02 0.83582E-08
8 0.61297E-06 0.12259E-02 0.64940E-08
9 0.52207E-06 0.10441E-02 0.55310E-08
10 0.47199E-06 0.94397E-03 0.50004E-08
11 0.43976E-06 0.87951E-03 0.46589E-08
12 0.41525E-06 0.83050E-03 0.43993E-08
13 0.39411E-06 0.78822E-03 0.41753E-08
14 0.37459E-06 0.74918E-03 0.39686E-08
15 0.35646E-06 0.71293E-03 0.37765E-08
16 0.33925E-06 0.67849E-03 0.35941E-08
17 0.32271E-06 0.64543E-03 Cl.34189E-08
18 0.30705E-06 0.61410E-03 0.32530E-08
19 0.29211E-06 0.58422E-03 0.30947E-08
20 0.27804E-06 0.55607E-03 0,.29456E-08
21 0.26442E-06 0.52885E-03 0,.28014E-08
22 0.25155E-06 0.50309E-03 0.26650E-08
23 0.23933E-06 0.47867E-03 0.25356E-08
24 0.22770E-06 0.45541E-03 0.24124E-08
25 0.21663E-06 0.43327E-03 0.22951E-08
26 0-20611E-06 0.41222E-03 0.21836E-08
27 0.1958BE-06 0.39176E-03 0.20752E-08
28 0.18632E-06 0.37263E-03 0.19739E-08
29 0.17737E-06 0.35474E-03 0.18791E-08
30 0.16872E-06 0.33744E-03 0.17875E-08
31 0.16047E-06 0.32095E-03 0.17001E-08
32 0.15246E-06 0.30492E-03 0.16152E-08
33 0.14509E-06 0.29017E-03 0.15371E-08
34 0.13780E-06 0.27560E-03 0.14599E-08
35 0.13080E-06 0.26160E-03 0.13858E-08
36 0.12424E-06 0.24849E-03 0.13163E-08
37 0.11817E-06 0.23633E-03 0.12519E-08
38 0.11232E-06 0.22464E-03 0.11900E-08
39 0.10684E-06 0.2136BE-03 0.11319E-08
40 0.10156E-06 0.20312E-03 0.10760E-08
41 0.96379E-07 0.19276E-03 0.10211E-08
42 0.91524E-07 0.18305E-03 0.96964E-09
43 0.86853E-07 0.17371E-03 0.92015E-09
44 0.82523E-07 0.1650SE-03 0.87428E-09
45 0.78375E-07 0.15675E-03 0.83034E-09
46 0.74314E-07 0.14863E-03 0.78730E-09
47 0.70561E-07 0.14112E-03 0.74755E-09
48 0.66978E-07 0.13396E-03 0.70959E-09
49 0.63473E-07 0.12695E-03 0.67245E-09
50 0.60094E-07 0.12019E-03 0.63666E-09
51 0.56896E-07 0.11379E-03 0.60278E-09
52 0.53871E-07 0.10774E-03 0.57073E-09
53 0.50984E-07 0.10197E-03 0.54014E-09



54 0.48219E-07 0.96437E-04 0.51085E-09
55 0.45570E-07 0.91141E-04 0.48279E-09
56 0.43037E-07 0.86073E-04 0.45595E-09
57 0.40616E-07 0.81231E-04 0.43030E-09
58 0.38305E-07 0.76611E-04 0.40582E-09
59 0.36104E-07 0.7220SE-04 0.38250E-09
60 0.33985E-07 0.67971E-04 0.36005E-09
61 0.31936E-07 0.63872E-04 0.33834E-09
62 0.29952E-07 0.59903E-04 0.31732E-09
63 0.28080E-07 0.56160E-04 0.29749E-09
64 0.26268E-07 0.52537E-04 0.27830E-09
65 0.24511E-07 0.49022E-04 0.2596SE-09
66 0.22810E-07 0.45620E-04 0.24166E-09
67 0.21192E-07 0.42383E-04 0.22451E-09
68 0.19616E-07 0.39232E-04 0.20782E-09
69 0.18086E-07 0.36173E-04 0.19161E-09
70 0.16583E-07 0.33167E-04 0.17569E-09
71 0.15146E-07 0.30292E-04 0.16046E-09
72 0.13744E-07 0.27488E-04 0.14561E-09
73 0.12383E-07 0.24766E-04 0.13119E-09
74 0.11044E-07 0.22088E-04 0.11700E-09
75 0.97409E-08 0.19482E-04 0-10320E-09
76 0.84574E-08 0.16915E-04 0.89600E-10
77 0.71829E-08 0.14366E-04 0.76098E-10
78 0.5941SE-08 0.11883E-04 0.62947E-10
79 0.47122E-08 0.94244E-05 0.49923E-10

180 0.3491SE-08 0.69836E-05 0.36993E-10



RMA 93-03 CPMSO Transport, 1000 years
1

0.1 100. so. 100.
30.0 .0005 1100. 0.58

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.754 -1. 3.77E-04
SOY 100.0
1 1 1.70E+02
2 2 1.23E+02
3 3 8.54E+01
4 4 5.66E+01
5 5 3.67E+01
6 6 2.42E+01
7 7 1.71E+01
8 8 1.33E+01
9 9 1.13E+01

10 10 1.02E+01
11 11 9.51E+00
12 12 8.98E+00
13 13 8.52E+00
14 14 8.10E+00
is 15 7.71E+00
16 16 7.34E+00
17 17 6.98E+00
18 18 6.64E+00
19 19 6.32E+00
20 20 6.01E+00
21 21 5.72E+00
22 22 5.44E+00
23 23 5.18E+00
24 24 4.93E+00
25 25 4.69E+00
26 26 4.46E+00
27 27 4.24E+00
28 28 4.03E+00
29 29 3.84E+00
30 30 3.65E+00
31 31 3.47E+00
32 32 3.30E+00
33 33 3.14E+00
34 34 2.98E+00
35 35 2.83E+00
36 36 2.69E+00
37 37 2.56E+00
38 38 2.43E+00
39 39 2.31E+00
40 40 2.20E+00
41 41 2.08E+00
42 42 1.98E+00
43 43 1.88E+00
44 44 1.79E+00
45 45 1.70E+00
46 46 1.61E+00
47 47 1.53E+00



48 48 1.45E+00
49 49 1.37E+00
50 50 1.30E+00
51 51 1.23E+00
52 52 1.17E+00
53 53 1. 10E+00
54 54 1.04E+00
ý5 55 9.86E-01
56 56 9.31E-01
57 57 8.79E-01
58 58 8.29E-01
t9 59 7.81E-01
60 60 7.35E-01
61 61 6.91E-01
62 62 6.48E-01
ý3 63 6.07E-01
64 64 5.68E-01
65 65 5.30E-01
66 66 4.93E-01
67 67 4.58E-01
68 68 4.24E-01
69 69 3.91E-01
70 70 3.59E-01
71 71 3.28E-01
72 72 2.97E-01
73 73 2. 68E- 01
74 74 2.39E-01
75 75 2.11E-01
76 76 1.83E-01
77 77 1.55E-01
78 78 1.29E-01
79 79 1.02E-01
80 80 7.55E-02



Time: 100.000 - CPMSO 1000 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.81154E-OS 0.16231E-01 0.85977E-07
2 0.60178E-05 0.12036E-01 0.63754E-07
3 0.43351E-05 0.86703E-02 0.45928E-07
4 0.3019SE-05 0.60391E-02 0.31990E-07
5 0.20582E-05 0.41165E-02 0.21806E-07
6 0.14124E-05 0.28247E-02 0.14963E-07
7 0.10149E-05 0.20298E-02 0.10752E-07
8 0.78652E-06 0.15730E-02 0.83327E-08
9 0.65959E-06 0.13192E-02 0.69879E-08
10 0.58779E-06 0.11756E-02 0.62272E-08
11 0.54346E-06 0.10869E-02 0.57576E-08
12 0.51153E-06 0.10231E-02 0.54193E-08
13 0.48507E-06 0.97013E-03 0.51389E-08
14 0.4613SE-06 0.92269E-03 0.48876E-08
15 0.43938E-06 0.87876E-03 0.46550E-08
16 0.41866E-06 0.83733E-03 0.44355E-08
17 0.39877E-06 0.79754E-03 0.42247E-08
18 0.37980E-06 0.75959E-03 0.40237E-08
19 0.36181E-06 0.72362E-03 0.38331E-08
20 0.34458E-06 0.68915E-03 0.36506E-08
21 0.32822E-06 0.65645E-03 0.34773E-08
22 0.31259E-06 0.62517E-03 0.33116E-08
23 0.29781E-06 0.59562E-03 0.315SIE-08
24 0.28373E-06 0.56745E-03 0.30059E-08
25 0.27024E-06 0.54048E-03 0.28630E-08
26 0.25732E-06 0.51464E-03 0.27261E-08
27 0.24495E-06 0.48991E-03 0.25951E-08
28 0.23313E-06 0.46627E-03 0.24699E-08
29 0.22211E-06 0.44421E-03 0.23531E-08
30 0.21148E-06 0.42295E-03 0.22405E-08
31 0.20129E-06 0.40258E-03 0.21325E-08
32 0.19160E-06 0.38320E-03 0.20299E-08
33 0.18242E-06 0.36485E-03 0.19327E-08
34 0.17351E-06 0.34702E-03 0.18382E-08
35 0.16499E-06 0.32998E-03 0.17479E-08
36 0.15694E-06 0.31388E-03 0.16627E-08
37 0.14939E-06 0.29877E-03 0.15827E-08
38 0.14208E-06 0.28415E-03 0.15052E-08
39 0.13514E-06 0.27027E-03 0.14317E-08
40 0.12866E-06 0.25731E-03 0.13630E-08
41 0.12215E-06 0.24431E-03 0.12941E-08
42 0.11614E-06 0.23229E-03 0.12305E-08
43 0.11042E-06 0.22084E-03 0.11698E-08
44 0.10507E-06 0.21013E-03 0.11131E-08
45 0.99908E-07 0.19982E-03 0.1058SE-08
46 0.94843E-07 0.18969E-03 0.10048E-08
47 0.90095E-07 0.18019E-03 0.95450E-09
48 0.85523E-07 0.17105E-03 0.90606E-09
49 0.81035E-07 0.16207E-03 0.85851E-09
50 0.76854E-07 0.15371E-03 0.81422E-09
51 0.72842E-07 0.14568E-03 0.77172E-09
52 0.69156E-07 0.13831E-03 0.73266E-09
53 0.65387E-07 0.13077E-03 0.69273E-09



54 0.61823E-07 0.12365E-03 0.65498E-09
55 0.58545E-07 0.11709E-03 0.62024E-09
56 0.55374E-07 0.1107SE-03 0.58665E-09
57 0.52324E-07 0.1046SE-03 0.55434E-09
58 0.49396E-07 0.98791E-04 0.52331E-09
59 0.46582E-07 0.93164E-04 0.49350E-09
60 0.43880E-07 0.87760E-04 0.46488E-09
61 0.41288E-07 0.82575E-04 0.43742E-09
62 0.38779E-07 0.77557E-04 0.41083E-09
63 0.36364E-07 0.72728E-04 0.3852SE-09

164 0.34051E-07 0.68103E-04 0.3607SE-09
65 0.31816E-07 0.63633E-04 0.33707E-09
66 0.29646E-07 0.59292E-04 0.31408E-09
,67 0.27562E-07 0.55124E-04 0.292OOE-09
68 0.25548E-07 0-51096E-04 0.27066E-09
69 0.23594E-07 0.47188E-04 0.24996E-09
70 0.21697E-07 0.43394E-04 0.22986E-09
71 0.19854E-07 0.39708E-04 0.21034E-09
72 0.18040E-07 0.36080E-04 0-19112E-09
73 0.16291E-07 0.32583E-04 0.17260E-09
74 0.14577E-07 0.29155E-04 0.15444E-09
75 0.12904E-07 0.25807E-04 0.13671E-09
76 0.11251E-07 0.22502E-04 0.11920E-09
'77 0.96088E-08 0.19218E-04 0-10180E-09
78 0.80229E-08 0.16046E-04 0.84997E-10
79 0.64404E-08 0.128BIE-04 0.68232E-10
80 0.48682E-08 0.97363E-05 0.5157SE-10



RMA 93-03 DBCP Transport, F3.rst 100 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I 
w

1. 0.25 .00057 1.6 0.40 .25 .005
.079 -1. 0.

80y 100.0
1 1 0.0
2 2 0.0
3 3 0.0
4 4 0.0
5 5 0.0
6 6 0.0
7 7 0.0
8 8 0.0
9 9 0.0

10 10 0.0
11 11 0.0
12 12 0.0
13 13 0.0
14 14 0.0
15 15 0.0
16 16 0.0
17 17 0.0
18 18 0.0
19 19 0.0
20 20 0.0
21 21 0.0
22 22 0.0
23 23 0.0
24 24 0.0
25 25 0.0
26 26 0.0
27 27 0.0
28 28 0.0
29 29 0.0
30 30 0.0
31 31 0.0
32 32 0.0
33 33 0.0
34 34 0.0
35 35 0.0
36 36 0.0
37 37 0.0
38 38 0.0
39 39 0.0
40 40 0.0
41 41 0.0
42 42 0.0
43 43 0.0
44 44 0.0
45 45 0.0
46 46 0.0
47 47 0.0



48 48 0.0
49 49 0.0
50 50 0.0
51 51 0.0
52 52 0.0
53 53 0.0
54 54 0.0
55 55 0.0
56 56 0.0
57 57 0.0
58 58 0.0
59 59 0.0
60 60 0.0
61 61 0.0
62 62 0.0
63 63 0.0
64 64 0.0
65 65 0.0
66 66 0.0
67 67 0.0
68 68 0.0
69 69 0.0

,70 70 0.0
71 71 0.0
72 72 0.0
73 73 0.0
74 74 0.0
75 75 0.0
76 76 0.0
77 77 0.0
78 78 0.0
79 79 0.0
80 80 0.0



------------------------------------------------------------

VLEACH (Version 2.2, 1995)

By:
Varadhan Ravi and Jeffrey A. Johnson

(USEPA Contractors)
Center for Subsurface Modeling Support
Robert S. Kerr Environmental Research Laboratory
U.S. Environmental Protection Agency
P.O. Box 1398
Ada, OK 74820

Based on the original VLEACH (version 1.0)
developed by CH2M Hill, Redding, California
for USEPA Region IX

------------------------------------------------------------

RMA 93-03 DBCP Transport, First 100 years
1 polygons.

Timestep = 0.10 years. Simulation length 100.00 years.
Printout every 50.00 years. Vertical profile stored every 100.00 years.
Koc 98.000 ml/g, 0.34608E-02cu.ft./g
Kh 0.14700E-01 (dimensionless).
Aqueous solubility = 1300.0 mg/l, 31.149 g/cu.ft
Free air diffusion coefficient = .68000 sq. m/day, 2671.7 sq.ft./yr

Polygon 1
Polygon I
Polygon area 2.0000 sq. ft.
80 cells, each cell 0.250 ft. thick.

Soil Properties:
Bulk density = 1.6000 g/ml, 45307. g/cu.ft.
Porosity = 0.4000 Volumetric water content = 0.2500
Organic carbon content = 0.00500000

Recharge Rate - 0.00057000 ft/yr
Conc. in recharge water = 0.79000E-01mg/l, 0.22370E-02g/cu.ft
Atmospheric concentration -1.0000 mg/1' -0.28317E-Olg/cu.ft
Water table has a fixed concentration of 0.00000 mg/l, 0.00000

with respect to gas diffusion.



Time: 100.000 - DBCP 100 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(q/g)

I 0.29446E-05 0.20032E-03 0.34663E-08
2 0.35793E-06 0.24349E-04 0.42134E-09
3 0.16607E-06 0.11298E-04 0.19549E-09
4 0.14923E-06 0.10152E-04 0.17567E-09
5 0.14295E-06 0.97247E-05 0.16828E-09
6 0.13739E-06 0.93464E-05 0.16173E-09
7 0.13206E-06 0.89836E-05 0.15545E-09
8 0.12692E-06 0.86343E-05 0.14941E-09
9 0.12198E-06 0.82980E-05 0.14359E-09

10 0.11722E-06 0.79742E-05 0.13799E-09
11 0.11264E-06 0.76626E-05 0.13259E-09
12 0.10823E-06 0.73626E-05 0.12740E-09
13 0.10399E-06 0.70739E-05 0.12241E-09
14 0.99901E-07 0.67960E-05 0.11760E-09
15 0.95969E-07 0.65285E-05 0.11297E-09
16 0.92184E-07 0.62710E-05 0.10851E-09
17 0.88542E-07 0.60233E-05 0.10423E-09
18 0.85037E-07 0.57849E-05 0.1001OH-09
19 0.81664E-07 0.55554E-05 0.96131E-10
20 0.78419E-07 0.53346E-05 0.92310E-10
21 0.75295E-07 0.51221E-05 0.88634E-10
22 0.72289E-07 0.49177E-05 0.85095E-10
23 0.69397E-07 0.47209E-05 0.81691E-10
ý4 0.66614E-07 0.45316E-05 0.7841SE-10
25 0.63936E-07 0.43494E-05 0.75262E-10
26 0.61359E-07 0.41741E-05 0.72228E-10
27 0.58879E-07 0.40054E-05 0.69309E-10
28 0.56492E-07 0.38430E-05 0.665OOE-10
29 0.54196E-07 0.3686SE-05 0.63797E-10
30 0.51986E-07 0.35365E-05 0.61195E-10
31 0.49859E-07 0.33918E-05 0.58692E-10
32 0.47812E-07 0.32525E-05 0.56282E-10
ý3 0.45842E-07 0.31185E-05 0.53963E-10
ý4 0.4394SE-07 0.29895E-05 0.51730E-10
35 0.42120E-07 0.28653E-05 0.49581E-10
ý6 0.40362E-07 0.27457E-05 0.47513E-10
37 0.38670E-07 0.26306E-05 0.45521E-10
38 0.37041E-07 0.25198E-05 0.43603E-10
39 0.35472E-07 0.2413IB-05 0.41756E-10
40 0.33961E-07 0.23102E-05 0.39977E-10
41 0.3250SE-07 0.22112E-05 0.38263E-10
42 0.31102E-07 0.21158E-05 0.36612E-10
43 0.29750E-07 0.20238E-05 0.35021E-10
44 0.2844SE-07 0.19352E-05 0.33487E-10
45 0.27191E-07 0.18498E-05 0.32008E-10
46 0.25980E-07 0.17674E-05 0.30583E-10
47 0.24812E-07 0.16879E-05 0.29207E-10
48 0.23684E-07 0.16112E-05 0.27880E-10
4,9 0.22596E-07 0.15372E-05 0.26599E-10
50 0.21546E-07 0.14657E-05 0.25362E-10
51 0.20531E-07 0.13966E-05 0.24168E-10
52 0.19550E-07 0.13299E-05 0.23013E-10
53 0.18602E-07 0.12654E-05 0.21897E-10



RMA 93-03 DBCP Transport, 200 years
I

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.287 -1. 3.29E-06
80y 100.0
1 1 4.59E+00
2 2 5.58E-01
3 3 2.59E-01
4 4 2.33E-01
5 5 2.23E-01
6 6 2.14E-01
7 7 2.06E-01
8 8 1.98E-01
9 9 1.90E-01

10 10 1.83E-01
11 11 1.76E-01
12 12 1.69E-01
13 13 1.62E-01
14 14 1.56E-01
15 15 1.50E-01
16 16 1.44E-01
17 17 1.38E-01
18 18 1.33E-01
19 19 1.27E-01
20 20 1.22E-01
21 21 1.17E-01
22 22 1.13E-01
23 23 1.08E-01
24 24 1.04E-01
25 25 9.9GE-02
2G 26 9.56E-02
27 27 9.17E-02
28 28 8.80E-02
29 29 8.44E-02
30 30 8.10E-02
31 31 7.77E-02
32 32 7.45E-02
33 33 7.14E-02
34 34 6.85E-02
35 35 6.56E-02
36 36 6.29E-02
37 37 6.03R-02
38 38 5.77E-02
39 39 5.53E-02
40 40 5.29E-02
41 41 5.06E-02
42 42 4.85E-02
43 43 4.64E-02
44 44 4-43E-02
45 45 4.24E-02
46 46 4.05E-02
47 47 3.87E-02



54 0.17684E-07 0.12030E-05 0.20817E-10
55 0.16797E-07 0.11426E-05 0.19772E-10
56 0.15937E-07 0.10842E-05 0.18760E-10
57 0.15104E-07 0.10275E-05 0.17780E-10
58 0.14297E-07 0.97256E-06 0.16829E-10
59 0.13513E-07 0.91926E-06 0.15907E-10
60 0.12752E-07 0.86750E-06 0.150IIE-10
61 0.12013E-07 0.81720E-06 0.14141E-10
62 0.11294E-07 0.7682SE-06 0.13294E-10
63 0.10594E-07 0.72065E-06 0.12470E-10
64 0.99112E-08 0.67423E-06 0.11667E-10
65 0.92457E-08 0.62896E-06 0.10884E-10
66 0.85958E-08 0.58475E-06 0.10119E-10
67 0.79604E-08 0.54152E-06 0.93706E-11
68 0.73385E-08 0.49922E-06 0.86385E-11
69 0.67290E-08 0.45776E-06 0.79211E-11
70 0.61309E-08 0.41707E-06 0.72170E-11
71 0.55432E-08 0.37709E-06 0.65252E-11
72 0.49649E-08 0.33775E-06 0.58445E-11
73 0.43951E-08 0.29898E-06 0.51736E-11
74 0.38326E-08 0.26072E-06 0.45116E-11
75 0.32767E-08 0.22291E-06 0.38572E-11
76 0.27263E-08 0.18547E-06 0.32093E-11
77 0.21806E-08 0.14834E-06 0.25669E-11
78 0.16385E-08 0.11146E-06 0.19288E-11
79 0.10992E-08 0.74777E-07 0.12940E-11
so 0.5617SE-09 0.38216E-07 0.66130E-12



Time: 100.000 - DBCP 200 Years
Cell Cqas (g/ cu. f t) Cliq(g/cu.ft) Csol(g/g)

I 0.11117E-04 0.75628E-03 0.13087E-07
2 0.15441E-05 0.10504E-03 0.18177E-08
3 0.77962E-06 0.53035E-04 0.91773E-09
4 0.70490E-06 0.47952E-04 0.82977E-09
5 0.67780B-06 0.46109E-04 0.79787E-09
6 0.65433E-06 0.44512E-04 0.77024E-09
7 0.63181E-06 0.429SOE-04 0.743'73E-09
8 0.61002E-06 0.41498E-04 0.71809E-09
9 0.58892E-06 0.40063E-04 0.693R5E-09

10 0.5685SE-06 0.38677E-04 0.66927E-09
11 0.54884E-06 0.37336E-04 0.64606E-09
12 0.5297SE-06 0.36037E-04 0.623159E-09
13 0.51126E-06 0.34780E-04 0.60183E-09
14 0.49342E-06 0.33566E-04 0.58083E-09
15 0.47616E-06 0.32392E-04 0.560151E-09
16 0.45945E-06 0.3125SE-04 0.54084E-09
17 0.44327E-06 0.30154E-04 0.52180E-09
18 0.42766E-06 0.29093E-04 0.50342E-09
19 0.41251E-06 0.28062E-04 0.485158E-09
20 0.39788E-06 0.27067E-04 0.46836E-09
21 0.38373E-06 0.26104E-04 0.451'71E-09
22 0.37009E-06 0.25176E-04 0.43566E-09
23 0.35684E-06 0.24275E-04 0.42006E-09
24 0.34406E-06 0.23406E-04 0.405OIE-09
25 0.33168E-06 0.2256BE-04 0.39043E-09
26 0.31970E-06 0.21749E-04 0.37634E-09
27 0.30812E-06 0.20961E-04 0.362'71E-09
28 0.29692E-06 0.20199E-04 0.34952E-09
29 0.28609E-06 0.19462E-04 0.33677E-09
30 0.27561E-06 0.18749E-04 0.32443E-09
31 0.26547E-06 0.18059E-04 0.31249E-09
32 0.25565E-06 0.17391E-04 0.30094E-09
33 0.24616E-06 0.16745E-04 0.289'76E-09
34 0.23697E-06 0.16120E-04 0.27895E-09
35 0.22807E-06 0.15515E-04 0.26848E-09
36 0.21947E-06 0.14930E-04 0.25835E-09
37 0.21114E-06 0.14363E-04 0.24854E-09
38 0.20307E-06 0.13814E-04 0.23904E-09
39 0.19526E-06 0.13283E-04 0.22985E-09
40 0.18769E-06 0.12768E-04 0.22094E-09
41 0.18036E-06 0.12269E-04 0.21231E-09
42 0.17326E-06 0.11786E-04 0.20395E-09
43 0.16638E-06 0.11318E-04 0.19586E-09
44 0.15971E-06 0.10864E-04 0.18800E-09
45 0.15324E-06 0.10425E-04 0.180:39E-09
46 0.14697E-06 0.99981E-05 0.17301E-09
47 0.14089E-06 0.95843E-05 0.16585E-09
48 0.13498E-06 0.91826E-05 0.15890E-09
49 0.12925E-06 0.87927E-05 0.15215E-09
50 0.12369E-06 0.84143E-05 0.14560E-09
51 0.11828E-06 0.80465E-05 0.13924E-09
52 0.11303E-06 0.76892E-05 0.13305E-09
53 0.10792E-06 0.73416E-05 0.12704E-09



48 48 3.69E-02
49 49 3.52E-02
50 50 3.36E-02
51 51 3.20E-02
52 52 3.05E-02
53 53 2.90E-02
54 54 2.76E-02
55 55 2.62E-02
56 56 2.48E-02
57 57 2.35E-02
58 58 2.23E-02
59 59 2.11E-02
60 60 1.99E-02
6j- 61 1.87E-02
62 62 1.76E-02
63 63 1.65E-02
64 64 1.54E-02
65 65 1.44E-02
66 66 1.34E-02
67 67 1.24E-02
68 68 1.14E-02
69 69 1.05E-02
70 70 9.55E-03
71 71 8.64E-03
72 72 7.74E-03
73 73 6-85E-03
74 74 5.97E-03
75 75 5.11E-03
76 76 4.25E-03
77 77 3.40E-03
78 78 2-55E-03
79 79 1. 71E - 03
80 80 8.75E-04



RMA 93-03 DBCP Transport, 300 years
I

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.412 -1. 2.27E-05
80Y 100.0
1 1 1.73E+01
2 2 2.41E+00
3 3 1.21E+00
4 4 I.IOE+00
5 5 1.06E+00
6 6 1.02E+00
7 7 9.84E-01
8 8 9.51E-01
9 9 9.18E-01

10 10 8.86E-01
11 11 8.55E-01
12 12 8.25E-01
13 13 7.97E-01
14 14 7.69E-01
is 15 7.42E-01
16 16 7.16E-01
17 17 6.91E-01
18 18 6.66E-01
19 19 6.43E-01
20 20 6.20E-01
21 21 5.98E-01
22 22 5.77E-01
23 23 5.56E-01
24 24 5.3GE-01
25 25 5.17E-01
26 26 4.98E-01
27 27 4.80E-01
28 28 4.63E-01
29 29 4.46E-01
30 30 4.29E-01
31 31 4.14E-01
32 32 3.98E-01
33 33 3.84E-01
34 34 3.69E-01
35 35 3.55E-01
36 36 3.42E-01
37 37 3.29E-01
38 38 3.16E-01
39 39 3.04E-01
40 40 2.92E-01
41 41 2.81E-01
42 42 2.70E-01
43 43 2.59E-01
44 44 2.49E-01
45 45 2.39E-01
46 46 2.29E-01
47 47 2.20E-01



54 0.10295E-06 0.70037E-05 0.12119E-09
55 0.98118E-07 0.66747E-05 0.11550E-09
56 0.93405E-07 0.63541E-05 0.10995E-09
57 0.88816E-07 0.60419E-05 0.10455E-09
58 0.84346E-07 0.57379E-05 0.99288E-10
59 0.79985E-07 0.54411E-05 0.94154E-10
60 0.75725E-07 0.51513E-05 0.89139E-10
61 0.71560E-07 0.48680E-05 0.84237E-10
62 0.67492E-07 0.45913E-05 0.79448E-10
63 0.635IIE-07 0.4320SE-05 0.74762E-10
64 0.59611E-07 0.40552E-05 0.70171E-10
65 0.55793E-07 0.37954E-05 0.65676E-10
66 0.52047E-07 0.3540GE-05 0.61267E-10
67 0.48367E-07 0.32902E-05 0.56935E-10
68 0.44748E-07 0.30441E-05 0.52675E-10
69 0.41192E-07 0.28022E-05 0.48490E-10
70 0.37687E-07 0.25638E-05 0.44364E-10
71 0.34232E-07 0.23287E-05 0.40296E-10
72 0.30821E-07 0.20967E-05 0.36281E-10
73 0.27450E-07 0.18674E-05 0.32313E-10
74 0.24114E-07 0.16404E-05 0.28386E-10
75 0.208IIE-07 0.14157E-05 0.24497E-10
76 0.17533E-07 0.11927E-05 0.20639E-10
77 0.14278E-07 0.97132E-06 0.16808E-10
78 0.11041E-07 0.75111E-06 0.12997E-10
79 0.78184E-08 0.53187E-06 0.92035E-11
80 0.46053E-08 0.31329E-06 0.54212E-11



Time: 100.00 - DBCP 300 Years
Cell Cgas(g/cu.ft) Cl:Lq(g/cu.ft) Csol (g/g)

1 0.17009E-04 0.11570B-02 0.20022E-07
2 0.28797E-05 0.19590E-03 0.33899E-08
3 0.16246E-05 0.11052E-03 0.19124E-08
4 0.14844E-05 0.10098E-03 0.17474E-08
5 0.143SOR-05 0.97621E-04 0.16892E-08
6 0.13931E-05 0.94768E-04 0.16399E-08
7 0.13528E-05 0.92024E-04 0.15924E-08
8 0.13136E-05 0.89362E-04 0.15463E-08
9 0.1275BE-05 0.86766E-04 0.15014E-08
10 0.12383E-05 0.84235E-04 0.14576E-08
11 0.12020E-05 0.81769E-04 0. 141,49E- 08
12 0.11667E-05 0.79366E-04 0.13734E-08
13 0.11323E-05 0.77029E-04 0.13329E-08
14 0.1098SE-05 0.747BOE-04 0.12935E-08
is 0.10662E-05 0.72530E-04 0.125!)IE-08
16 0.10344E-05 0.70367E-04 0.12176E-08
17 0.10034E-05 0.68261E-04 0.11812E-08
18 0.97324E-06 0.66207E-04 0.11457E-08
19 0.94389E-06 0.64210E-04 0.111IIE-08
20 0.91527E-06 0.62263E-04 0.10774E-08
21 0.88740E-06 0.60368E-04 0.10446E-08
22 0.86028E-06 0.58522E-04 0.10127E-08
23 0.83382E-06 0.56723E-04 0.98153E-09
24 0.80807E-06 0.54971E-04 0.95122E-09
25 0.783OOE-06 0.53266E-04 0.92171E-09
26 0.75856E-06 0.51603E-04 0.89294E-09
27 0.73477E-06 0.49984E-04 0.86493E-09
28 0.71162E-06 0.48409E-04 0.83768E-09
29 0.68904E-06 0.46874E-04 0.81111E-09
30 0.667OIE-06 0.45375E-04 0.78537E-09
31 0.64563E-06 0.43920E-04 0.760OOE-09
32 0.62472E-06 0.42498E-04 0.73539E-09
33 0.60443E-06 0.41117E-04 0.71150E-09
34 0.58458E-06 0.39767E-04 0.68834E-09
35 0.56525E-06 0.38452E-04 0.66539E-09
36 0.54645E-06 0.37174E-04 0.64326E-09
37 0.52811E-06 0.35926E-04 0.62167E-09
38 0.51020E-06 0.34708E-04 0.60059E-09
39 0.49277E-06 0.33522E-04 0.58007E-09
40 0.47576E-06 0.32365E-04 0.56004E-09
41 0.45920E-06 0.31238E-04 0.54055E-09
42 0.44303E-06 0.30138E-04 0.52152E-09
43 0.42724E-06 0.29064E-04 0.50292E-09
44 0.41186E-06 0.28017E-04 0.48482E-09
45 0.39683E-06 0.26995E-04 0.46713E-09
46 0.38214E-06 0.25996E-04 0.44984E-09
47 0.36784E-06 0.25023E-04 0.43300E-09
48 0.3537-9E-06 0.24067E-04 0.41646E-09
49 0.34009E-06 0.23136E-04 0.40034E-09
so 0.32676E-06 0.22228E-04 0.38464E-09
51 0.3136SE-06 0.21337E-04 0.36922E-09
52 0.30087E-06 0.20467E-04 0.35416E-09
53 0.28835E-06 0.19616E-04 0.33943E-09



48 48 2.10E-01
49 49 2. 01E- 01
50 50 1.93E-01
51 51 1. 84E - 01
52 52 1.76E-01
53 53 1.68E-01
54 54 1.60E-01
55 55 1.53E-01
56 56 1.46E-01
57 57 1.38E-01
58 58 1.31E-01
59 59 1.25E-01
60 60 1.18E-01
61 61 1.12E-01
62 62 1.05E-01
63 63 9.90E-02
64 64 9.29E-02
65 65 8.69E-02
66 66 8. 11E- 02
67 67 7.54E-02
68 68 6.97E-02
69 69 6.42E-02
70 70 5.87E-02
71 71 5.33E-02
72 72 4.80E-02
73 73 4.28E-02
74 74 3.76E-02
75 75 3.24E-02
76 76 2.73E-02
77 77 2.22E-02
78 78 1.72E-02
79 79 1.22E-02
80 80 7.18E-03



PIJUL 93-03 DBCP Transport, 400 3ýears
I

0.1 100. 50. 100.

98.0 .0147 1100. 0.68
Polygon I

1. 0.25 .00057 1.6 0.40 .25 .005
.489 -1. 7.46E-05

80Y 100.0
I I 2.65E+01
2 2 4.49E+00
3 3 2.53E+00
4 4 2.31E+00
5 5 2.24E+00
6 6 2.17E+00
7 7 2.11E+00
8 8 2.05E+00
9 9 1.99E+00

10 10 1.93E+00
11 11 1.87E+00
12 12 1.82E+00
13 13 1.76E+00
14 14 1.71E+00
15 15 1.66E+00
16 16 1.61E+00
17 17 1.56E+00
18 18 1.52E+00
19 19 1.47E+00
20 20 1.43E+00
21 21 1.38E+00
22 22 1.34E+00
23 23 1.30E+00
24 24 1.26E+00
25 25 1.22E+00
26 26 1.18E+00
27 27 1.14E+00
28 28 I.IIE+00
29 29 1.07E+00
30 30 1.04E+00
31 31 1.01E+00
32 32 9.73E-01
33 33 9.42E-01
34 34 9.11E-01
35 35 8.81E-01
36 36 8.52E-01
37 37 8.23E-01
38 38 7.95E-01
39 39 7.68E-01
40 40 7.41E-01
41 41 7.16E-01
42 42 6.90E-01
43 43 6.66E-01
44 44 6.42E-01
45 45 6.18E-01
46 46 5.95E-01
47 47 5.73E-01



54 0.27608E-06 0.18781E-04 0.32499E-09
55 0.26411E-06 0.17967E-04 0.31089E-09
56 0.25238E-06 0.17169E-04 0.29709E-09
57 0.24081E-06 0.16381E-04 0.28346E-09
58 0.22949E-06 0.15612E-04 0.27014E-09
59 0.21845E-06 0.14860E-04 0.25714E-09
60 0.20755E-06 0.14119E-04 0.24431E-09
61 0.19687E-06 0.13393E-04 0.23175E-09
62 0.18633E-06 0.12675E-04 0.21933E-09
63 0.17599E-06 0.11972E-04 0.20716E-09
64 0.16581E-06 0.112SOE-04 0.1951SE-09
65 0.15578E-06 0.10598E-04 0.18338E-09
66 0.14591E-06 0.99257E-05 0.17175E-09
67 0.13617E-06 0.92631E-05 0.16029E-09
68 0.12655E-06 0.86087E-05 0.14897E-09
69 0.1170SE-06 0.79627E-05 0.13779E-09
70 0.10766E-06 0.73239E-05 0.12673E-09
71 0.98371E-07 0.66919E-05 0.11580E-09
72 0.89175E-07 0.60663E-05 0.10497E-09
73 0.80064E-07 0.54465E-05 0.94247E-10
74 0.71024E-07 0.48316E-05 0.83606E-10
75 0.62046E-07 0.42208E-05 0.73038E-10
76 0.53128E-07 0.36141E-05 0.62539E-10
77 0.44257E-07 0.30107E-05 0.52097E-10
78 0.35430E-07 0.24102E-05 0.41706E-10
79 0.26633E-07 0.18118E-05 0.31351E-10
80 0.17858E-07 0.12148E-05 0.21021E-10



Time: 100.000 - DBCP 400 'tears
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.20963E-04 0.14261E-02 0.24677E-07
2 0.40383E-05 0.27471E-03 0.47537E-08
3 0.24651E-05 0.16769E-03 0.29017E-08
4 0.22769E-05 0.15489E-03 0.26803E-08
5 0.22109E-05 0.2 -5040E-03 0.26026E-08
6 0.21555E-05 0.14663E-03 0.25373E-08
7 0.21023E-05 O.J.43OIE-03 0.24747E-08
8 0.20502E-05 0.1-3947E-03 0.24134E-08
9 0.19991E-05 0.3.3599E-03 0.23532E-08

10 0.1948SE-05 0.1-3257E-03 0.22941E-08
11 0.18995E-05 0.32922E-03 0.223GOE-08
12 0.18517E-05 0.3-2597E-03 0.21797E-08
13 0.18043E-05 0.222'74E-03 0.21239E-08
14 0.17582E-05 0.31960E-03 0.20696E-08
15 0.17131E-05 0.31653E-03 0.20165E-08
16 0.16688E-05 0.31352E-03 0.19644E-08
17 0.16253E-05 0.31056E-03 0.19132E-08
18 0.15832E-05 0.30770E-03 0.18637E-08
19 0.1541SE-05 0.30486E-03 0.18145E-08
20 0.15009E-05 0.10211E-03 0.17668E-08
21 0.14607E-05 0.99367E-04 0.17195E-08
22 0.14217E-05 0.96712E-04 0.16735E-08
23 0.13835E-05 0.94114E-04 0.16286E-08
24 0.13460E-05 0.91565E-04 0.15844E-08
25 0.13092E-05 0.89063E-04 0.15412E-08
26 0.12731E-05 0.66607E-04 0.14967E-08
27 0.12377E-05 0.84196E-04 0.14569E-08
28 0.1203SE-05 0.81871E-04 0.141,67E-08
29 0.11695E-05 0.79557E-04 0.137,67E-08
30 0.11366E-05 0.77319E-04 0.13379E-08
31 0.11044E-05 0.75130E-04 0.130(01E-08
32 0.10724E-05 0.72953E-04 0.12624E-08
33 0.10413E-05 0.70834E-04 0.12257E-08
34 0.10107E-05 0.68758E-04 0.11898E-08
35 0.98084E-06 0.66724E-04 0.11546E-08
36 0.95156E-06 0.64732E-04 0.11201E-08
37 0.92282E-06 0.62777E-04 0.10863E-08
38 0.89466E-06 0.60861E-04 0.10531E-08
39 0.86707E-06 0.58984E-04 0.10207E-08
40 0.83998E-06 0.57141E-04 0.988'78E-09
41 0.8134SE-06 0.55339E-04 0.95759E-09
42 0.78741E-06 0.53566E-04 0.92690E-09
43 0.76191E-06 0.51830E-04 0.89688E-09
44 0.73686E-06 0.50126E-04 0.86739E-09
45 0.71224E-06 0.48451E-04 0.83841E-09
46 0.68809E-06 0.46809E-04 0.80998E-09
47 0.66441E-06 0.45198E-04 0.782LlE-09
48 0.64113E-06 0.43615E-04 0.754'71E-09
49 0.61830E-06 0.42061E-04 0.72783E-09
50 0.59583E-06 0.40533E-04 0.70139E-09
51 0.57378E-06 0.39033E-04 0.67543E-09
52 0.55209E-06 0.37557E-04 0.649139E-09
53 0.53072E-06 0.36103E-04 0.624'74E-09



48 48 5.51E-01
49 49 5.30E-01
50 50 5.09E-01
51 51 4.89E-01
52 52 4.69E-01
53 53 4.49E-01
54 54 4.30E-01
55 55 4.12E-01
56 56 3.93E-01
57 57 3.75E-01
58 58 3.58E-01
59 59 3.40E-01
60 60 3.23E-01
61 61 3.07E-01
62 62 2.90E-01
63 63 2.74E-01
64 64 2.58E-01
65 65 2.43E-01
66 66 2.27E-01
67 67 2.12E-01
68 68 1.97E-01
69 69 1.82E-01
70 70 1.68E-01
71 71 1.53E-01
72 72 1.39E-01
73 73 1.25E-01
74 74 1.11E-01
75 75 9.67E-02
76 76 8.28E-02
77 77 6.90E-02
78 78 5.52E-02
79 79 4.15E-02
80 80 2.7SE-02



RMX 93-03 DBCP Transport, 500 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.543 -1. 1.69E-04
80y 100.0
1 1 3.27E+01
2 2 6.29E+00
3 3 3.84E+00
4 4 3.55E+00
5 5 3.45E+00
6 6 3.36E+00
7 7 3.28E+00
8 8 3.19E+00
9 9 3.11E+00

10 10 3.04E+00
11 11 2.96E+00
12 12 2.89E+00
13 13 2.81E+00
14 14 2.74E+00
15 15 2.67E+00
16 16 2.60E+00
17 17 2.53E+00
18 18 2.47E+00
19 19 2.40E+00
20 20 2.34E+00
21 21 2.28E+00
22 22 2.22E+00
23 23 2.16E+00
24 24 2.10E+00
25 25 2.04E+00
26 26 1.98E+00
27 27 1.93E+00
28 28 1.88E+00
29 29 1.82E+00
30 30 1.77E+00
31 31 1.72E+00
32 32 1.67E+00
33 33 1.62E+00
34 34 1.57E+00
35 35 1.53E+00
36 36 1.48E+00
37 37 1.44E+00
38 38 1.39E+00
39 39 1.35E+00
40 40 1.31E+00
41 41 1.27E+00
42 42 1.23E+00
43 43 1.19E+00
44 44 1.15E+00
45 45 1.11E+00
46 46 1.07E+00
47 47 1.04E+00



54 0.50973E-06 0.34675E-04 0.60003E-09
55 0.48912E-06 0.33273E-04 0.57576E-09

56 0.46875E-06 0.31888E-04 0.55179E-09

57 0.44871E-06 0.30525E-04 0.52820E-09
58 0.42902E-06 0.29185E-04 0.50502E-09
59 0.40954E-06 0.27860E-04 0.48209E-09

60 0.39036E-06 0.26555E-04 0.45951E-09
61 0.37148E-06 0.25271E-04 0.43729E-09
62 0.35279E-06 0.23999E-04 0.41529E-09
63 0.33436E-06 0.22746E-04 0.39360E-09
64 0.31615E-06 0.21507E-04 0.37216E-09
65 0.29820E-06 0.20285E-04 0.35102E-09
66 0.28038E-06 0.19073E-04 0.33004E-09
67 0.26278E-06 0.17876E-04 0.30933E-09
68 0.24535E-06 0.16690E-04 0.28881E-09
69 0.22808E-06 0.15515E-04 0.26848E-09
70 0.21101E-06 0.14354E-04 0.24838E-09
71 0.19402E-06 0.13198E-04 0.22839E-09
72 0.17719E-06 0.12054E-04 0.20858E-09
73 0.16050E-06 0.10918E-04 0.18893E-09
74 0.14390E-06 0.9788SE-05 0.16939E-09

75 0.12737E-06 0.86643E-05 0.14993E-09
76 0.11093E-06 0.75465E-05 0.13059E-09
77 0.94580E-07 0.64340E-05 0.11134E-09
78 0.78286E-07 0.53256E-05 0.92154E-10
79 0.62045E-07 0.42207E-05 0.73036E-10
80 0.45841E-07 0.31184E-05 0.53962E-10



Time: 100.000 DBCP 500 Years
Cell Cgas(g/cu.ft) C13-q(g/cu.ft) Csol(g/g)

1 0.23862E-04 0.36233E-02 0.28090E-07
2 0.50196E-05 0.34147E-03 0.59OB8E-08
3 0.32343E-05 0.2200219103 0.38073E-08
4 0.30146E-05 0.20508E-03 0.35487E-08
5 0.2936SE-05 0.39978E-03 0.34570E-08
6 0.28719E-05 0.19537E-03 0.33806E-08
7 0.28094E-05 0.39112E-03 0.33071E-08
8 0.27474E-05 0.18690E-03 0.32341E-08
9 0.26868E-05 0.18278E-03 0.31628E-08
10 0.26278E-05 0.17876E-03 0.30933E-08
11 0.25691E-05 0.17477E-03 0.30242E-08
12 0.25118E-05 0.17087E-03 0.29568E-08
13 0.24548E-05 0.16699E-03 0.28897E-08
14 0.23991E-05 0.16320E-03 0.28241E-08
15 0.23443E-05 0.15948E-03 0.27596E-08
16 0.22904E-05 0.15581E-03 0.26961E-08
17 0.22372E-05 0.15219E-03 0.26335E-08
is 0.21854E-05 0.14867E-03 0.25725E-08
19 0.21339E-05 0.14516E-03 0.25IL9E-08
20 0.20836E-05 0.14174E-03 0.245,27E-08
21 0.20341E-05 0.2383SE-03 0.23945E-08
22 0.19854E-05 0.23506E-03 0.233'71E-08
23 0.19374E-05 0.23180E-03 0.22806E-08
24 0.189OIE-05 0.12858E-03 0.222150E-08
25 0.18435E-05 0.12541E-03 0.21701E-08
26 0.17976E-05 0.1222SE-03 0.21160E-08
27 0.17529E-05 0.11924E-03 0.20634E-08
28 0.17090E-05 0.11626E-03 0.20IL7E-08
29 0.16651E-05 0.11328E-03 0.19601E-08
30 0.16224E-05 0.11037E-03 0.19098E-08
31 0.15804E-05 0.10751E-03 0.18604E-08
32 0.15390E-05 0.10469E-03 0.181L6E-08
33 0.14982E-05 0.10192E-03 0.17636E-08
34 0.14580E-05 0.99181E-04 0.171(52E-08
35 0.14189E-05 0.96525E-04 0.16703E-08
36 0.13799E-05 0.93874E-04 0.16244E-08
37 0.13420E-05 0.91294E-04 0.15798E-08
38 0.13041E-05 0.88716E-04 0.153151E-08
39 0.12672E-05 0.86207E-04 0.149L7E-08
40 0.12310E-05 0.83741E-04 0.1449IE-08
41 0.11952E-05 0.81309E-04 0.140'70E-08
42 0.11600E-05 0.78910E-04 0.136155E-08
43 0.11252E-05 0.76544E-04 0.13245E-08
44 0.10909E-05 0.74208E-04 0.12841E-08
45 0.10570E-05 0.71903E-04 0.12442E-08
46 0.1023SE-05 0.6962BE-04 0.1204SE-08
47 0.99112E-06 0.67423E-04 0.11667E-08
48 0.95858E-06 0.65210E-04 0.11284E-08
49 0.92662E-06 0.63035E-04 0.10908E-08
so 0.89516E-06 0.60895E-04 0.10537E-08
51 0.86416E-06 0.58787E-04 0.10172E-08
52 0.83355E-06 0.56704E-04 0.98121E-09
53 0.80335E-06 0.54650E-04 0.94566E-09



48 48 9.99E-01
49 49 9.63E-01
50 50 9.28E-01
51 51 8.94E-01
52 52 8.60E-01
53 53 8.27E-01
54 54 7.94E-01
55 55 7. 62E- 01
56 56 7.30E-01
57 57 6.99E-01
58 58 6.69E-01
59 59 6.38E-01
60 60 6. 08E- 01
61 61 5.79E-01
62 62 5.50E-01
63 63 5.21E-01
64 64 4.93E-01
65 65 4.65E-01
66 66 4.37E-01
67 67 4.09E-01
68 68 3.82E-01
69 69 3.55E-01
70 70 3.29E-01
71 71 3.02E-01
72 72 2.76E-01
73 73 2.50E-01
74 74 2.24E-01
75 75 1.98E-01
76 76 1.73E-01
77 77 1.47E-01
78 78 1.22E-01
79 79 9.67E-02
80 80 7. 14E - 02



RMA 93-03 DBCP Transport, 600 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

583 -1. 3.08E-04
80Y 100.0
1 1 3.72E+01
2 2 7.82E+00
3 3 5.04E+00
4 4 4.70E+00
5 5 4.58E+00
6 6 4.48E+00
7 7 4.38E+00
8 8 4.28E+00
9 9 4.19E+00

10 10 4.09E+00
11 11 4.OOE+00
12 12 3.91E+00
13 13 3.83E+00
14 14 3.74E+00
15 15 3.65E+00
16 16 3.57E+00
17 17 3.49E+00
18 18 3.41E+00
19 19 3.33E+00
20 20 3.25E+00
21 21 3.17E+00
22 22 3.09E+00
23 23 3.02E+00
24 24 2.95E+00
25 25 2.87E+00
26 26 2.80E+00
27 27 2.73E+00
28 28 2.66E+00
29 29 2.59E+00
30 30 2.53E+00
31 31 2.46E+00
32 32 2.40E+00
33 33 2.33E+00
34 34 2.27E+00
35 35 2.21E+00
36 36 2.15E+00
37 37 2.09E+00
38 38 2.03E+00
39 39 1.97E+00
40 40 1.92E+00
41 41 1.86E+00
42 42 1.81E+00
43 43' 1.75E+00
44 44 1.70E+00
45 45 1.65E+00
46 46 1.59E+00
47 47 1.54E+00



54 0.773SIE-06 0.52620E-04 0.91054E-09

55 0.74407E-06 0.50617E-04 0.87588E-09
56 0.71496E-06 0.48636E-04 0.84161E-09

57 0.68622E-06 0.46682E-04 0.80778E-09

58 0.65786E-06 0.44752E-04 0.77440E-09
59 0.62974E-06 0.42839E-04 0.74129E-09
60 0.60194E-06 0.40948E-04 0.70857E-09
61 0.57448E-06 0.39080E-04 0.67625E-09
62 0.54729E-06 0.37231E-04 0.64424E-09
63 0.52034E-06 0.35397E-04 0.61252E-09
64 0.49369E-06 0.33584E-04 0.58114E-09
65 0.46726E-06 0.31787E-04 0.55004E-09
66 0.4410SE-06 0.30004E-04 0.51918E-09
67 0.41504E-06 0.28234E-04 0.48856E-09
68 0.38927E-06 0.26481E-04 0.45823E-09
69 0.36369E-06 0.24741E-04 0.42812E-09
70 0.33834E-06 0.23016E-04 0.39827E-09
71 0.31309E-06 0.21299E-04 0.36855E-09
72 0.28803E-06 0.19594E-04 0.33906E-09
73 0.26312E-06 0.17899E-04 0.30973E-09
74 0.23832E-06 0.16212E-04 0.28054E-09
75 0.21363E-06 0.14533E-04 0.25148E-09
76 0.18910E-06 0.12864E-04 0.22260E-09
77 0.16461E-06 0.11198E-04 0.19377E-09
78 0.14024E-06 0.95403E-05 0.16509E-09
79 0.11593E-06 0.78864E-05 0.13647E-09
80 0.91667E-07 0.62359E-05 0.10791E-09



Ta.me: 100.000 - DBCP 600 Years
Cell cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.261OOE-04 0.17755E-02 0.30724E-07
2 0.58603E-05 0.39866E-03 0.68984E-08
3 0.39243E-05 0.26696E-'03 0.46195E-08
4 0.36824E-05 0.25050E-03 0.43347E-08
5 0.35960E-05 0.24463E-03 0.42331E-08
6 0.35245E-05 0.23976E-03 0.41489E-08
7 0.34550E-05 0.23503E-03 0.40671E-08
8 0.33863E-05 0.23036E-03 0.39862E-08
9 0.33191E-05 0.22579E-03 0.39071E-08

10 0.32521E-05 0.22123E-03 0.38282E-08
11 0.31864E-05 0.21676E-03 0.37509E-08
12 0.31216E-05 0.21236E-03 0.3674GE-08
13 0.30582E-05 0.20804E-03 0.360OOE-08
14 0.29950E-05 0.20374E-03 0.3525GE-08
15 0.29325E-05 0.19949E-03 0.34520E-08
16 0.28713E-05 0.19533E-03 0.33799E-08
17 0.28109E-05 0.19122E-03 0.33089E-08
18 0.27513E-05 0.18716E-03 0.32387E-08
19 0.26923E-05 0.18315E-03 0.31693E-08
20 0.26341E-05 0.17919E-03 0.31007E-08
21 0.2576SE-05 0.17527E-03 0.30330E-08
22 0.25196E-05 0.17140E-03 0.2966,DE-08
23 0.24640E-05 0.16762E-03 0.2900BE-08
24 0.24092E-05 0.16389E-03 0.28360E-08
25 0.23544E-05 0.16016E-03 0.27715E-08
26 0.23007E-05 0.15651E-03 0.27083E-08
27 0.22478E-05 0.15291E-03 0.26461DE-08
28 0.21955E-05 0.14935E-03 0.25845E-08
29 0.21438E-05 0.14584E-03 0.25236E-08
30 0.20934E-05 0.14241E-03 0.24642E-08
31 0.20430E-05 0.13898E-03 0.24049E-08
32 0.19937E-05 0.13563E-03 0.23469E-08
33 0.19445E-05 0.13228E-03 0.22889E-08
34 0.18963E-05 0.12900E-03 0.22322E-08
35 0.18488E-05 0.12577E-03 0.21763E-08
36 0.18019E-05 0.1225SE-03 0.212IIE-08
37 0.17554E-05 0.12942E-03 0.20664:E-08
38 0.17095E-05 0.11629E-03 0.20124:E-08
39 0.16641E-05 0.11321E-03 0.19589E-08
40 0.16198E-05 0.11019E-03 0.19068E-08
41 0.15755E-05 0.1071BE-03 0.18546E-08
42 0.15322E-05 0.10423E-03 0.1803GE-08
43 0.14889E-05 0.1012SE-03 0.1752SE-08
44 0.14465E-05 0.98399E-04 0.17027E-08
45 0.14046E-05 0.95553E-04 0.16535E-08
46 0.13626E-05 0.92695E-04 0.16040E-08
47 0.13215E-05 0.89899E-04 0.15556E-08
48 0.12809E-05 0.87139E-04 0.15079E-08
49 0.12408E-05 0.84408E-04 0.14606E-08
50 0.12010E-05 0.81703E-04 0.14138E-08
51 0.11623E-05 0.79066E-04 0.13682E-08
52 0.11234E-05 0.76421E-04 0.1322SE-08
53 0.10848E-05 0.73793E-04 0.12769E-08



48 48 1.49E+00
49 49 1.44E+00
50 50 1.39E+00
51 51 1.35E+00
52 52 1.30E+00
53 53 1.25E+00
54 54 1.21E+00
55 55 1.16E+00
56 56 I.IIE+00
57 57 1.07E+00
58 58 1.03E+00
59 59 9. 81E- 01
60 60 9.38E-01
61 61 8.95E-01
62 62 8.53E-01
63 63 8.11E-01
64 64 7.69E-01
65 65 7.28E-01
66 66 6.87E-01
67 67 6.47E-01
68 68 6.07E-01
69 69 5. 67E- 01
70 70 5.27E-01
71 71 4.88E-01
72 72 4.49E-01
73 73 4.10E-01
74 74 3.71E-01
75 75 3.33E-01
76 76 2.95E-01
77 77 2.57E-01
78 78 2.19E-01
79 79 1. 81E- 01
80 80 1.43E-01



RMA,92-03 DBCP Transport, 700 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.614 -1. 4.90E-04
80Y 100.0
I I 4.07E+01
2 2 9.13E+00
3 3 6.11E+00
4 4 5.74E+00
5 5 5.60E+00
6 6 5.49E+00
7 7 5.38E+00
8 8 5.28E+00
9 9 5.17E+00

10 10 5.07E+00
11 11 4.97E+00
12 12 4.86E+00
13 13 4.77E+00
14 14 4.67E+00
is 15 4.57E+00
16 16 4.47E+00
17 17 4.38E+00
18 18 4.29E+00
19 19 4.20E+00
20 20 4.10E+00
21 21 4.01E+00
22 22 3.93E+00
23 23 3.84E+00
24 24 3.75E+00
25 25 3.67E+00
26 26 3.59E+00
27 27 3.50E+00
28 28 3.42E+00
29 29 3.34E+00
30 30 3.26E+00
31 31 3.18E+00
32 32 3.11E+00
33 33 3.03E+00
34 34 2.95E+00
35 35 2.88E+00
36 36 2.81E+00
37 37 2.74E+00
38 38 2.66E+00
39 39 2.59E+00
40 40 2.52E+00
41 41 2.46E+00
42 42 2.39E+00
43 43 2.32E+00
44 44 2.25E+00
45 45 2.19E+00
4G 46 2.12E+00
47 47 2.06E+00



54 0.10471E-05 0.71229E-04 0.12325E-08

55 0.10092E-05 0.68655E-04 0.118SOE-08
56 0.97160E-06 0.66095E-04 0.11437E-08
57 0.93488E-06 0.63597E-04 0.11005E-08
58 0.89861E-06 0.61130E-04 0.10578E-08
59 0.86209E-06 0.58646E-04 0.10148E-08
60 0.82611E-06 0.56198E-04 0.9724SE-09
61 0.79046E-06 0.53773E-04 0.93049E-09
62 0.75515E-06 0.51370E-04 0.88892E-09
63 0.720IOE-06 0.48986E-04 0.84766E-09
64 0.68529E-06 0.4661SE-04 0.80669E-09
65 0.65077E-06 0.44270E-04 0.76606E-09
66 0.61649E-06 0.41938E-04 0.72570E-09
67 0.58248E-06 0.39625E-04 0.68567E-09
68 0.54868E-06 0.37325E-04 0.6458SE-09
69 0.51507E-06 0.35039E-04 0.60631E-09
70 0.48163E-06 0.32764E-04 0.56695E-09
71 0.44842E-06 0.30505E-04 0.52786E-09
72 0.41538E-06 0.28257E-04 0.48896E-09
73 0.38248E-06 0.26019E-04 0.45024E-09
74 0.34972E-06 0.23790E-04 0.41167E-09
75 0.31713E-06 0.21574E-04 0.37331E-09
76 0.28467E-06 0.19366E-04 0.33510E-09
77 0.25231E-06 0.17164E-04 0.29701E-09
78 0.22004E-06 0.14969E-04 0.25902E-09
79 0.18785E-06 0.12779E-04 0.22112E-09
80 0.15572E-06 0.10593E-04 0.18330E-09



Timet 100.000 - DBCP 700 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.27902E-04 0.18981E-02 0.32844E-07
2 0.65910E-05 0.44837E-03 0.77586E-08
3 0.454IIE-05 0.30892E-03 0.53456E-08
4 0.42829E-05 0.29136E-03 0.50417E-08
5 0.419OOE-05 0.28503E-03 0.49322E-08
6 0.41132E-05 0.27981E-03 0.48418E-08
7 0.40385E-05 0.27473E-03 0.47539E-08
8 0.39652E-05 0.26974E-03 0.46676E-08
9 0.38921E-05 0.26477E-03 0.45816E-08

10 0.38203E-05 0.25988E-03 0.44970E-08
11 0.37492E-05 0.25505E-03 0.44134E-08
12 0.36783E-05 0.25022E-03 0.43299E-08
13 0.36091E-05 0.24552E-03 0.42485E-08
14 0.35403E-05 0.24083E-03 0.416'74E-08
15 0.34720E-05 0.23619E-03 0.408'70E-08
16 0.34043E-05 0.23158E-03 0.40074E-08
17 0.33379E-05 0.22707E-03 0.39292E-08
18 0.32723E-05 0.22261E-03 0.38520E-08
19 0.32074E-05 0.21819E-03 0.37755E-08
20 0.31424E-05 0.21377E-03 0.36991E-08
21 0.30786E-05 0.20943E-03 0.36240E-08
22 0.30161E-05 0.20518E-03 0.35504E-08
23 0.2953SE-05 0.20094E-03 0.34771E-08
24 0.28919E-05 0.19673E-03 0.340,43E-08
25 0.28313E-05 0.19261E-03 0.33329E-08
26 0.27714E-05 0.18853E-03 0.32623E-08
27 0.27114E-05 0.18445E-03 0.31917E-08
28 0.2652SE-05 0.18044E-03 0.31224E-08
29 0.25943E-05 0.1764SE-03 0.30539E-08
30 0.25366E-05 0.17256E-03 0.29860E-08
31 0.24795E-05 0.16868E-03 0.29188E-08
32 0.24236E-05 0.16487E-03 0.28529E-08
33 0.23677E-05 0.16107E-03 0.27871E-08
34 0.23122E-05 0.15729E-03 0.27218E-08
35 0.22578E-05 0.15359E-03 0.26577E-08
36 0.22040E-05 0.14993E-03 0.25945E-08
37 0.21508E-05 0.14631E-03 0.25318E-08
38 0.20974E-05 0.14268E-03 0.24690E-08
39 0.20450E-05 0.13912E-03 0.24073E-08
40 0.19932E-05 0.13559E-03 0.23463E-08
41 0.19424E-05 0.13214E-03 0.22865E-08
42 0.18917E-05 0.12868E-03 0.22268E-08
43 0.18412E-05 0.12525E-03 0.21674E-08
44 0.17912E-05 0.12185E-03 0.21085E-08
45 0.17422E-05 0.11852E-03 0.2050SE-08
46 0.16932E-05 0.11518E-03 0.19931E-08
47 0.16450E-05 0.11190E-03 0.19364E-08
48 0.15974E-05 0.10866E-03 0.18803E-08
49 0.1549SE-05 0.10541E-03 0.182,40E-08
50 0.15025E-05 0.10221E-03 0.17687E-08
51 0.14560E-05 0.99047E-04 0.17139E-08
52 0.14099E-05 0.95909E-04 0.16596E-08
53 0.13641E-05 0.92794E-04 0.16057E-08



48 48 2.OOE+00
49 49 1.93E+00
so 50 1.87E+00
52 51 1. 81E+00
52 52 1.75E+00
53 53 1.69E+00
54 54 1.63E+00
55 55 1.57E+00
56 56 1.51E+00
57 57 1.46E+00
58 58 1.40E+00
59 59 1.34E+00
60 60 1.29E+00
61 61 1.23E+00
62 62 1. 18E+00
63 63 1.12E+00
64 64 1.07E+00
65 65 1. OIE+00
66 66 9.61E-01
67 67 9.08E-01
68 68 8.55E-01
69 69 8.03E-01
70 70 7.50E-01
71 71 6.99E-01
72 72 6.47E-01
73 73 5.96E-01
74 74 5.45E-01
75 75 4.94E-01
76 76 4.44E-01
77 77 3.93E-01
78 78 3.43E-01
79 79 2.93E-01
80 80 2.43E-01



RM 93-03 DBCP Transport, 800 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.639 -1. 7.11E-04
80Y 100.0
1 1 4.35E+01
2 2 1.03E+01
3 3 7.08E+00
4 4 6.67E+00
5 5 6.53E+00
6 6 6.41E+00
7 7 6.29E+00
8 8 6.18E+00
9 9 6.06E+00

10 10 5.95E+00
11 11 5.84E+00
12 12 5.73E+00
13 13 5.62E+00
14 14 5.52E+00
15 15 5.41E+00
16 16 5.30E+00
17 17 5.20E+00
18 18 5.10E+00
19 19 5.OOE+00
20 20 4.90E+00
21 21 4.80E+00
22 22 4.70E+00
23 23 4.60E+00
24 24 4.51E+00
25 25 4.41E+00
26 26 4.32E+00
27 27 4.23E+00
28 28 4.13E+00
29 29 4.04E+00
30 30 3.95E+00
31 31 3.86E+00
32 32 3.78E+00
33 33 3.69E+00
34 34 3.60E+00
35 35 3.52E+00
36 36 3.43E+00
37 37 3.35E+00
38 38 3.27E+00
39 39 3.19E+00
40 40 3.11E+00
41 41 3.03E+00
42 42 2.95E+00
43 43 2.87E+00
44 44 2.79E+00
45 45 2.71E+00
46 46 2.64E+00
47 47 2.56E+00



54 0.13186E-05 0.89703E-04 0.15522E-08
55 0.12735E-05 0.86633E-04 0.14991E-08
56 0.12287E-05 0.83586E-04 0.14464E-08
57 0.11848E-05 0.80601E-04 0.13947E-08
58 0.11408E-05 0.77605E-04 0.13429E-08
59 0.10969E-05 0.74620E-04 0.12912E-08
60 0.10539E-05 0.71695E-04 0.12406E-08
61 0.10107E-05 0.68756E-04 0.11898E-08
62 0.96826E-06 0.65868E-04 0.11398E-08
63 0.92556E-06 0.62963E-04 0.1089SE-08
64 0.88360E-06 0.60109E-04 0.10401E-08
65 0.84138E-06 0.57237E-04 0.99043E-09
66 0.79994E-06 0.54418E-04 0.9416SE-09
67 0.75860E-06 0.51605E-04 0.89298E-09
68 0.71742E-06 0.48804E-04 0.84451E-09
69 0.67649E-06 0.46020E-04 0.79633E-09
70 0.63569E-06 0.43244E-04 0.74830E-09
71 0.59518E-06 0.40488E-04 0.70061E-09
72 0.55479E-06 0.37741E-04 0.65307E-09
73 0.51460E-06 0.35007E-04 0.60576E-09
74 0.47457E-06 0.32284E-04 0.55864E-09
75 0.43467E-06 0.29569E-04 0.51167E-09
76 0.39495E-06 0.26867E-04 0.46491E-09
77 0.35529E-06 0.24169E-04 0.41823E-09
78 0.31578E-06 0.21482E-04 0.37172E-09
79 0.27637E-06 0.18801E-04 0.32533E-09
80 0.2370SE-06 0.16126E-04 0.27-904E-09



Time: 100.000 - DBCP 800 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.29399E-04 0.19999E-02 0.34607E-07
2 0.72362E-05 0.49226E-03 0.85181E-08
3 0.50961E-05 0.34667E-03 0.59989E-08
4 0.48240E-05 0.32816E-03 0.56786E-08
5 0.47265E-05 0.32153E-03 0.55637E-08
6 0.46455E-05 0.31602E-03 0.54685E-08
7 0.45665E-05 0.3106SE-03 0.53755E-08
8 0.44889E-05 0.30537E-03 0.52841E-08
9 0.44114E-05 0.300IOE-03 0.51929E-08

10 0.43350E-05 0.2949OB-03 0.51030E-08
11 0.42594E-05 0.28976E-03 0.50140E-08
12 0.41845E-05 0.28466E-03 0.49257E-08
13 0.411OIE-05 0.27960E-03 0.48382E-08
14 0.40370E-05 0.27462E-03 0.47521E-08
15 0.39640E-05 0.26966E-03 0.46662E-08
16 0.38914E-05 0.26472E-03 0.45808E-08
17 0.38201E-05 0.25987E-03 0.44968E-08
18 0.37495E-05 0.25507E-03 0.44137E-08
19 0.36795E-05 0.25030E-03 0.43313E-08
20 0.361OOE-05 0.24558E-03 0.42495E-08
21 0.35411E-05 0.24089E-03 0.41684E-08
22 0.34728E-05 0.23625E-03 0.408SOE-08
23 0.34050E-05 0.23164E-03 0.40083E-08
24 0.33385E-05 0.22711E-03 0.39299E-08
25 0.32719E-05 0.22258E-03 0.3853SE-08
26 0.32064E-05 0.21812E-03 0.37744E-08
27 0.31416E-05 0.2137IB-03 0.36981E-08
28 0.30766E-05 0.20929E-03 0.36237E-08
29 0.30127E-05 0.20495E-03 0.35464E-08
30 0.29494E-05 0.20064E-03 0.34739E-08
31 0.28866E-05 0.19637E-03 0.339SOE-08
32 0.28249E-05 0.19217E-03 0.33254E-08
33 0.27633E-05 0.18798E-03 0.32528E-08
34 0.27020E-05 0.18381E-03 0.31806E-08
35 0.26417E-05 0.1'7971E-03 0.31097E-08
36 0.2581SE-05 0.17561E-03 0.30388E-08
37 0.25222E-05 0.1'7158E-03 0.29690E-08
38 0.24635E-05 0.1675SE-03 0.28999E-08
39 0.24052E-05 0.16362E-03 0.28333E-08
40 0.23474E-05 0.15969E-03 0.27633E-08
41 0.229OOE-05 0.15578E-03 0.26957E-08
42 0.22331E-05 0.1519IB-03 0.26286E-08
43 0.21765E-05 0.14806E-03 0.25621E-08
44 0.21203E-05 0.14424E-03 0.24960E-08
45 0.20646E-05 0.14045E-03 0.24303E-08
46 0.20098E-05 0.13672E-03 0.23659E-08
47 0.19550E-05 0.13299E-03 0.23023E-08
48 0.190IOE-05 0.12932E-03 0.22378E-08
49 0.18469E-05 0.12564E-03 0.21741E-08
so 0.17937E-05 0.12202E-03 0.21114E-08
51 0.17409E-05 0.11843E-03 0.20493E-08
52 0.1688SE-05 0.11486E-03 0.19876E-08
53 0.16364E-05 0.11132E-03 0.19262E-08



48 48 2.49E+00
49 49 2.41E+00
50 50 2.34E+00
51 51 2.27E+00
52 52 2.20E+00
53 53 2.13E+00
54 54 2.05E+00
55 55 1.98E+00
56 56 1.91E+00
57 57 1.85E+00
58 58 1.78E+00
59 59 1. 71E+00
60 60 1.64E+00
61 61 1. 57E+00
62 62 1.51E+00
63 63 1.44E+00
64 64 1.38E+00
65 65 1.31E+00
66 66 1.25E+00
67 67 1. 18E+00
68 68 1.12E+00
69 69 1.05E+00
70 70 9.91E-01
71 71 9.27E-01
72 72 8.64E-01
73 73 8.02E-01
74 74 7.39E-01
75 75 6.77E-01
76 76 6.15E-01
77 77 5.54E-01
78 78 4.92E-01
79 79 4.31E-01
80 80 3.69E-01



RYA 93-03 DBCP Transport, 900 years
1

0.1 100. so. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.660 -1. 9.67E-04
80Y 100.0
1 1 4.58E+01
2 2 1.13E+01
3 3 7.94E+00
4 4 7.52E+00
5 5 7.36E+00
6 6 7.24E+00
7 7 7.12E+00
8 8 6.99E+00
9 9 6.87E+00

10 10 6.75E+00
11 11 6.64E+00
12 12 6.52E+00
13 13 6.40E+00
14 14 6.29E+00
15 15 6.18E+00
16 16 6.06E+00
17 17 5.95E+00
18 18 5.84E+00
19 19 5.73E+00
20 20 5.63E+00
21 21 5.52E+00
22 22 5.41E+00
23 23 5.31E+00
24 24 5.20E+00
25 25 5.10E+00
26 26 5.OOE+00
27 27 4.90E+00
28 28 4.79E+00
29 29 4.69E+00
30 30 4.60E+00
31 31 4.50E+00
32 32 4.40E+00
33 33 4.31E+00
34 34 4.21E+00
35 35 4.12E+00
36 36 4.02E+00
37 37 3.93E+00
38 38 3.84E+00
39 39 3.75E+00
40 40 3.66E+00
41 41 3.57E+00
42 42 3.48E+00
43 43 3.39E+00
44 44 3.30E+00
45 45 3.22E+00
46 46 3.13E+00
47 47 3.05E+00



54 0.15840E-05 0.10775E-03 0.18646E-08
55 0.15324E-05 0.10424E-03 0.18039E-08
56 0.14812E-05 0.10076E-03 0.17436E-08
57 0.14310E-05 0.9734SE-04 0.16845E-08
58 0.13806E-05 0.93919E-04 0.16252E-08
59 0.13303E-05 0.905OOE-04 0.15660E-08
60 0.12804E-OS 0.87099E-04 0.15072E-08
61 0.12306E-05 0.83716E-04 0.14486E-08
62 0.11818E-05 0.80392E-04 0.13911E-08
63 0.11327E-05 0.77053E-04 0.13333E-08
64 0.10843E-05 0.73763E-04 0.12764E-08
65 0.10357E-05 0.70456E-04 0.12192E-08
66 0.98779E-06 0.67197E-04 0.1162SE-08
67 0.93960E-06 0.63918E-04 0.11060E-08
68 0.89211E-06 0.60687E-04 0.105OIE-08
69 0.84431E-06 0.57436E-04 0.99388E-09
70 0.79726E-06 0.5423SE-04 0.93849E-09
71 0.75021E-06 0.51034E-04 0.88310E-09
72 0.70333E-06 0.4784SE-04 0.82792E-09
73 0.65668E-06 0.44672E-04 0.77301E-09
74 0.61013E-06 0.41505E-04 0.71821E-09
75 0.56376E-06 0.383SIE-04 0.66363E-09
76 0.51754E-06 0.35207E-04 0.60922E-09
77 0.471SOE-06 0.32075E-04 0.55502E-09
78 0.42552E-06 0.28947E-04 0.50089E-09
79 0.37968E-06 0.25829E-04 0.44694E-09
80 0.33389E-06 0.22714E-04 0.39304E-09



Time: 100.000 - DBCP 900 lears
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) CsoL(g/g)

1 0.30682E-04 0.20872E-02 0.361L7E-07
2 0.78087E-05 0.53121E-03 0.91920E-08
3 0.55956E-05 0.38065EL03 0.65868E-08
4 0.53138E-05 0.36148E-03 0.625151E-08
5 O.S2117R-OS 0.35454E-03 0.61349E-08
6 0.51276E-05 0.34882E-03 0.60360E-08
7 0.50457E-05 0.34324E-03 0.59395E-08
8 0.49639E-05 0.33768E-03 0.584:32E-08
9 0.48831E-05 0.33219E-03 0.574132E-08
10 0.48031E-05 0.32674E-03 0.565.39E-08
11 0.47242E-05 0.32137E-03 0.556:LIE-08
12 0.46454E-05 0.31601E-03 0.54683E-08
13 0.45670E-05 0.31068E-03 0.53761E-08
14 0.44898E-05 0.30543E-03 0.52852E-08
15 0.44133E-05 0.30022E-03 0.51951E-08
16 0.43367E-05 0.29501E-03 0.51049E-08
17 0.42611E-05 0.28987E-03 0.50160E-08
18 0.41862E-05 0.28478E-03 0.492'78E-08
19 0.41118E-05 0.27972E-03 0.48403E-08
20 0.40386E-05 0.27474E-03 0.475'11E-08
21 0.39654E-05 0.26976E-03 0.46679E-08
22 0.38926E-05 0.264SOE-03 0.45822E-08
23 0.38209E-05 0.25993E-03 0.449'78E-08
24 0.37492E-05 0.25505E-03 0.44134E-08
25 0.36786E-05 0.25024E-03 0.43302E-08
26 0.36085E-05 0.24547E-03 0.42477E-08
27 0.35389E-05 0.24074E-03 0.41658E-08
28 0.34692E-05 0.23600E-03 0.40837E-08
29 0.34004E-05 0.23132E-03 0.40028E-08
30 0.33329E-05 0.22673E-03 0.39233E-08
31 0.32653E-05 0.22213E-03 0.38437E-08
32 0.31981E-05 0.21756E-03 0.37646E-08
33 0.31319E-05 0.21305E-03 0.36867E-08
34 0.30657E-05 0.20855E-03 0.36088E-08
35 0.30004E-05 0.20411E-03 0.35319E-08
36 0.29351E-05 0.19966E-03 0.3455OE-08
37 0.28706E-05 0.19528E-03 0.33792E-08
38 0.2806SE-05 0.19094E-03 0.3304OE-08
39 0.27433E-05 O.IB662E-03 0.32293E-08
40 0.2680BE-05 O.IB233E-03 0.31551E-08
41 0.26176E-05 0.17807E-03 0.30813E-08
42 0.25554E-05 0.17383E-03 0.3008OE-08
43 0.24935E-05 0.16962E-03 0.29352E-08
44 0.24320E-05 0.16544E-03 0.28628E-08
45 0.2371SE-05 0.16133E-03 0.2793.6E-08
46 0.23109E-05 0.15720E-03 0.27202E-08
47 0.22511E-05 0.15314E-03 0.26499E-08
48 0.21912E-05 0.14906E-03 0.25794E-08
49 0.21321E-05 0.14504E-03 0.25098E-08
so 0.20729E-05 0.14101E-03 0.24401E-08
51 0.20145E-05 0.13704E-03 0.2373-4E-08-
52 0.19565E-05 0.13310E-03 0.23031E-08
53 0.18989E-05 0.12918E-03 0.22353E-08



48 48 2.96E+00
49 49 2.88E+00
50 50 2.79E+00
51 51 2.71E+00
52 52 2.63E+00
53 53 2.55E+00
54 54 2.47E+00
55 55 2.39E+00
56 56 2.31E+00
57 57 2.23E+00
58 58 2.15E+00
59 59 2.07E+00
60 60 2.OOE+00
61 61 1. 92E+00
62 62 1.84E+00
63 63 1.76E+00
64 64 1.69E+00
65 65 1. 61E+00
66 66 1.54E+00
67 67 1.46E+00
68 68 1.39E+00
69 69 1.32E+00
70 70 1.24E+00
71 71 1. 17E+00
72 72 1.10E+00
73 73 1.02E+00
74 74 9. 51E- 01
75 75 8.78E-01
76 76 8.06E-01
77 77 7.35E-01
78 78 6.63E-01
79 79 5.92E-01
80 80 5.20E-01



RMA. 93-03 DBCP Transport, 1000 years
1

0.1 100. 50. 100.
98.0 .0147 1100. 0.68

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

678 -1. 1.25E-03
80Y 100.0
1 1 4.78E+01
2 2 1.22E+01
3 3 8.72E+00
4 4 8.28E+00
5 5 8.12E+00
6 6 7.99E+00
7 7 7.86E+00
8 8 7.73E+00
9 9 7.61E+00

10 10 7.48E+00
11 11 7.36E+00
12 12 7.24E+00
13 13 7.12E+00
14 14 7.OOE+00
15 15 6.88E+00
16 16 6.76E+00
17 17 6.64E+00
18 IS 6.52E+00
19 19 6.41E+00
20 20 6.29E+00
21 21 6.18E+00
22 22 6.07E+00
23 23 5.95E+00
24 24 5.84E+00
25 25 5.73E+00
26 26 5.62E+00
27 27 5.51E+00
28 28 5.41E+00
29 29 5.30E+00
30 30 5.19E+00
31 31 5.09E+00
32 32 4.98E+00
33 33 4.88E+00
34 34 4.78E+00
35 35 4.68E+00
36 36 4.57E+00
37 37 4.47E+00
38 38 4.37E+00
39 39 4.27E+00
40 40 4.18E+00
41 41 4.08E+00
42 42 3.98E+00
43 43 3.89E+00
44 44 3.79E+00
45 45 3.70E+00
46 46 3.60E+00
47 47 3.51E+00



54 0.18416E-05 0.1252SE-03 0.21679E-08

55 0.17846E-05 0.12140E-03 0.21007E-08
56 0.17279E-05 0.11754E-03 0.20340E-08
57 0.16715E-05 0.11370E-03 0.19676E-08
58 0.16153E-05 0.10989E-03 0.19015E-08
59 0.15594E-05 0.10608E-03 0.18357E-08
60 0.15044E-05 0.10234E-03 0.17709E-08
61 0.14492E-05 0.98586E-04 0.17059E-08
62 0.13941E-05 0.94838E-04 0.16411E-08
63 0.13393E-05 0.91106E-04 0.1576SE-08
64 0.12852E-05 0.87431E-04 0.15129E-08
65 0.12310E-05 0.83739E-04 0.14490E-08
66 0.11774E-05 0.80095E-04 0.13860E-08
67 0.11236t-05 0.76433E-04 0.13226E-08
68 0.10704E-05 0.72817E-04 0.12600E-08
69 0.10176E-05 0.69223E-04 0.11978E-08
70 0.96433E-06 0.65601E-04 0.11352E-08
71 0.91174E-06 0.62023E-04 0.10733E-08
72 0.85944E-06 0.5846SE-04 0.10117E-08
73 0.80669E-06 0.54877E-04 0.94960E-09
74 0.75464E-06 0.51336E-04 0.88833E-09
75 0.70262E-06 0.47797E-04 0.82709E-09
76 0.65076E-06 0.44269E-04 0.76604E-09
77 0.59909E-06 0.4075SE-04 0.70522E-09
78 0.54750E-06 0.37245E-04 0.64449E-09
79 0.49606E-06 0.33746E-04 0.58394E-09
80 0.44467E-06 0.30250E-04 0.52345E-09



Time: 100.000 - DBCP 1000 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) CsoL(g/g)

I 0.31805E-04 0.21636E-02 0.37440E-07
2 0.83264E-05 0.56642E-03 0.980L5E-08
3 0.605IOE-05 0.41164E'03 0.71230E-08
4 0.57603E-05 0.39186E-03 0.67807E-08
5 0.565SIE-05 0.38470E-03 0.665'70E-08
6 0.55680E-05 0.37878E-03 0.65544E-08
7 0.54829E-05 0.37299E-03 0.64542E-08
8 0.53984E-05 0.36724E-03 0.63548E-08
9 0.531SIE-05 0.36157E-03 0.62567E-08

10 0.52318E-05 0.35591E-03 0.61586E-08
11 0.51495E-05 0.35031E-03 0.60618E-08
12 0.50679E-05 0.34475E-03 0.59656E-08
13 0.49867E-05 0.33923E-03 0.58701E-08
14 0.49061E-05 0.33375E-03 0.57752E-08
15 0.48259E-05 0.32830E-03 0.56809E-08
16 0.47463E-05 0.32288E-03 0.55871E-08
17 0.46671E-05 0.31749E-03 0.54939E-08
18 0.45884E-05 0.31214E-03 0.54013E-08
19 0.45109E-05 0.30686E-03 0.531OOE-08
20 0.44333E-05 0.30158E-03 0.52186E-08
21 0.43567E-05 0.29637E-03 0.51284E-08
22 0.42806E-05 0.29120E-03 0.50390E-08
23 0.42045E-05 0.28602E-03 0.49493E-08
24 0.41292E-05 0.28090E-03 0.48607E-08
25 0.40546E-05 0.27582E-03 0.47729E-08
26 0.39804E-05 0.27078E-03 0.46855E-08
27 0.39067E-05 0.26576E-03 0.45987E-08
28 0.38340E-05 0.26082E-03 0.45132E-08
29 0.37613E-05 0.25587E-03 0.442'76E-08
30 0.36889E-05 0.25094E-03 0.43423E-08
31 0.36175E-05 0.24609E-03 0.42583E-08
32 0.35460E-05 0.24123E-03 0.41742E-08
33 0.34755E-05 0.23643E-03 0.40912E-08
34 0.3405SE-05 0.23167E-03 0.40088E-08
35 0.33359E-05 0.22693E-03 0.39269E-08
36 0.32661E-05 0.22218E-03 0.38447E-08
37 0.31972E-05 0.21750E-03 0.37636E-08
38 0.31288E-05 0.21284E-03 0.36830E-08
39 0.30608E-05 0.20821E-03 0.36030E-08
40 0.29937E-05 0.20366E-03 0.35241E-08
41 0.29266E-05 0.19909E-03 0.34451E-08
42 0.28597E-05 0.19454E-03 0.33663E-08
43 0.27938E-05 0.19006E-03 0.32887E-08
44 0.27278E-05 0.18556E-03 0.321IOE-08
45 0.26626E-05 0.18113E-03 0.31342E-08
46 0.25972E-05 0.17668E-03 0.30573E-08
47 0.25327E-05 0.17229E-03 0.29813E-08
48 0.24680E-05 0.16789E-03 0.29052E-08
49 0.24041E-05 0.16355E-03 0.283OOE-08
50 0.23407E-05 0.15923E-03 0.27554E-08
51 0.22776E-05 0.15494E-03 0.2681-IE-08
52 0.22148E-05 0.15067E-03 0.26072E-08
53 0.21523E-05 0.14642E-03 0.25336E-08



48 48 3.41E+00
49 49 3.32E+00
50 50 3.23E+00
51 51 3.14E+00
52 52 3.05E+00
53 53 2.96E+00
54 54 2.87E+00
55 55 2.78E+00
56 56 2.69E+00
57 57 2.60E+00
58 58 2.52E+00
59 59 2.43E+00
60 60 2.34E+00
61 61 2.26E+00
62 62 2.17E+00
63 63 2.09E+00
64 64 2.OOE+00
65 65 1.92E+00
66 66 1.83E+00
67 67 1.75E+00
68 68 1.67E+00
69 69 1.59E+00
70 70 1.50E+00
71 71 1.42E+00
72 72 1.34E+00
73 73 1.26E+00
74 74 1. 18E+00
75 75 1.09E+00
76 76 1. 01E+00
77 77 9.34E-01
78 78 8.53E-01
79 79 7.73E-01
80 80 6.93E-01



RMA 93-03 DIMP, First 100 years
1

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.089 -1. 0.
80Y 100.0
I 1 0.0
2 2 0.0
3 3 0.0
4 4 0.0
5 5 0.0
6 6 0.0
7 7 0.0
8 8 0.0
9 9 0.0

10 10 0.0
11 11 0.0
12 12 0.0
13 13 0.0
14 14 0.0
15 15 0.0
16 16 0.0
17 17 0.0
18 18 0.0
19 19 0.0
20 20 0.0
21 21 0.0
22 22 0.0
23 23 0.0
24 24 0.0
25 25 0.0
26 26 0.0
27 27 0.0
28 28 0.0
29 29 0.0
30 30 0.0
31 31 0.0
32 32 0.0
33 33 0.0
34 34 0.0
35 35 0.0
36 36 0.0
37 37 0.0
38 38 0.0
39 39 0.0
40 40 0.0
41 41 0.0
42 42 0.0
43 43 0.0
44 44 0.0
45 45 0.0
46 46 0.0
47 47 0.0



54 0.20901E-05 0.14219E-03 0.24604E-08
55 0.20282E-05 0.13797E-03 0.23875E-08
56 0.19666E-05 0.13378E-03 0.231SOE-08
57 0.19052E-05 0.12961E-03 0.22427E-08
58 0.18448E-05 0.12549E-03 0.21716E-08
59 0.17841E-05 0.12137E-03 0.21001E-08
60 0.17235E-05 0.1172SE-03 0.20288E-08
61 0.1663SE-05 0.11318E-03 0.19586E-08
62 0.16039E-05 0.10911E-03 0-18880E-08
63 0.15447E-05 0.10508E-03 0.18183E-08
64 0.14852E-05 0.10103E-03 0.17483E-08
65 0.14264E-05 0.9703SE-04 0.16791E-08
66 0.13674E-05 0.93018E-04 0.16096E-08
67 0.13090E-05 0.89049E-04 0.15409E-08
68 0.125IOE-05 0.85102E-04 0.14726E-08
69 0.11932E-05 0.81168E-04 0.14045E-08
70 0.11349E-05 0.77206E-04 0.13360E-08
71 0.10773E-05 0.73288E-04 0.12682E-08
72 0.10200E-05 0.69389E-04 0.12007E-08
73 0.96289E-06 0.65503E-04 0.11335E-08
74 0.90592E-06 0.61627E-04 0.10664E-08
75 0.84847E-06 0.57719E-04 0.99878E-09
76 0.79165E-06 0.53854E-04 0.93189E-09
77 0.73532E-06 0.50022E-04 0.8655SE-09
78 0.67887E-06 0.46182E-04 0.79914E-09
79 0.62255E-06 0.423SOE-04 0.73283E-09
80 0.56633E-06 0.38526E-04 0.66666E-09



------------------------------------------------------------

VLEACH (Version 2.2, 1995)

By:
Varadhan Ravi and Jeffrey A. Johnson

(USEPA Contractors)
Center for Subsurface Modeling Support
Robert S. Kerr Environmental Research Laboratory
U.S. Environmental Protection Agency
P.O. Box 1198
Ada, OK 74820

Based on the original VLEACH (version 1.0)
developed by CH2M Hill, Redding, California
for USEPA Region IX

----------------------------- ------------------------------

RMA 93-03 DIMP, First 100 years
I polygons.

Timestep = 0.10 years. Simulation length - 100.00 years.
Printout every 50.00 years. Vertical profile stored every 100.00 years.
Koc 60.000 ml/g, 0.21189E-02cu.ft./g
Kh 0.820OOE-04 (dimensionless).
Aqueous solubility - 22000. mg/l, 622.97 g/cu.ft
Free air diffusion coefficient = .52000 sq. m/d,gy, 2043.1 sq.ft./yr

Polygon I
Polygon I
Polygon area - 1.0000 sq. ft.
80 cells, each cell 0.250 ft. thick.

Soil Properties:
Bulk density = 1.6000 g/ml, 45307. g/cu.ft.
Porosity = 0.4000 Volumetric water content - 0.2500
Organic carbon content = 0.00500000

Recharge Rate - 0.00057000 ft/yx
Conc. in recharge water - 0.890OOE-Olmg/l, 0.25202E-02g/cu.ft
Atmospheric concentration -1.0000 mg/l, -0.28317E-01g/cu.ft
Water table has a fixed concentiation of 0.00000 mg/l, 0.00000 g/

with respect to gas diffusion.



48 48 0.0
49 49 0.0
50 50 0.0
51 51 0.0
52 52 0.0
53 53 0.0
54 54 0.0
55 55 0.0
56 56 0.0
57 57 0.0
58 58 0.0
59 59 0.0
60 60 0.0
61 61 0.0
62 62 0.0
63 63 0.0
64 64 0.0
65 65 0.0
66 66 0.0
67 67 0.0
68 68 0.0
69 69 0.0
70 70 0.0
71 71 0.0
72 72 0.0
73 73 0.0
74 74 0.0
75 75 0.0
76 76 0.0
77 77 0.0
78 78 0.0
79 79 0.0
80 80 0.0



T3-me: i0o.000 - DIMP 100 Years
Cell cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.55013E-07 0.67089E-03 0.71077E-08
2 0.81592E-08 0.99503E-04 0.10542E-08
3 0.85479E-09 0.10424E-04 0 11044E-09
4 0.91442E-10 0.11151E-05 0 11814E-10
5 0.30013E-10 0.36601E-06 0.38777E-11
6 0.24649E-10 0.30059E-06 0.31846E-11
7 0.22941E-10 0.27977E-06 0 29639E-11
8 0.21514E-10 0.26237E-06 0.27797E-11
9 0.20184E-10 0.24615E-06 0.26078E-11

10 0.18937E-10 0.23093E-06 0.24466E-11
11 0.17766E-10 0.21666E-06 0 22953E-11
12 0.16668E-10 0.20326E-06 0.21534E-11
13 0.15637E-10 0.19070E-06 0.20203E-11
14 0.14670E-10 0.17891E-06 0.18954E-11
15 0.13763E-10 0.16785E-06 0.17782E-11
16 0.12912E-10 0.15747E-06 0.16683E-11
17 0.12114E-10 0.14773E-06 0.15651E-11
18 0.11365E-10 0.13860E-06 0.14683E-11
19 0.10662E-10 0.13002E-06 0.13775E-11
20 0.10003E-10 0.12198E-06 0.12923E-11
21 0.93838E-11 0.11444E-06 0.12124E-11
22 0.88033E-11 0.10736E-06 0.11374E-11
23 0.82587E-11 0.10072E-06 0.10670E-11
24 0.77476E-11 0.94483E-07 0.10010E-11
25 0.72681E-11 0.88636E-07 0.93904E-12
26 0.68182E-11 0.83149E-07 0.88091E-12
27 0.63960E-11 0.780OIE-07 0.82636E-12
28 0.59999E-11 0.73170E-07 0.77519E-12
29 0.56282E-11 0.68637E-07 0.72716E-12
30 0.52795E-11 0.64384E-07 0.682IOE-12
31 0.49522E-11 0.60392E-07 0.63982E-12
32 0.46451E-11 0.56647E-07 0.60014E-12
33 0.43569E-11 0.53132E-07 0.56290E-12
34 0.40864E-11 0.49834E-07 0.52796E-12
35 0.38325E-11 0.4673SE-07 0.49516E-12
36 0.35943E-11 0.43833E-07 0.4643SE-12
37 0.33707E-11 0.41106E-07 0.43549E-12
38 0.31608E-11 0.38547E-07 0.40838E-12
39 0.29638E-11 0.36144E-07 0.38293E-12
40 0.27789E-11 0.33889E-07 0.35903E-12
41 0.26053E-11 0.31772E-07 0.33660E-12
42 0.24422E-11 0.29783E-07 0.31554E-12
43 0.22892E-11 0.27917E-07 0.29576E-12
44 0.21454E-11 0.26164E-07 0.27719E-12
45 0.20104E-11 0.24517E-07 0.25974E-12
46 0.18835E-11 0.22970E-07 0.2433SE-12
47 0.17644E-11 0.21517E-07 0.22796E-12
48 0.16524E-11 0.20151E-07 0.21349E-12
49 0.15471E-11 0.18867E-07 0.19989E-12
50 0.14482E-11 0.17661E-07 0.18710E-12
51 0.13551E-11 0.16526E-07 0.17508E-12
52 0.12676E-11 0.15458E-07 0.16377E-12
53 0.11852E-11 0.14453E-07 0.15312E-12



ý54 0.11076E-11 0.13508E-07 0.1431OB-12
55 0.10346E-11 0.12617E-07 0.13367E-12
,56 0.96572E-12 0.11777E-07 0.12477E-12
157 0.90082E-12 0.10986E-07 0.11638E-12
58 0.83958E-12 0.10239E-07 0.10847E-12
159 0.78175E-12 0.95336E-08 0.1010OB-12
60 0.72711E-12 0.88672E-08 0.93943E-13
61 0.67543E-12 0.82370E-08 0.87266E-13
162 0.62650E-12 0.76403E-08 0.80944E-13
ý63 0.58012E-12 0.70747E-08 0.74952E-13
164 0.53611E-12 0.65379E-08 0.69265E-13
ý65 0.49427E-12 0.60277E-08 0.63860E-13
ý66 0.45445E-12 0.55421E-08 0.58715E-13

167 0.41648E-12 0.50790E-08 0.53809E-13
68 0.38020E-12 0.46366E-08 0.49122E-13
69 0.34547E-12 0.42131E-08 0.44635E-13
70 0.31215E-12 0.38067E-08 0.40330E-13
71 0.28010E-12 0.34158E-08 0.36189E-13
72 0.24919E-12 0.30389E-08 0.32195E-13
73 0.21929E-12 0.26743E-08 0.28332E-13

' 74 0.19029E-12 0.23206E-08 0.24585E-13
75 0.16206E-12 0.19763E-08 0.20938E-13
76 0.13449E-12 0.16401E-08 0.17376E-13
77 0.10747E-12 0.13106E-08 0.13885E-13
78 0.80883E-13 0.98637E-09 0.10450E-13
79 0.54628E-13 0.66619E-09 0.70578E-14
80 0.28595E-13 0.34872E-09 0.36944E-14



RMA 93-03 DIMP, 200 years
1

0.1 100. 150. 100.
60.0 .000082 22000. 0.52

Polygon I h

1. 0.25 .00057 1.6 0.40 .25 .005
.308 -1. 2.92E-08

SOY 100.0
I I 1.08E+01
2 2 1.60E+00
3 3 1.68E-01
4 4 1.80E-02
5 5 5.90E-03
6 6 4.84E-03
7 7 4.51E-03
8 8 4.23E-03
9 9 3.97E-03

10 10 3.72E-03
11 11 3.49E-03
12 12 3.28E-03
13 13 3.07E-03
14 14 2.88E-03
15 15 2.70E-03
16 16 2.54E-03
17 17 2.38E-03
18 18 2.23E-03
19 19 2.09E-03
20 20 1.97E-03
21 21 1.84E-03
22 22 1.73E-03
23 23 1.62E-03
24 24 1.52E-03
25 25 1.43E-03
26 26 1.34E-03
27 27 1.26E-03
28 28 1.18E-03
29 29 1.11E-03
30 30 1.04E-03
31 31 9.73E-04
32 32 9.13E-04
33 33 8.56E-04
34 34 8.03E-04
35 35 7.53E-04
36 36 7.06E-04
37 37 6.62E-04
38 38 6.21E-04
39 39 5.82E-04
40 40 5.46E-04
41 41 5.12E-04
42 42 4.80E-04
43 43 4.50E-04
44 44 4.22E-04
45 45 3.95E-04
46 46 3.70E-04
47 47 3.47E-04



48 48 3.25E-04
49 49 3.04E-04
50 50 2.85E-04
151 51 2.66E-04
52 52 2.49E-04
53 53 2.33E-04
54 54 2.18E-04
55 55 2.03E-04
56 56 1.90E-04
57 57 1.77E-04
58 58 1.65E-04
5-9 59 1.54E-04
60 60 1.43E-04
61 61 1.33E-04
62 62 1.23E-04
63 63 1.14E-04
164 64 1.05E-04
65 65 9.71E-05
66 66 8.93E-05
67 67 8.18E-05
68 68 7.47E-05
69 69 6.79E-05
70 70 6.13E-05
ý71 71 5.50E-05
72 72 4.90E-05
73 73 4.31E-05
74 74 3.74E-05
75 75 3.18E-05
76 76 2.64E-05
77 77 2.11E-05

178 78 1.59E-05
79 79 1.07E-05
80 80 5.62E-06



Time: 100.000 - DIMP 200 Years
Cell Cgas(g/cu.ft) Cllq(g/cu.ft) Csol(g/g)

1 0.22999E-06 0.28047E-02 0.29714E-07
2 0.46502E-07 0.56710E-03 0.60081E-08
3 0.73916E-08 0.90141E-04 0.95499E-09
4 0.11174E-08 0.13627E-04 0.14437E-09
5 0.27375E-09 0.33384E-05 0.35368E-10
6 0.16824E-09 0.20518E-05 0.21737E-10
7 0.14906E-09 0.18178E-05 0.19258E-10
8 0.13910E-09 0.16963E-05 0.17971E-10
9 0.13046E-09 0.1591OB-05 0.16855E-10
10 0.12239E-09 0.14926E-05 0.15813E-10
11 0.11483E-09 0.14004E-05 0.14836E-10
12 0.10776E-09 0.13142E-05 0.13923E-10
13 0.10109E-09 0.1232SE-05 0.13061E-10
14 0.94846E-10 0.11567E-05 0.12254E-10
15 0.88983E-10 0.10852E-05 0.11497E-10
16 0.83514E-10 0.10185E-05 0.10790E-10
17 0.78355E-10 0.95555E-06 0.1012BE-10
18 0.73506E-10 0.89641E-06 0.94969E-11
19 0.68956E-10 0.84093E-06 0.89091E-11
20 0.64729E-10 0.7893SE-06 0.83630E-11
21 0.60713E-10 0.74040E-06 0.78440E-11
22 0.56970E-10 0.69475E-06 0.73604E-11
23 0.53443E-10 0.65174E-06 0.69048E-11
24 0.50140E-10 0.61146E-06 0.647BOE-11
25 0.47056E-10 0.57386E-06 0.60796E-11
26 0.44148E-10 0.53839E-06 0.57038E-11
27 0.41429E-10 0.50523E-06 0.53526E-11
28 0.38863E-10 0.47394E-06 0.50211E-11
29 0.36469E-10 0.44475E-06 0.47118E-11
30 0.34212E-10 0.41722E-06 0.44202E-11
31 0.32085E-10 0.39128E-06 0.41453E-11
32 0.30096E-10 0.36703E-06 0.38884E-11
33 0.28231E-10 0.34428E-06 0.36474E-11
34 0.26481E-10 0.32294E-06 0.34214E-11
35 0.24839E-10 0.30291E-06 0.32092E-11
36 0.23297E-10 0.284IIE-06 0.30099E-11
37 0.21849E-10 0.26645E-06 0.28229E-11
38 0.20492E-10 0.24990E-06 0.26475E-11
39 0.19216E-10 0.23434E-06 0.24827E-11
40 0.18020E-10 0.21975E-06 0.23281E-11
41 0.16897E-10 0.20606E-06 0.21830E-11
42 0.15841E-10 0.19319E-06 0.20467E-11
43 0.14851E-10 0.18110E-06 0.19187E-11
44 0.13921E-10 0.16976E-06 0.1798SE-11
45 0.13045E-10 0.15908E-06 0.16854E-11
46 0.12222E-10 0.14905E-06 0.15791E-11
47 0.11452E-10 0.13965E-06 0.14796E-11
48 0.10727E-10 0.13081E-06 0.13859E-11
49 0.10044E-10 0.12248E-06 0.12976E-11
50 0.94036E-11 0.11468E-06 0.12149E-11
51 0.87983E-13- 0.10730E-06 0.11367E-11
52 0.82309E-12 0.10038E-06 0.10634E-11
53 0.76976E-12 0.93874E-07 0.99453E-12



154 0.71960E-11 0.87756E-07 0.92971E-12
55 0.67203E-11 0.8195SE-07 0.86826E-12
'56 0.62752E-11 0.76527E-07 0.81075E-12
57 0.58539E-11 0.71389E-07 0.75632E-12
58 0.54567E-11 0.6654SE-07 0.705OOE-12
159 0.50830E-11 0.6198SE-07 0.65672E-12
'160 0.47281E-11 0.57659E-07 0.61086E-12

,61 0.43932E-11 0.53575E-07 0.56760E-12
62 0.40745E-11 0.49689E-07 0.52642E-12

163 0.37737E-11 0.46020E-07 0.48755E-12
164 0.34869E-11 0.42523E-07 0.45050E-12
65 0.32163E-11 0.39223E-07 0.41554E-12
66 0.29583E-11 0.36077E-07 0.38221E-12
67 0.27119E-11 0.33072E-07 0.35038E-12
68 0.24766E-11 0.30203E-07 0.31998E-12
'69 0.22514E-11 0.27456E-07 0.29088E-12
70 0.20351E-11 0.24818E-07 0.26293E-12
71 0.18271E-11 0.22282E-07 0.23607E-12
'72 0.16269E-11 0.19840E-07 0.21019E-12
73 0.14330E-11 0.17476E-07 0.18514E-12
74 0.12449E-11 0.15182E-07 0.16084E-12
175 0.10617E-11 0.12947E-07 0.13717E-12
76 0.88294E-12 0.10768E-07 0.11408E-12
'77 0.70785E-12 0.86323E-08 0.91453E-13
78 0.53568E-12 0.65326E-08 0.69209E-13
79 0.36546E-12 0.44568E-08 0.47217E-13
80 0.19693E-12 0.24016E-08 0.25443E-13



RMA- 93-03 DIMP, 300 years
1

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon 1 
4

1. 0.25 .00057 1.6 0.40 .25 .005
.432 -1. 1.94E-07

80y 100.0
1 1 4.52E+01
2 2 9.14E+00
3 3 1.45E+00
4 4 2.20E-01
5 5 5.38E-02
6 6 3.31E-02
7 7 2.93E-02
8 8 2.73E-02
9 9 2.56E-02

10 10 2.40E-02
11 11 2.26E-02
12 12 2.12E-02
13 13 1.99E-02
14 14 1.86E-02
15 15 1.75E-02
16 16 1.64E-02
17 17 1.54E-02
18 18 1.44E-02
19 19 1.35E-02
20 20 1.27E-02
21 21 1.19E-02
22 22 1.12E-02
23 23 I.OSE-02
24 24 9.85E-03
25 25 9.25E-03
26 26 8.67E-03
27 27 8.14E-03
28 28 7.64E-03
29 29 7.17E-03
30 30 6.72E-03
31 31 6.30E-03
32 32 5.91E-03
33 33 5.55E-03
34 34 5.20E-03
35 35 4.88E-03
36 36 4.58E-03
37 37 4.29E-03
38 38 4.03E-03
39 39 3.78E-03
40 40 3.54E-03
41 41 3.32E-03
42 42 3.11E-03
43 43 2.92E-03
44 44 2.74E-03
45 45 2.56E-03
46 46 2.40E-03
47 47 2.25E-03



48 48 2.11E-03
49 49 1.97E-03
so 50 1.8SE-03
51 51 1.73E-03
52 52 1.62E-03
53 53 1.51E-03
54 54 1.41E-03
55 55 1.32E-03
,56 56 1.23E-03
157 57 1.15E-03
58 58 1.07E-03
59 59 9.99E-04
60 60 9.29E-04
61 61 8.63E-04
162 62 8.01E-04
63 63 7.42E-04
64 64 6.85E-04
65 65 6.32E-04
66 66 S. 81E- 04
'67 67 5.33E-04
168 68 4.87E-04
69 69 4.42E-04
170 70 4.OOE-04
71 71 3.59E-04
72 72 3.20E-04
73 73 2.82E-04
74 74 2.45E-04

175 75 2.09E-04
76 76 1.74E-04
77 77 1.39E-04
78 78 1.05E-04
79 79 7. 18E - 05
80 80 3.87E-05



Time: 100.000 - DIM 300 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

I 0.43280E-06 0.52781E-02 0.55918E-07
2 0.12502E-06 0.15246E-02 0.16152E-07
3 0.28248E-07 0.34449E-03 0.36497E-08
4 0.56314E-08 0.68676E-04 0.72758E-09
5 0.13220E-08 0.16123E-04 0.17081E-09
6 0.60392E-09 0.73649E-05 0.78026E-10
7 0.47766E-09 0.58251E-05 0.61713E-10
8 0.43705E-09 0.53299E-05 0.56467E-10
9 0.40885E-09 0.49860E-05 0.52824E-10

10 0.38347E-09 0.46765E-05 0.49544E-10
11 0.36012E-09 0.43917E-05 0.46527E-10
12 0.33801E-09 0.41220E-05 0.43670E-10
13 0.31723E-09 0.38686E-05 0.40986E-10
14 0.29744E-09 0.36273E-05 0.38429E-10
15 0.27921E-09 0.34050E-05 0.36074E-10
16 0.26198E-09 0.31949E-05 0.33848E-10
17 0.24587E-09 0.29985E-05 0.31767E-10
18 0.23056E-09 0.28117E-05 0.29788E-10
19 0.21626E-09 0.26373E-05 0.27940E-10
20 0.20303E-09 0.24760E-05 0.26232E-10
21 0.19050E-09 0.23232E-05 0.24613E-10
22 0.17888E-09 0.21814E-05 0.23111E-10
23 0.16786E-09 0.20470E-05 0.21687E-10
24 0.15750E-09 0.19208E-05 0.20349E-10
25 0.14782E-09 0.18027E-05 0.19098E-10
26 0.13868E-09 0.16912E-05 0.17918E-10
27 0.13014E-09 0.15871E-05 0.16814E-10
28 0.12213E-09 0.14894E-05 0 15779E-10
29 0.11461E-09 0.13976E-05 0 14807E-10
30 0.10751E-09 0.13111E-05 0.13890E-10
31 0.10085E-09 0.12299E-05 0 13030E-10
32 0.94612E-10 0.11538E-05 0.12224E-10
33 0.88785E-10 0.10827E-05 0 11471B-10
34 0.83279E-10 0.10156E-05 0 10760E-10
35 0.78128E-10 0.95279E-06 0 10094E-10
36 0.73302E-10 0.89393E-06 0 9470GE-11
37 0.68743E-10 0.83832E-06 0 88815E-11
38 0.64497E-10 0.7865SE-06 0 83330E-11
39 0.60502E-10 0.73783E-06 0.7816SE-11
40 0.56726E-10 0.69178E-06 0 73290E-11
41 0.53193E-10 0.64870E-06 0 68725E-11
42 0.49868E-10 0.60814E-06 0 64429E-11
43 0.46768E-10 0.57034E-06 0.60424E-11
44 0.43858E-10 0.53485E-06 0 56664E-11
45 0.41084E-10 0.50102E-06 0 53080E-11
46 0.38498E-10 0.46949E-06 0.49739E-11
47 0.36077E-10 0.43997E-06 0 46612E-11
48 0.33808E-10 0.41229E-06 0 43679E-11
49 0.31644E-10 0.38590E-06 0.40884E-11
50 0.29643E-10 0.361SOE-06 0 38299E-11
51 0.27746E-10 0.33837E-06 0 35848E-11
52 0.25966E-10 0.31666E-06 0 3354SE-11
53 0.24269E-10 0.29596E-06 0 31355E-11



54 0.22677E-10 0.2765SE-06 0.29299E-11
55 0.21196E-10 0.25848E-06 0.2738SE-11
ý6 0.19786E-10 0.24129E-06 0.25563E-11
57 0.18469E-10 0.22523E-06 0.23861E-11
58 0.17214E-10 0.20993E-06 0.22240E-11
59 0.16041E-10 0.19563E-06 0.20725E-11
ýo 0.14927E-10 0.18204E-06 0.19286E-11
61 0.13871E-10 0.16916E-06 0.17921E-11
62 0.12873E-10 0.15699E-06 0.16632E-11
63 0.11926E-10 0.14544E-06 0.15409E-11
64 0.11024E-10 0.13444E-06 0.14243E-11
65 0.10169E-10 0.12402E-06 0.13139E-11
66 0.93551E-11 0.11409E-06 0.12087E-ll
67 0.85805E-ll 0.10464E-06 0.11086E-11
68 0.78406E-11 0.95617E-07 0.10130E-11
ýq 0.71288E-11 0.86936E-07 0.92103E-12
70 0.64490E-11 0.78646E-07 0.83320E-12
71 0.57942E-11 0.70661E-07 0.7486OH-12
12 0.51643E-11 0.62979E-07 0.66722E-12
13 0.45546E-11 0.55544E-07 0.58846E-12
ý4 0.39626E-11 0.48325E-07 0.51197E-12
75 0.33864E-11 0.41298E-07 0.43753E-12
76 0.28245E-11 0.34445E-07 0.36492E-12
77 0.22715E-11 0.27701E-07 0.29347E-12
78 0.17285E-11 0.21079E-07 0.22332E-12
ýq 0.11942E-11 0.14564E-07 0.15429E-12
80 0.66455E-12 0.81043E-08 0.85859E-13



RMA 93-03 DIMP, 400 years
1

0.1 100. so. 100.
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.509 -1. 6.31E-07
80Y 100.0
I I 8.50E+01
2 2 2.46E+01
3 3 5.55E+00
4 4 I.IIE+00
5 5 2.60E-01
6 6 1.19E-01
7 7 9.39E-02
8 8 8.59E-02
9 9 8.03H-02

10 10 7.54E-02
11 11 7.08E-02
12 12 6.64E-02
13 13 6.23E-02
14 14 5.84E-02
is 15 5.49E-02
16 16 5.15E-02
17 17 4.83E-02
18 18 4.53E-02
19 19 4.25E-02
20 20 3.99E-02
21 21 3.74E-02
22 22 3.51E-02
23 23 3.30E-02
24 24 3.09E-02
25 25 2.90E-02
26 26 2.72E-02
27 27 2.56E-02
28 28 2.40E-02
29 29 2.25E-02
30 30 2.11E-02
31 31 1.98E-02
32 32 1.86E-02
33 33 1.74E-02
34 34 1.64E-02
35 35 1.54E-02
36 36 1.44E-02
37 37 1.35E-02
38 38 1.27E-02
39 39 1.19E-02
40 40 1.11E-02
41 41 1.05E-02
42 42 9.80E-03
43 43 9.19E-03
44 44 8.62E-03
45 45 8.07E-03
46 46 7.56E-03
47 47 7.09E-03



'48 48 6.64E-03

149 49 6.22E-03
'50 50 5.82E-03
,51 51 5.45E-03
,52 52 5.10E-03
53 53 4.77E-03
54 54 4.46E-03
55 55 4.16E-03
,56 56 3.89E-03
57 57 3.63E-03
58 58 3.38E-03
59 59 3.15E-03
60 60 2.93E-03
61 61 2.73E-03
62 62 2.53E-03
63 63 2.34E-03
64 64 2.17E-03
65 65 2.OOE-03
66 66 1.84E-03
67 67 1.69E-03
68 68 1.54E-03
69 69 1.40E-03
70 7 0 1.27E-03
71 71 1.14E-03
72 72 1. 01E- 03
73 73 8.95E-04
74 74 7.79E-04
'75 75 6.65E-04
76 76 5.55E-04
77 77 4.46E-04

178 78 3.40E-04
79 79 2.35E-04
ý80 80 1.31E-04



Time: 100.000 - DIMP 400 Years
Cell Cgas(g/cu.ft) Cliq (g/ cu. f t) csol(g/g)

1 0.62641E-06 0.76392E-02 0.80932E-07
2 0.2344SE-06 0.28595E-02 0.30295E-07
3 0.69072E-07 0.84234E-03 0.89240E-08
4 0.17430E-07 0.21256E-03 0.22520E-08
5 0.44517E-08 0.54289E-04 0.57516E-09
6 0.16736E-08 0.204IOE-04 0.21623E-09
7 0.11151E-08 0.13599E-04 0.14407E-09
8 0.97331E-09 0.11870E-04 0.12575E-09
9 0.90270E-09 0.11009E-04 0.11663E-09

10 0.84604E-09 0.10318E-04 0.10931E-09
11 0.79413E-09 0.96845E-05 0.10260E-09
12 0.74523E-09 0.90882E-05 0.96283E-10
13 0.69936E-09 0.85288E-05 0.90357E-10
14 0.65613E-09 0.80016E-05 0.84772E-10
is 0.61609E-09 0.75133E-05 ().79599E-10
16 0.57826E-09 0.70520E-05 0.74711E-10
17 0.54261E-09 0.66172E-05 0.7010SE-10
18 0.50914E-09 0.62090E-05 0.65780E-10
19 0.47777E-09 0.58265E-05 0.61728E-10
20 0.44846E-09 0.54690E-05 0.57940E-10
21 0.4207SE-09 0.51311E-05 0.54361E-10
22 0.39485E-09 0.48153E-05 0.5101SE-10
23 0.37080E-09 0.45220E-05 0.47907E-10
24 0.34783E-09 0.42418E-05 0.44939E-10
25 0.32638E-09 0.39803E-05 0.42169E-10
26 0.30625E-09 0.3734SE-05 0.3956SE-10
27 0.28768E-09 0.35083E-05 0.37168E-10
28 0.26998E-09 0.32924E-05 0.34881E-10
29 0.25328E-09 0.30887E-05 0.32723E-10
30 0.23761E-09 0.28977E-05 0.30699E-10
31 0.22296E-09 0.27191E-05 0.28807E-10
32 0.20931E-09 0.25525E-05 0.27042E-10
33 0.19624E-09 0.23932E-05 0.25354E-10
34 0.18436E-09 0.22482E-05 0.23819E-10
35 0.17311E-09 0.21111E-05 0.22365E-10
36 0.16227E-09 0.19789E-05 0.20965E-10
37 0.15216E-09 0.18556E-05 0.19659E-10
38 0.14286E-09 0.17422E-05 0.18458E-10
39 0.13401E-09 0.1634BE-05 0.17314E-10
40 0.12547E-09 0.15301E-05 0.16211E-10
41 0.11794E-09 0.14383E-05 0.15238E-10
42 0-11053E-09 0.13480E-05 0.14281E-10
43 0.10362E-09 0.12636E-05 0.13387E-10
44 0.97163E--LO 0.11849E-05 0.12553E-10
45 0.9105SE-10 0.11104E-05 0.11764E-10
46 0.85325E-10 0.10406E-05 0.11024E-10
47 0.79979E-10 0.97535E-06 0.10333E-10
48 0.74934E-10 0.91383E-06 01.96814E-11
49 0.70194E-10 0.85603E-06 0.90690E-11
50 0.65720E-10 0.80146E-06 01.8491OB-11
51 0.61529E-10 0.75035E-06 0.7949SE-11
52 0.57584E-10 0.70224E-06 0.74398E-11
53 0.53867E-10 0.65691E-06 0.69596E-11



54 0.50368E-10 0.6142SE-06 0.65076E-11
ýs 0.47044E-10 0.57370E-06 0.60780E-11
56 0.43948E-10 0.5359SE-06 0.56780E-11
57 0.4102IB-10 0.5002SE-06 0.52999E-11
58 0.38238E-10 0.46631E-06 0.49403E-11
ý.q 0.3562SE-10 0.43445E-06 0.46028E-11
60 0.33153E-10 0.40430E-06 0.42833E-11
61 0.3084IB-10 0.37611E-06 0.39846E-11
ý2 0.28622E-10 0.34905E-06 0.36979E-11
63 0.26506E-10 0.32324E-06 0.34246E-11
64 0.24533E-10 0.29919E-06 0.31697E-11
65 0.22639E-10 0.27608E-06 0.29249E-11
66 0.20834E-10 0.25408E-06 0.2691SE-11
ý7 0.19124E-10 0.23322E-06 0.24708E-11
68 0.17468E-10 0.21303E-06 0.22569E-11
69 0-15889E-10 0.19377E-06 0.20529E-11
70 0.14393E-10 0.17553E-06 0.18596E-11
71 0.12942E-10 0.15783E-06 0.16721E-11
72 0.11521E-10 0.140SOE-06 0.1488SE-11
73 0-10180E-10 0.1241SE-06 0.13153E-11
74 0-88750E-11 0.10823E-06 0.11466E-11
75 0.75978E-11 0.92656E-07 0.98163E-12
76 0.63540E-11 0.77487E-07 0.82093E-12
77 0.51324E-11 0.62590E-07 0.66310E-12
ý8 0.39346E-11 0.47983E-07 0.50835E-12
79 0.27524E-11 0.33566E-07 0.35561E-12
so 0.15813E-11 0.19284E-07 0.20430E-12



RMA. 93-03 DIMP, 500 years
I

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.561 -1. 1.44E-06
80Y 100.0
1 1 1.23E+02
2 2 4.61E+01
3 3 1.36E+01
4 4 3.42E+00
5 5 8.75E-01
6 6 3.29E-01
7 7 2.19E-01
8 8 1.91E-01
9 9 1.77E-01
10 10 1.66E-01
11 11 1.56E-01
12 12 1.46E-01
13 13 1.37E-01
14 14 1.29E-01
15 15 1.21E-01
16 16 1.14E-01
17 17 1.07E-01
18 18 1.OOE-01
19 19 9.39E-02
20 20 8.81E-02
21 21 8.27E-02
22 22 7.76E-02
23 23 7.29E-02
24 24 6.83E-02
25 25 6.41E-02
26 26 6.02E-02
27 27 5.65E-02
28 28 5.30E-02
29 29 4.98E-02
30 30 4.67E-02
31 31 4.38E-02
32 32 4.11E-02
33 33 3.86E-02
34 34 3.62E-02
35 35 3.40E-02
36 36 3.19E-02
37 37 2.99E-02
38 38 2.81E-02
39 39 2.63E-02
40 40 2.47E-02
41 41 2.32E-02
42 42 2.17E-02
43 43 2.04E-02
44 44 1.91E-02
45 45 1.79E-02
46 46 1.68E-02
47 47 1.57E-02



48 48 1.47E-02
49 49 1.38E-02
so 50 1.29E-02
51 51 1.21E-02
,52 52 1.13E-02
,53 53 1.06E-02
54 54 9.90E-03
155 55 9.24E-03
56 56 8.64E-03
57 57 8.06E-03
158 58 7.51E-03
159 59 7.OOE-03
,60 60 6.51E-03
,61 61 6.06E-03
'62 62 5.62E-03
63 63 5.21E-03
64 64 4.82E-03

165 65 4.45E-03
166 66 4.09E-03
167 67 3.76E-03
68 68 3.43E-03
69 69 3.12E-03
70 70 2.83E-03
71 71 2.54E-03
72 72 2.26E-03
73 73 2.OOE-03
,74 74 1.74E-03
'75 75 1.49E-03
76 76 1.25E-03
77 77 1. 01E- 03
78 78 7.73E-04
79 79 5.41E-04
180 80 3.11E-04



Time: 100.000 - D 500 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

I 0.79802E-06 0.97319E-02 0.10310E-06
2 0.36176E-06 0.44117E-02 0.46739E-07
3 0.13075E-06 0.15945E-02 0 16893E-07
4 0.40011E-07 0.48794E-03 0.51694E-08
5 0.11553E-07 0.14089E-03 0.14926E-08
6 0.40356E-08 0.49215E-04 0 52140E-09
7 0.22543E-08 0.27491E-04 0.29125E-09
8 0.1811SE-08 0.2209SE-04 0 23408E-09
9 0.16461E-08 0.20075E-04 0.21268E-09

10 0.15369E-08 0.18743E-04 0 19857E-09
11 0.14424E-08 0.17591E-04 0.18636E-09
12 0.13526E-08 0.16495E-04 0 17476E-09
13 0.12692E-08 0.15477E-04 0,16397E-09
14 0.11928E-08 0.14546E-04 0 15411E-09
15 0.11198E-08 0.13657E-04 0.14468E-09
16 0.10528E-08 0.12839E-04 0 13602E-09
17 0.98874E-09 0.12058E-04 0.12774E-09
18 0.92664E-09 0.11301E-04 0.11972E-09
19 0.86952E-09 0.10604E-04 0.11234E-09
20 0.81606E-09 0.99520E-05 0.10544E-09
21 0.76604E-09 0.93419E-05 0,98972E-10
22 0.71901E-09 0.87684E-05 0.92895E-10
23 0.67514E-09 0.82334E-05 0.87228E-10
24 0.63337E-09 0.77240E-05 0.81831E-10
25 0.59438E-09 0.72486E-05 0.76794E-10
26 0.55804E-09 0.68054E-05 0.72098E-10
27 0.52384E-09 0.63883E-05 0.67680E-10
28 0.49160E-09 0.59952E-05 0 63515E-10
29 0.46161E-09 0.56294E-05 0 59640E-10
30 0.43320E-09 0.52829E-05 0,55969E-10
31 0.40646E-09 0.49568E-05 0.52514E-10
32 0.38143E-09 0.46516E-05 0.49280E-10
33 0.35808E-09 0.43669E-05 0.46264E-10
34 0.33601E-09 0.40977E-05 0 43412E-10
35 0.31543E-09 0.38467E-05 0 40753E-10
36 0.29602E-09 0.36101E-05 0 38246E-10
37 0.27767E-09 0.33862E-05 0.35875E-10
38 0.26068E-09 0.31790E-05 0 33679E-10
39 0.24440E-09 0.29805E-05 0.31577E-10
40 0.22933E-09 0.27968E-05 0.29630E-10
41 0.21528E-09 0.26253E-05 0 27814E-10
42 0.20175E-09 0.24604E-05 0.26066E-10
43 0.18934E-09 0.23091E-05 0.24463E-10
44 0.17751E-09 0.21647E-05 0.22934E-10
45 0.16639E-09 0.20291E-05 0 21497E-10
46 0.15605E-09 0.19031E-05 0.20162E-10
47 0.14613E-09 0.17820E-05 0.18879E-10
48 0.13685E-09 0.16689E-05 0.17681E-10
49 0.12830E-09 0.15646E-05 0 16576E-10
50 0.120IIE-09 0.14648E-05 0 15519E-10
51 0.11253E-09 0.13723E-05 0 14539E-10
52 0.10526E-09 0.12837E-05 0 13600E-10
53 0.98568E-10 0.12020E-05 0.12735E-10



54 0.92166E-10 0.11240E-05 0.11908E-10
55 0.86095E-10 0.10499E-05 0.11123E-10
56 0.80445E-10 0.98104E-06 0.10393E-10
57 0.75088E-10 0.91571E-06 0.97014E-11

, 58 0.70011E-10 0.85379E-06 0.90454E-11
59 0.65244E-10 0.79566E-06 0.84295E-11
60 0.60719E-10 0.7404SE-06 0.78449E-11
61 0.56481E-10 0.68879E-06 0.72972E-11
62 0.52430E-10 0.63939E-06 0.67739E-11
63 0.48601E-10 0.59270E-06 0.62793E-11
ý4 0.44970E-10 0.54842E-06 0.58102E-11
G5 0.41522E-10 0.50636E-06 0.53646E-11
ý6 0.38211E-10 0.4659SE-06 0.4936BE-11
67 0.35093E-10 0.42797E-06 0.45340E-11
68 0.3207SE-10 0.39116E-06 0.41441E-11
69 0.29193E-10 0.35601E-06 0.37717E-11
ýo 0.26460E-10 0.3226SE-06 0.34186E-11
71 0.23800E-10 0.29024E-06 0.30750E-11
72 0.21223E-10 0.25882E-06 0.27420E-11
73 0.18769E-10 0.22889E-06 0.24249E-11
74 0.16373E-10 0.19967E-06 0.21153E-11
75 0.14046E-10 0.17129E-06 0.18147E-11
76 0.11792E-10 0.14380E-06 0.15235E-11
77 0.95713E-11 0.11672E-06 0.12366E-11
78 0.7380SE-11 0.9000GE-07 0.9535SE-12
79 0.52240E-11 0.6370SE-07 0.67494E-12
80 0.30897E-11 0.37679E-07 0.39919E-12



RMA 93-03 DIMP, 600 years
I

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.600 -1. 2.72E-06
BOY 100.0
I I 1.57E+02
2 2 7.11E+01
3 3 2.57E+01
4 4 7.86E+00
5 5 2.27E+00
6 6 7.93E-01
7 7 4.43E-01
8 8 3.56E-01
9 9 3.23E-01

10 10 3.02E-01
11 11 2.83E-01
12 12 2.66E-01
13 13 2.49E-01
14 14 2.34E-01
15 15 2.20E-01
16 16 2.07E-01
17 17 1.94E-01
18 18 1.82E-01
19 19 1.71E-01
20 20 1.60E-01
21 21 1.51E-01
22 22 1.41E-01
23 23 1.33E-01
24 24 1.24E-01
25 25 1.17E-01
26 26 1.10E-01
27 27 1.03E-01
28 28 9.66E-02
29 29 9.07E-02
30 30 8.51E-02
31 31 7.99E-02
32 32 7.50E-02
33 33 7.04E-02
34 34 6.60E-02
35 35 6.20E-02
36 36 5.82E-02
37 37 5.46E-02
38 38 5.12E-02
39 39 4.80E-02
40 40 4.51E-02
41 41 4.23E-02
42 42 3.96E-02
43 43 3.72E-02
44 44 3.49E-02
45 45 3.27E-02
46 46 3.07E-02
47 47 2.87E-02



48 48 2.69E-02
49 49 2.52E-02
ýO 50 2.36E-02
ýl 51 2.21E-02
52 52 2.07E-02
53 53 1.94E-02
54 54 1.81E-02
55 55 1.69E-02
56 56 1.58E-02
57 57 1.48E-02
56 58 1.38E-02
59 59 1.28E-02
90 60 1.19E-02
61 61 1.11E-02
62 62 1.03E-02
63 63 9.55E-03
94 64 8.84E-03
65 65 8.16E-03
66 66 7.51E-03
0 67 6.90E-03
68 68 6.30E-03
69 69 5.74E-03
70 70 5.20E-03
71 71 4.68E-03
72 72 4.17E-03
73 73 3.69E-03
74 74 3.22E-03
75 75 2.76E-03
76 76 2.32E-03
77 77 1.88E-03
78 78 1.45E-03
79 79 1.03E-03
80 80 6.07E-04



Tame: 100.000 - DIMP 600 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

1 0.94697E-06 0.11548E-01 0.12235E-06
2 0.49612E-06 0.60503E-02 0.64099E-07

3 0.21045E-06 0.25665E-02 0.27190E-07

4 0.75590E-07 0.92183E-03 0.97661E-08

5 0.24754E-07 0.30188E-03 0.31983E-08

6 0.87053E-08 0.10616E-03 0.11247E-08

7 0.42550E-08 0.51890E-04 0.54974E-09

8 0.30684E-08 0.37420E-04 0.39644E-09

9 0.26834E-08 0.32724E-04 0.34669E-09

10 0.24833E-08 0.30284E-04 0.32084E-09
11 0.23245E-08 0.28348E-04 0.30033E-09
12 0.21826E-08 0.26617E-04 0.28199E-09

13 0.2046SE-08 0.24961E-04 0.26445E-09
14 0.19219E-08 0.23437E-04 0.24830E-09
15 0.1805SE-08 0.22022E-04 0.23331E-09

16 0.1697SE-08 0.20702E-04 0.21932E-09
17 0.15932E-08 0.19429E-04 0.20584E-09
18 0.14951E-08 0.18233E-04 0.19317E-09

19 0.14041E-08 0.17123E-04 0.18141E-09

20 0.13165E-08 0.16054E-04 0.17008E-09
21 0.12383E-08 0.15101E-04 0.15999E-09

22 0.11607E-08 0.14155E-04 0.14996E-09
23 0.10913E-08 0.13309E-04 0.141OOE-09
24 0.10221E-08 0.12464E-04 0.13205E-09
25 0.96087E-09 0.11718E-04 0.12414E-09
26 0.90326E-09 0.11015E-04 0.11670E-09

27 0.84733E-09 0.10333E-04 0.10947E-09
28 0.79491E-09 0.96940E-05 0.10270E-09
29 0.74619E-09 0.90999E-05 0.96408E-10
30 0.70037E-09 0.85412E-05 0.90488E-10
31 0.65751E-09 0.80184E-05 0.84950E-10
32 0.61726E-09 0.75275E-05 0.79749E-10
33 0.57944E-09 0.70664E-05 0.74864E-10
34 0.54363E-09 0.66297E-05 0.70237E-10
35 0.51039E-09 0.62243E-05 0.65943E-10
36 0.47915E-09 0.58433E-05 0.61906E-10
37 0.44966E-09 0.54837E-05 0.58096E-10
38 0.42185E-09 0.51446E-05 0.54503E-10
39 0.39568E-09 0.48254E-05 0.51122E-10
40 0.37147E-09 0.45301E-05 0.47993E-10
41 0.34856E-09 0.42507E-05 0.45034E-10
42 0.32671E-09 0.39843E-05 0.42211E-10
43 0.30659E-09 0.37389E-05 0.39612E-10
44 0.28766E-09 0.35081E-05 0.3716GE-10
45 0.26970E-09 0.32891E-05 0.34846E-10
46 0.25302E-09 0.30856E-05 0.32690E-10
47 0.23696E-09 0.28898E-05 0.30615E-10
48 0.22203E-09 0.27077E-05 0.28686E-10
49 0.20804E-09 0.25370E-05 0.26878E-10
50 0.19487E-09 0.23764E-05 0.25177E-10
51 0.18250E-09 0.22256E-05 0.23578E-10
52 0.17090E-09 0.20841E-05 0.22080E-10
53 0.16006E-09 0.19519E-05 0.20680E-10



54 0.14959E-09 0.18243E-05 0.19328E-10
55 0.13974E-09 0.17042E-05 0.18054E-10
56 0.13058E-09 0.15924E-05 0.16871E-10
57 0.12211E-09 0.14892E-05 0.15777E-10
58 0.11397E-09 0.13898E-05 0.14724E-10
59 0.10601E-09 0.12928E-05 0.13696E-10
60 0.98581E-10 0.12022E-05 0.12737E-10
61 0.917SIE-10 0.11193E-05 0.11858E-10
62 0.85251E-10 0.10396E-05 0.11014E-10
111 63 0.79052E-10 0.9640SE-06 0.10214E-10
ý4 0.73178E-10 0.89241E-06 0.9454SE-11
65 0.67578E-10 0.82412E-06 0.87311E-11
66 0.62232E-10 0.75893E-06 0.80403E-11
67 0.57166E-10 0.6971SE-06 0.7385SE-11
68 0.52274E-10 0.63749E-06 0.67538E-11
69 0.47626E-10 0-58081E-06 0.61533E-11
70 0.43171E-10 0.52647E-06 0.55776E-11
71 0.38883E-10 0.47419E-06 0.50237E-11
72 0.34717E-10 0.42338E-06 0.44855E-11
73 0.30728E-10 0.37473E-06 0.39701E-11
74 0.26858E-10 0.32753E-06 0.34700E-11

75 0.23080E-10 0.28146E-06 0.29819E-11
76 0.19423E-10 0.23687E-06 0.25095E-11

77 0.15820E-10 0.19292E-06 0.20439E-11

78 0.12279E-10 0.14974E-06 0.15864E-11
79 0.88034E-11 0.10736E-06 0.11374E-11
80 0.53421E-11 0.6514SE-07 0.69020E-12



RMA 93-03 DIMP, 700 years
1

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.630 -1. 4.55E-06
80y 100.0
I I 1.86E+02
2 2 9.75E+01
3 3 4.14E+01
4 4 1.49E+01
5 5 4.86E+00
6 6 1.71E+00
7 7 8.36E-01
8 8 6.03E-01
9 9 5.27E-01

10 10 4.88E-01
11 11 4.57E-01
12 12 4.29E-01
13 13 4.02E-01
14 14 3.78E-01
15 15 3.55E-01
16 16 3.34E-01
17 17 3.13E-01
is 18 2.94E-01
19 19 2.76E-01
20 20 2.59E-01
21 21 2 43E-01
22 22 2.28E-01
23 23 2.14E-01
24 24 2.01E-01
25 25 1.89E-01
26 26 1.77E-01
27 27 1.66E-01
28 28 1.56E-01
29 29 1.47E-01
30 30 1.38E-01
31 31 1.29E-01
32 32 1.21E-01
33 33 1.14E-01
34 34 1 07E-01
35 35 I.OOE-01
36 36 9.42E-02
37 37 8.84E-02
38 38 8.29E-02
39 39 7.78E-02
40 40 7.30E-02
41 41 6.85E-02
42 42 6.42E-02
43 43 6.02E-02
44 44 5.65E-02
45 45 5.30E-02
46 46 4.97E-02
47 47 4.66E-02



48 48 4.36E-02
49 49 4.09E-02
50 50 3.83E-02
51 51 3.59E-02
52 52 3.36E-02
53 53 3.15E-02
54 54 2.94E-02
55 55 2.75E-02
56 56 2.57E-02
ý7 57 2.40E-02
58 58 2.24E-02
59 59 2.08E-02
ýO 60 1.94E-02
61 61 1.80E-02
62 62 1.68E-02
63 63 1.55E-02
64 64 1.44E-02
65 65 1.33E-02
66 66 1.22E-02
67 67 1. 12E- 02
68 68 1.03E-02
69 69 9.36E-03
70 70 8.48E-03
71 71 7.64E-03
72 72 6.82E-03
73 73 6.04E-03
74 74 5.28E-03
75 75 4.54E-03
76 76 3.82E-03
77 77 3. 11E- 03
78 78 2.41E-03
79 79 1.73E-03
80 80 1.05E-03



Time: 100.000 - DIMP 700 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.10721E-05 0.13074E-01 0.138BIE-06
2 0.62909E-06 0.76719E-02 0.81278E-07
3 0.30398E-06 0.37071E-02 0.39274E-07
4 0.12497E-06 0.15241E-02 0.16146E-07
5 0.45983E-07 0.56077E-03 0.59410E-08
6 0.169SOE-07 0.20671E-03 0.219OOE-08
7 0.76761E-08 0.93611E-04 0.99174E-09
8 0.49414E-08 0.60261E-04 0.63842E-09
9 0.40820E-08 0.49781E-04 0.52740E-09

10 0.37115E-08 0.45262E-04 0.47952E-09
11 0.34613E-08 0.42210E-04 0.44719E-09
12 0.32463E-08 0.39589E-04 0.41942E-09
13 0.30450E-08 0.37134E-04 0.39341E-09
14 0.28605E-08 0.34884E-04 0.36957E-09
15 0.26869E-08 0.32767E-04 0.34715E-09
16 0.25258E-08 0.30803E-04 0.32633E-09
17 0.23705E-08 0.28908E-04 0.30626E-09
is 0.22258E-08 0.27144E-04 0.28757E-09
19 0.209OOE-08 0.2548SE-04 0.27003E-09
20 0.19620E-08 0.23927E-04 0.25349E-09
21 0.18416E-08 0.22459E-04 0.23793E-09
22 0.17285E-08 0.21079E-04 0.22332E-09
23 0.16226E-08 0.1978BE-04 0.20964E-09
24 0.15238E-08 0.18583E-04 0.19688E-09
25 0.14320E-08 0.17463E-04 0.18501E-09
26 0.13433E-08 0.16382E-04 0.17356E-09
27 0.12602E-08 0.15369E-04 0.16282E-09
28 0.11836E-08 0.14434E-04 0.15292E-09
29 0.11134E-08 0.13579E-04 0.14386E-09
30 0.10461E-08 0.12757E-04 0.13515E-09
31 0.98022E-09 0.11954E-04 0.12664E-09
32 0.91931E-09 0.11211E-04 0.11877E-09
33 0.86439E-09 0.10541E-04 0.11168E-09
34 0.81190B-09 0.99013E-05 0.10490E-09
35 0.76065E-09 0.92763E-05 0.98276E-10
36 0.71479E-09 0.87170E-05 0.92351E-10
37 0.67123E-09 0.81857E-05 0.86722E-10
38 0.62983E-09 0.76809E-05 0.81374E-10
39 0.59108E-09 0.72083E-05 0.76367E-10
40 0.55469E-09 0.67646E-05 0.71666E-10
41 0.52054E-09 0.63481E-05 0.67254E-10
42 0.48819E-09 0.59536E-05 0.63074E-10
43 0.45786E-09 0.55837E-05 0 59155E-10
44 0.42960E-09 0.52390E-05 0.55504E-10
45 0.40303E-09 0.491SOE-05 0.52071E-10
46 0.37799E-09 0.46097E-05 0.48837E-10
47 0.3544SE-09 0.43225E-05 0.45795E-10
48 0.33199E-09 0.40487E-05 0.42893E-10
49 0.31122E-09 0.37954E-05 0.40209E-10
50 0.29158E-09 0.35558E-05 0 37672E-10
51 0.27321E-09 0.33319E-05 0.35299E-10
52 0.25582E-09 0.31198E-05 0 33052E-10
53 0.23964E-09 0.29224E-05 0.30961E-10



54 0.22402E-09 0.27319E-05 0.28943E-10
55 0.20946E-09 0.25544E-05 0.27062E-10
56 0.19577E-09 0.23874E-05 0.25293E-10
57 0.18284E-09 0.22298E-05 0.23623E-10

158 0.1706SE-09 0.20811E-05 0.22048E-10
59 0.15882E-09 0.19368E-05 0.20520E-10

160 0.14795E-09 0.18042E-05 0.19114E-10
61 0.13749E-09 0.16767E-05 0.17764E-10
ý62 0.12798E-09 0.15608E-05 0.16535E-10
63 0.1185OB-09 0.14452E-05 0.15311E-10
164 0.10983E-09 0.13394E-05 0.14190E-10

165 0.10152E-09 0.12380E-05 0.13116E-10
66 0.93366E-10 0.11386E-05 0.12063E-10
ý67 0.85704E-10 0.10452E-05 0.11073E-10
168 0.78634E-10 0.95895E-06 0.10159E-10
169 0.71649E-10 0.87377E-06 0.9257OH-11
70 0.64950E-10 0.79207E-06 0.8391SE-11
71 0.58543E-10 0.71394E-06 0.75638E-ll
72 0.52340E-10 0.63830E-06 0.67623E-11
73 0.46381E-10 0.56562E-06 0.59924E-11
74 0.40604E-10 0.49517E-06 0.52460E-11
75 0.34981E-10 0.42660E-06 0.45195E-11
76 0.29502E-10 0.35978E-06 0.38117E-11
77 0.24123E-10 0.29418E-06 0.31167E-11
78 0.1882SE-10 0.22957E-06 0.24322E-11
79 0.13636E-10 0.16629E-06 0.17617E-11
ýo 0.84867E-11 0.10350E-06 0.3-0965E-11



RMA. 93-03 DIMP, 800 years

0.1 100. 50. 100 .
60.0 .000082 22000. 0.52

Polygon I
1. 0.25 .00057 1.6 0.40 .25 .005

.655 -1. 7.00R-06
80Y 100.0
I I 2.11E+02
2 2 1.24E+02
3 3 5.97E+01
4 4 2.46E+01
5 5 9.04E+00
6 6 3.33E+00
7 7 1.51E+00
8 8 9.71E-01
9 9 8.02E-01

10 10 7.29E-01
11 11 6.80E-01
12 12 6.38E-01
13 13 5.98E-01
14 14 5.62E-01
15 15 5.28E-01
16 16 4.96E-01
17 17 4.66E-01
18 18 4.37E-01
19 19 4.11E-01
20 20 3.86E-01
21 21 3.62E-01
22 22 3.40E-01
23 23 3.19E-01
24 24 2.99E-01
25 25 2.81E-01
26 26 2.64E-01
27 27 2.48E-01
28 28 2.33E-01
29 29 2.19E-01
30 30 2.06E-01
31 31 1.93E-01
32 32 1.81E-01
33 33 1.70E-01
34 34 1.60E-01
35 35 1.49E-01
36 36 1.40E-01
37 37 1.32E-01
38 38 1.24E-01
39 39 1.16E-01
40 40 1.09E-01
41 41 1.02E-01
42 42 9.59E-02
43 43 9.OOE-02
44 44 8.44E-02
45 45 7.92E-02
46 46 7.43E-02
47 47 6.96E-02



ý48 48 6.52E-02
49 49 6.12E-02
so 50 5.73E-02
51 51 5.37E-02
,52 52 5.03E-02

153 53 4.71E-02
154 54 4.40E-02
,55 55 4.12E-02
56 56 3.85E-02
57 57 3.59E-02
58 58 3.35E-02

159 59 3.12E-02
160 60 2.91E-02
61 61 2.70E-02
62 62 2.51E-02
ý63 63 2.33E-02
64 64 2.16E-02
65 65 1.99E-02
,66 66 1.83E-02
67 67 1.68E-02
68 68 1.55E-02
69 69 1.41E-02
70 '70 1.28E-02
71 '71 1.15E-02
172 '72 1.03E-02
73 '73 9. 11E- 03
74 '74 7.98E-03
,75 75 6.87E-03
76 76 5.80E-03
77 77 4.74E-03
178 7 8 3 .70E- 03
79 79 2.68E-03
80 80 1.67E-03



Time: 100.000 - DIMP 800 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

I 0.11794E-05 0.14383E-01 0.15238E-06
2 0.75741E-06 0.92367E-02 0.97857E-07
3 0.40640E-06 0.4956OB-02 0 52506E-07
4 0.18703E-06 0.22808E-02 0.24164E-07
5 0.76553E-07 0.9335SE-03 0.98906E-08
6 0.30128E-07 0.36741E-03 0.38925E-08
7 0.13283E-07 0.16199E-03 0.17162E-08
8 0.77532E-08 0.94552E-04 0.10017E-08
9 0.59593E-08 0.7267SE-04 0.76994E-09
10 0.52639E-08 0.64194E-04 0.680IOE-09
11 0.48686E-08 0.59373E-04 0.62902E-09
12 0.45581E-08 0.55587E-04 0.58890E-09
13 0.42747E-08 0.52131E-04 0.55229E-09
14 0.40149E-08 0.48962E-04 0.51872E-09
is 0.37720H-08 0.460OOE-04 0.48734E-09
16 0.35436E-08 0.43214E-04 0.45783E-09
17 0.33292E-08 0.406OOE-04 0.43013E-09
18 0.31248E-08 0.38108E-04 0.40372E-09
19 0.2936SE-08 0.35811E-04 0.37939E-09
20 0.27587E-08 0.33642E-04 0.35642E-09
21 0.25893E-08 0.31577E-04 0.33454E-09
22 0.2431SE-08 0.29653E-04 0.31415E-09
23 0.22826E-08 0.27836E-04 0.29491E-09
24 0.21414E-08 0.26114E-04 0.27666E-09
25 0.20112E-08 0.24527E-04 0.2598SE-09
26 0.18895E-08 0.23043E-04 0.24412E-09
27 0.177SOE-08 0.21647E-04 0.22933E-09
28 0.16676E-08 0.20336E-04 0.21545E-09
29 0.15670E-08 0.19110E-04 0.2024SE-09
30 0.14732E-08 0.1796BE-04 0.19033E-09
31 0.13823E-08 0.16857E-04 0.17859E-09
32 0.12968E-08 0.1581SE-04 0.1675SE-09
33 0.12177E-08 0.14849E-04 0.15732E-09
34 0.11448E-08 0.13961E-04 0.14791E-09
35 0.10709E-08 0.13060E-04 0.13836E-09
36 0.10046E-08 0.12251E-04 0.12980E-09
37 0.94523E-09 0.11527E-04 0.12212E-09
38 0.88839E-09 0.10834E-04 0.1147SE-09
39 0.8327SE-09 0.1015SE-04 0.10759E-09
40 0.78172E-09 0.95332E-05 0.101OOE-09
41 0.73272E-09 0.89356E-05 0.94667E-10
42 0.68802E-09 0.83905E-05 0.88891E-10
43 0.64586E-09 0.78764E-05 0.83445E-10
44 0.60592E-09 0.73893E-05 0.78285E-10
45 0.56852E-09 0.69332E-05 0.73453E-10
46 0.53338E-09 0.65046E-05 0.68912E-10
47 0.49998E-09 0.60973E-05 0.64597E-10
48 0.46854E-09 0.57138E-05 0.60534E-10
49 0.43947E-09 0.53593E-05 0.56779E-10
so 0.41177E-09 0.50216E-05 0.53201E-10
51 0.38583E-09 0.47052E-05 0.49849E-10
52 0.36142E-09 0.44076E-05 0.46696E-10
53 0.33844E-09 0.41273E-05 0.43726E-10



54 0.31647E-09 0.38594E-05 0.40888E-10
55 0.29611E-09 0.361IIE-05 0.38258E-10
56 0.27682E-09 0.33758E-05 0.3576SE-10
57 0.25837E-09 0-31509E-05 0.33381E-10
58 0.24108E-09 0.29401E-05 0.31148E-10
59 0.22468E-09 0.27400E-05 0.29029E-10
ýo 0.20942E-09 0.25539E-05 0.27057E-10
61 0.19464E-09 0.23737E-05 0.25148E-10
62 0.18085E-09 0.22055E-05 0.23366E-10
63 0.16787E-09 0.20471E-05 0.21688E-10
64 0.15558E-09 0.18974E-05 0.201OIE-10
65 0.14361E-09 0.17514E-05 0.18555E-10
66 0.13219E-09 0.16121E-05 0.17079E-10
67 0.12140E-09 0.14804E-05 0.15684E-10
68 0.11160E-09 0.13610E-05 0.14419E-10
ýq 0-10182E-09 0.12417E-05 0.13155E-10
70 0.92432E-10 0.11272E-05 0.11942E-10
71 0.83251E-10 0.10153E-05 0.10756E-10
72 0.74545E-10 0.90908E-06 0.96311E-11
73 0.66073E-10 0.80577E-06 0.85366E-11
74 0.57923E-10 0.70638E-06 0.74836E-11
75 0.49981E-10 0.60952E-06 0.6457SE-11
76 0.42273E-10 0.51553E-06 0.54617E-11
77 0.34698E-10 0.42314E-06 0.44829E-11
78 0.27250E-10 0.33232E-06 0.35207E-11
79 0.19929E-10 0.24304E-06 0.25748E-11
bo 0.12690E-10 0.15476E-06 0.16396E-11



RMA 93-03 DIMP, 900 years
I

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I A

1. 0.25 .00057 1.6 0.40 .25 .005
.675 -1. 1.02E-06

80Y 100.0
1 1 2.32E+02
2 2 1.49E+02
3 3 7.99E+01
4 4 3.68E+01
5 5 1.50E+01
6 6 5.92E+00
7 7 2.61E+00
8 8 1.52E+00
9 9 1.17E+00

10 10 1.03E+00
11 11 9.57E-01
12 12 8.96E-01
13 13 8.40E-01
14 14 7.89E-01
15 15 7.41E-01
16 16 6.96E-01
17 17 6.54E-01
18 18 6.14E-01
19 19 5.77E-01
20 20 5.42E-01
21 21 5.09E-01
22 22 4.78E-01
23 23 4.49E-01
24 24 4.21E-01
25 25 3.95E-01
26 26 3.71E-01
27 27 3.49E-01
28 28 3.28E-01
29 29 3.08E-01
30 30 2.89E-01
31 31 2.72E-01
32 32 2.55E-01
33 33 2.39E-01
34 34 2.25E-01
35 35 2.10E-01
36 36 1.97E-01
37 37 1.86E-01
38 38 1.75E-01
39 39 1.64E-01
40 40 1.54E-01
41 41 1.44E-01
42 42 1.35E-01
43 43 1.27E-01
44 44 1.19E-01
45 45 1.12E-01
46 46 1.05E-01
47 47 9.82E-02



'48 48 9.21E-02
49 49 8.64E-02
so 50 8.09E-02
51 51 7.58E-02
52 52 7.10E-02
'53 53 6.65E-02
54 54 6.22E-02
,55 55 5. 82E- 02
56 56 5.44E-02
57 57 5.08E-02
58 58 4.74E-02
ý59 59 4.41E-02
'60 60 4.12E-02
61 61 3.82E-02
,62 62 3 .55E - 02
63 63 3.30E-02

164 64 3.06E-02
65 65 2. 82E - 02
'66 66 2.60E-02
67 67 2.39E-02

168 68 2.19E-02
69 69 2.OOE-02
70 70 1.82E-02
171 71 1.64E-02
72 72 1.46E-02
73 73 1.30E-02
74 74 1.14E-02
75 75 9.82E-03
76 76 8.31E-03
77 77 6.82E-03
78 78 5.35E-03
79 79 3.92E-03
180 80 2.49E-03



Time: 100.000 - DIMP 900 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) Csol(g/g)

1 0.12690E-05 0.15476E-01 0.16396E-06
2 0.87522E-06 0.10673E-01 0.1130SE-06
3 0.51330E-06 0.62598E-02 0.66318E-07
4 0.26007E-06 0.31716E-02 0.33601E-07
5 0.11681E-06 0.14246E-02 0.15092E-07
6 0.49381E-07 0.60221E-03 0.63800E-08
7 0.21936E-07 0.26752E-03 0.28342E-08
8 0.11935E-07 0.14554E-03 0.15419E-08
9 0.84900E-08 0.10354E-03 0.10969E-08

10 0.71928E-08 0.87717E-04 0.92930E-09
11 0.65712E-08 0.80136E-04 0.84899E-09
12 0.61316E-08 0.74776E-04 0.79220E-09
13 0.57473E-08 0.70088E-04 0.74254E-09
14 0.53963E-08 0.65809E-04 0.69720E-09
15 0.50686E-08 0.61812E-04 0.65486E-09
16 0.47613E-08 0.58064E-04 0.61516E-09
17 0.44737E-08 0.54557E-04 0.57BOOE-09
18 0.42018E-08 0.51241E-04 0.54287E-09
19 0.39479E-08 0.48145E-04 0.51007E-09
20 0.37090E-08 0.45232E-04 0.47920E-09
21 0.34840E-08 0.42488E-04 0.45013E-09
22 0.32724E-08 0.39907E-04 0.42279E-09
23 0.30740E-08 0.37488E-04 0.39716E-09
24 0.28850E-08 0.35183E-04 0.37274E-09
25 0.27076E-08 0.33020E-04 0.34983E-09
26 0.25428E-08 0.31010E-04 0.32853E-09
27 0.23905E-08 0.29152E-04 0.30885E-09
28 0.22468E-08 0.27400E-04 0.29029E-09
29 0.21106E-08 0.25739E-04 0.27269E-09
30 0.19814E-08 0.24164E-04 0.256OOE-09
31 0.18629E-08 0.22719E-04 0.24069E-09
32 0.17487E-08 0.21326E-04 0.22593E-09
33 0.16403E-08 0.20003E-04 0.21192E-09
34 0.15420E-08 0.18804E-04 0.19922E-09
35 0.14440E-08 0.17609E-04 0.18656E-09
36 0.13540E-08 0.16512E-04 0.17493E-09
37 0.12748E-08 0.15546E-04 0 16470E-09
38 0.11995E-08 0.14628E-04 0.15497E-09
39 0.11257E-08 0.13728E-04 0.14544E-09
40 0.10568E-08 0.12888E-04 0.13654E-09
41 0.99009E-09 0.12074E-04 0.12792E-09
42 0.92819E-09 0.11319E-04 0.11992E-09
43 0.87202E-09 0.10634E-04 0.11266E-09
44 0.81805E-09 0.99762E-05 0 10569E-09
45 0.76874E-09 0.93749E-05 0 99321E-10
46 0.72136E-09 0.87971E-05 0.932OOE-10
47 0.67561E-09 0.82392E-05 0.87288E-10
48 0.63334E-09 0.77236E-05 0.81827E-10
49 0.59400E-09 0.72438E-05 0 76744E-10
50 0.55656E-09 0.67873E-05 0.71907E-10
51 0.52146E-09 0.63593E-05 0 67372E-10
52 0.48847E-09 0.59570E-05 0.63111E-10
53 0.45749E-09 0.55792E-05 0 59107E-10



54 0.42810E-09 0.52207E-05 0.55310E-10

55 0.40052E-09 0.48844E-05 0.51747E-10
56 0.37445E-09 0.45665E-05 0.48379E-10
57 0.3497SE-09 0.42656E-05 0.45191E-10
58 0.32645E-09 0.39811E-05 0.42178E-10
59 0.30409E-09 0.37084E-05 0.39288E-10
,60 0.28364E-09 0.34591E-05 0.36646E-10
,61 0.26359E-09 0.32145E-05 0.34056E-10
62 0.24486E-09 0.29861E-05 0.31636E-10
63 0.22744E-09 0.27736E-05 0.29385E-10
64 0.21089E-09 0.25718E-05 0.27246E-10
165 0.19470E-09 0.23744E-05 0.25155E-10
66 0.17946E-09 0.21885E-05 0.23186E-10
,67 0.16499E-09 0.20121E-05 0.21317E-10
68 0.15120E-09 0.18440E-05 0.19536E-10
169 0.13807E-09 0.16838E-05 0.17838E-10
70 0.12557E-09 0.15313E-05 0.16223E-10
71 0.11332E-09 0.13820E-05 0.14641E-10
72 0.10121E-09 0.12342E-05 0.13076E-10
73 0.89923E-10 0.10966E-05 0.11618E-10
'74 0.78954E-10 0.96286E-06 0.10201E-10
,75 0.68169E-10 0.83133E-06 0.88074E-11
76 0.57731E-10 0.70404E-06 0.74588E-11
77 0.47503E-10 0.57930E-06 0.61373E-11
78 0.37426E-10 0.45641E-06 0.48354E-11
79 0.27555E-10 0.33604E-06 0.35601E-11
,80 0.17755E-10 0.21653E-06 0.22940E-11



RMA 93-03 DIMP, 1000 years
I

0.1 100. 50. 100.
60.0 .000082 22000. 0.52

Polygon I 
t

1. 0.25 .00057 1.6 0.40 .25 .005

.693 -1. 1.40F-06
SOY 100.0
1 1 2.49E+02
2 2 1.72E+02
3 3 1.01E+02
4 4 5.11E+01
5 5 2.30E+01
6 6 9.70E+00
7 7 4.31E+00
8 8 2.35E+00
9 9 1.67E+00

10 10 1.41E+00
11 11 1.29E+00
12 12 1.20E+00
13 13 1.13E+00
14 14 1.06E+00
15 15 9.96E-01
16 16 9.36E-01
17 17 8.79E-01
18 18 8.26E-01
19 19 7.76E-01
20 20 7.29E-01
21 21 6.85E-01
22 22 6.43E-01
23 23 6.04E-01
24 24 5.67E-01
25 25 5.32E-01
26 26 5.OOE-01
27 27 4.70E-01
28 28 4.41E-01
29 29 4.15E-01
30 30 3.89E-01
31 31 3 66E-01
32 32 3.44E-01
33 33 3.22E-01
34 34 3.03E-01
35 35 2.84E-01
36 36 2.66E-01
37 37 2.50E-01
38 38 2.36E-01
39 39 2.21E-01
40 40 2.08E-01
41 41 1.95E-01
42 42 1.82E-01
43 43 1.71E-01
44 44 1.61E-01
45 45 1.51E-01
46 46 1.42E-01
47 47 1.33E-01



48 48 1.24E-01
49 49 1.17E-01
so so 1.09E-01
51 51 1.02E-01
52 52 9.60E-02
53 53 8.99E-02
54 54 8.41E-02
,55 55 7.87E-02
,56 56 7.36E-02
ý57 57 6.87E-02
58 58 6.41E-02
59 59 5.98E-02
,60 60 5.57E-02
161 61 5.18E-02
ý62 62 4.81E-02
63 63 4.47E-02
64 64 4. 14E - 02
65 65 3.83E-02
'66 66 3.53E-02
67 67 3.24E-02
68 68 2.97E-02
ý69 69 2.71E-02
70 70 2.47E-02
ý71 71 2.23E-02

172 72 1.99E-02
73 73 1.77E-02
74 74 1.55E-02
75 75 1.34E-02
76 76 1.13E-02
177 77 9.33E-03
78 78 7.35E-03
79 79 5.41E-03
180 80 3.49E-03



Time: 100.000 - DIMP 1000 Years
Cell Cgas(g/cu.ft) Cliq(g/cu.ft) csol(g/g)

I 0.13428E-05 0.16375E-01 0.17349E-06
2 0.98094E-06 0.11963E-01 0.12674E-06
3 0.62048E-06 0.75669E-02 0.80166E-07
4 0.34140E-06 0.41634E-02 0.44109E-07
5 0.16707E-06 0.20374E-02 0.2158SE-07
6 0.75720E-07 0.92341E-03 0.97830E-08
7 0.34559E-07 0.42145E-03 0.44649E-08
8 0.18091E-07 0.22062E-03 0.23374E-08
9 0.11964E-07 0.14591E-03 0.15458E-08

10 0.96313E-08 0.11745E-03 0.12444E-08
11 0.86047E-08 0.10494E-03 0.11117E-08
12 0.79602E-08 0.97076E-04 0.10285E-08
13 0.74652E-08 0.91039E-04 0.96450E-09
14 0.70083E-08 0.85467E-04 0.90547E-09
15 0.65839E-08 0.80291E-04 0.85063E-09
16 0.61871E-08 0.75452E-04 0.79937E-09
17 0.58124E-08 0.70883E-04 0.75096E-09
18 0.54616E-08 0.66605E-04 0.70564E-09
19 0.51318E-08 0.62583E-04 0.66303E-09
20 0.48217E-08 0.58801E-04 0.62296E-09
21 0.45308E-08 0.55254E-04 0.58537E-09
22 0.42552E-08 0.51893E-04 0.54977E-09
23 0.39972E-08 0.48746E-04 0.51643E-09
24 0.37538E-08 0.45779E-04 0.48499E-09
25 0.35240E-08 0.42975E-04 0.45530E-09
26 0.33109E-08 0.40377E-04 0.42777E-09
27 0.31119E-08 0.37950E-04 0.40205E-09
28 0.29221E-08 0.35635E-04 0.37753E-09
29 0.27474E-08 0.3350SE-04 0.35496E-09
30 0.2578BE-08 0.31449E-04 0.33318E-09
31 0.24240E-08 0.29561E-04 0.31318E-09
32 0.2278SE-08 0.27786E-04 0.29438E-09
33 0.21366E-08 0.26056E-04 0.27605E-09
34 0.20079E-08 0.24486E-04 0.25942E-09
35 0.18844E-08 0.22980E-04 0.24346E-09
36 0.17667E-08 0.21545E-04 0.22826E-09
37 0.16591E-08 0.20233E-04 0.21436E-09
38 0.1562SE-08 0.19058E-04 0.20191E-09
39 0.14669E-08 0.17888E-04 0.18952E-09
40 0.13788E-08 0.16814E-04 0.17814E-09
41 0.12941E-08 0.15781E-04 0.16719E-09
42 0.12108E-08 0.14766E-04 0.15644E-09
43 0.11360E-08 0.13854E-04 0.14678E-09
44 0.10682E-08 0.13027E-04 0.13801E-09
45 0.10028E-08 0.12229E-04 0.12956E-09
46 0.94219E-09 0.11490E-04 0.12173E-09
47 0.88356E-09 0.10775E-04 0.11416E-09
48 0.82589E-09 0.10072E-04 0.10670E-09
49 0.77630E-09 0.94671E-05 0.10030E-09
50 0.72602E-09 0.88539E-05 0.938OIE-10
51 0.67926E-09 0.82837E-05 0.87760E-10
52 0.63777E-09 0.77777E-05 0.82400E-10
53 0.59779E-09 0.72901E-05 0.77234E-10



54 0.55951E-09 0.68234E-05 0.72289E-10
55 0.52355E-09 0.63847E-05 0.67642E-10
56 0.48965E-09 0.59714E-05 0.63263E-10
57 0.45735E-09 0.55774E-05 0.59089E-10
58 0.42683E-09 0.52053E-05 0.55147E-10
ýq 0.39818E-09 0.48559E-05 0.51445E-10
60 0.37102E-09 0.45246E-05 0.47935E-10
ýl 0.34520E-09 0.42098E-05 0.44600E-10
ý2 0.32070E-09 0.391IOE-05 0.41434E-10
63 0.29784E-09 0.36322E-05 0.38481E-10
64 0.27600E-09 0.33659E-05 0.35659E-10
ý5 0.25531E-09 0.31135E-05 OA2985E-10
ý6 0.23546E-09 0.28714E-05 0.30421E-10
67 0.21633E-09 0.26382E-05 0.27950E-10
68 0.19827E-09 0.24179E-05 0.25616E-10
89 0.18099E-09 0.22072E-05 0.23383E-10
70 0.16475E-09 0.20092E-05 0.21286E-10
71 0.14891E-09 0.18160E-05 0.19239E-10
72 0.13323E-09 0.16248E-05 0.17214E-10
73 0.11841E-09 0.14440E-05 0.15298E-10
74 0.10391E-09 0.12672E-05 0.13426E-10
75 0.89908E-10 0.10964E-05 0.11616E-10
76 0.76094E-10 0.92798E-06 0.98313E-11
77 0.62837E-10 0.76630E-06 0.81185E-11
ý8 0.49743E-10 0.60662E-06 0.64267E-11
79 0.36845E-10 0.44932E-06 0.47603E-11
80 0.24091E-10 0.29380E-06 0.31126E-3-1
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Subpart G - Exhibits

502.61(a)

Exhibit 502.61(a)
Wind Erodibility Groups
and Soil Erodibility Index

Soil Erodibility
Predominant Soil Texture Wind Brodibility Index (1)
Class of Surface Layer Group (WEG) _(T/Ar-/Yr)-l/
Very fine sand, fine sand, sand, 1 310 Z/
or coarse sand. 250

220
180
160

Loamy very fine sand, loamy 2 134
fine sand, loamy sand, loamy
coarse sand, or sapric organic
soil materials.

Very fine sandy loam, fine sandy 3 86
loam, sandy loam, or coarse sandy loam.

Clay, silty clay, noncalcareous clay 4 86
loam, or silty clay loam with more than
35 percent clay.

Calcareous loam and silt loam, or 4L 86
calcareous clay loam and silty clay
loam.

Noncalcareous loam and silt loam with 5 56
less than 20 percent clay, or sandy
clay loam, sandy clay, and hemic organic
soil materials.

Noncalcareous loam and silt loam with 6 48
more than 20 percent clay, or non-
calcareous clay loam with less than
35 percent clay.

Silt, noncalcareous silty clay loam 7 38
with less than 35 percent clay, and
fibric organic soil material.

Soils not susceptible to wind erosion 8 -
due to coarse surface fragments or
wetness.

-1/ The soil erodibility index is based on the relationship of dry
soil aggregates greater than .84 mm to potential soil erosion. See
exhibit 502.61(b).
Z/ The "I" factors for WEG 1 vary from 160 for coarse sands to 310 for
very fine sands. Use an I of 220 as an average figure. For coarse
sand with gravel, use a low figure. For no gravel and very fine sand,
use a higher figure.

502-39
(190-V-NAM, Second Ed., March 1988)



Table A-2. VALUES OF K, L AND V FOR COMMON FIEID CROPS

Crop K L,ft. V,lb/acre 0

Alfalfav 1.0 -1000 3000

Barley 01.6 2000 1100

Beans 0.5v 0 250

Corn- 0.6 vl L r-0i -500--

Cotton, 0.5 ý000 250

Grain Hays 0.8 1250 Y

Oats 0.8 2000 1250

Peanuts 0.6 1000 250

Potatoes 0.8 1000 400

Rice 0.8 1000 1000

Rye 0.6 2000 1250

Safflower 1.0 2000 1500

Sorghum 0.5 2000 900

Soybeans 0.6/ 2000 25-0-

Sugar Beets,' 0.6 1000 100

Vegetables 0.6 500 100

Wheatý 0.6 2000 1350 x

Fz* Fij6orivfT

busr

_j L7 f4 e

156
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A

48 SOM SMM

TABLF, 6.-Mttmated propv*

[An asterisk in the first column indicates that at least one mapping unit in the series is made up of two or more kinds of sod The at
for referring to the other series that appear in the fint col

Clamfication
Depth

Soil series and map symbol.3 from
surface

ITSDA texture Umfied AASH(

ZR&U
*Adens. AaB, AaC, AcC, AcD ------- ------------ 0-11 Loam, ifty loam, silty day ML or CL A-4 or A-

For properties of Colby sods in A(C and AcD, I am
refer to Colby series. 11-60 Silty ebty loam, silt loam ------- ML or CL A-4 or A-

Axvada Ad B ----------------------------------- 0-4 Loam, bandy loam ------------- SM or AM A-4 or A-
4-28 Clay, windy day -------------- CL or CH A-7

28-60 Sandy lo - ------------------ SM A-2 or A-

*Ascalon ArB, ArC. AsB, AsC, AsD, At, AvC ------ 0-21 Loamy sand, sandy loam, and SM or SC A-2 or A-
For properties of Platner sods in At and Vona sand Clay loam

soils in AvC, refer to their respective series 21-60 Sandy To - ------------------ SM 1-2 or A-

*Blakeland BoD. Bt ----------------------------- 0-60 Loamy sand and sand ---------- SP-SM or SM A-2 or A-
For Properties of Truckton soils in Bt, refer to

Truckton series.

Colby Cb E ------------------------ ------------ 0-60 Loam and fine sandy loarn AM A-4

Dacono D&A. DaB ----------------- ------------ 0-9 Loam - ---------------------- ML A-4
9-17 Clay -- ---------------------- CH A-7

17-26 Sandy day loam -------------- SC A-4
26-60 Very coarse loamy sand, sand, SP or SM Sp- A-1

and gavel. SM or'GP-
@ GR

Deertrafl ---------------------------------------- 0-9 Very fine sandy loam and lo- - ML A-4
Mapped only in a complex with Weld soils. 9-21 Clay -- ---------------------- CH A-7

21-60 Silty clay lopum and loam ------- CL or ML A-4 or A-

Gravelly land-Shale outcrop complex G r
Fropertaes too vanable to be estimated.

Gullied land Gu
Properties too variable to be estimated

Heldt HIB. HID -------------------------------- G-32 Clay ------------------------- CH A-7
32-60 Silty clay loam., sandy clay CL A-6

loam.

Loamy alluvial land
Lu ------------------------------------------ 0-60 Loam, mlt Ion-, and clay loarn - ML or CL A-4 or A

LV ------------------- ---------------------- 0-20 Stratified loam ---------------- ML A-4
20-60 Sand and gravel- -------------- SP or GP A-1

Lw ------------------ ---------------------- 0-36 Loam day, and stratified. loam-- AM or CL A-4 or A
36 Gravel- ---------------------- GP A-1

Nunn.
NIA, NIB ------------------------------------ 0-9 Loam and day loam ----------- ML A-4 or A

9-23 Clay ------------------------- CH A-7
23-60 Loam and silt loam ------------ CL or ML A-4

NuA, NuB ----------------------------------- 0-9 Clay loam -------------------- CL A-6
9-23 Clay ------------------------- CH A-7

23-60 Loam and silt loam ------------ CL or ML A-6 or A

Platnex* PI B. PIC ------------------------------- G-9 Loam ------------------------ ML A-4
9-18 Clay - ----------------------- CH A-7

18-60 Clay loam, loam, and sandy SM, ML, or A-6 or A
loan). CL

Renobill Re B. ReD ----------------- 0-9 Loam and day loam ----------- ML or CL A-6
9-28 Cla; and clay loam ------------ CH A-7

2S = and sand tone



-4TrAci+m oo A.
ADAMS COU= , COLORADO 49

m18 agntf-icant to enginunng

such mapping units may bave chfferent properties and Unixtataons, and for tb3s reason it is necessary to follow carefully the instructio
The sign > means more than, and the sign < mean less than]

Percentage pawing sieve- Available
Permeability water Reaction Salinity Shnnk-swell

No 4 No 10 NO 40 No 200 capacity potential
(47 (20 (042 (0074

rom min) rnm nun )

India per hour lada per vu* ofnff PH Mmkol I= d W C
100 100 85-95 70-85 0 0" 20 0.19-0 21 6 6-7 8 0-4 'Moderate

100 100 90-100 70-90 0 63-2 0 0 19-0 21 7 9-9 0 0-4 Low to moderate

100 100 60-90 30-M 0 63-& 3 0 11-0 18 7 9-8. 4 0-8 Low
100 100 90-100 80-90 <0 06 0 04-0 06 7 9-10 0 8-15 High
100 95-100 60-70 30-40 2 0--& 3 0 04-0 06 7 9-9 0 4-15 Low

100 9Z-100 60-80 30-50 0 63-2 0 0 13-0 15 6 6-7 8 0-4 Low to moderate,
100 95-100 60-70 30-40 2 0-6 3 0 11-0 13 7 9-9 0 0-4 Low

100 100 50-75 5-15 -6 3-20 0 0 06-0 08 6 1-7 3 0-2 Low

100 100 80-95 50-80 0 63-2,0 0 16-0 18 7 9-8. 4 0-4 Low to moderate

90-100 85-100 80-90 60-70 0 63-2 0 0 16-0 IS 6 6-7 3 o-l Low
90-100 85-100 80-100 70-80 0 06-0 20 0 14-0 16 7 4-7.8 0-1 High
90-100 85-100 80-90 35-50 0 63-2 0 0 14-0 16 7 9-8 4 G-2 Moderate
50-65 25-35 15-25 0-15 >20. 0 0 03-0 05 7 9-8. 4 0-2 Low

100 100 85-95 60-70 0 63-2 0 0 15-0 17 6 6-7 8 0-4 Low.
100 100 95-95 70-90 0 06-0.20 0.04-0 06 7 9-10 0 0-8 High.

N 100 100 90-100 75-85 0 63-2 0 0 04-0 06 7 9-10 0 Low to moderate

100 100 95-100 80-95 0.06-0 20 0.14-0 16 7 9-8. 4 0-2 High
100 100 9G-100 70-90 0 20-0 63 0 16-0 18 7 9-8 4 0-2 Moderate

100 100 85-100 6"0 020-2 0 0 16-0 20 -------------- 4-8 Low to moderate.

100 95-100 85-95 50-80 0 63-2.0 0 16-0 IS -------------- 0-8 Low.
30-40 25-35 15-25 0-5 >20. 0 0 03-0 05 -------------- 0-2 Low.

100 100 85-95 50-80 0 20-2 0 0 16-020 -------------- 0-8 Low to moderate.
30-40 25-35 15-ý25 0-5 >20 0 0 03-0 05 -------------- 0-2 Low.

100 90-100 80-90 60-80 0 63-2.0 0 16-0 18 6.6-7 3 0-2 Moderate
100 100 90-100 75-85 0 2-0 63 0 14-0 16 7 4ý7 & 0-2 High.
100 90-100 80-90 60-80 0 63-0 20 0 18-0 20 7 9-8 4 0-4 Moderate

100 90-100 80-90 60-80 0 20-0 63 0 19-0 21 6 6-7 3 0-2 Moderate
100 90-100 80-90 75-85 0 06-0 20 0 14-0 16 7 4-7 8 0-2 High.
100 90-100 80-90 50-70 0 20-2 0 0 '18-0 20 7 9-8. 4 0-4 Moderate

100 100 85-95 60-70 0 63-2.0 0 16-0 18 6 6-7 3 0-2 Moderate
100 100 90-100 75-85 0 06-0 20 0 14-0 16 6 6-7 3 0-4 High.
100 90-100 75--85 40-75 0 63-2.0 0 16-0 18 7 9-& 0 o-4 Low to moderate

100 100 85-95 70-80 0 2-0 63 0 18-a 20 7 4-8. 4 0-2 Moderate
100 100 90-100 70-95 0 06-0 20 0. 15-& 17 7 9-9 0 0-2 High
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Table 1 PzAAJT
Frecipitadon Values for the RFP --7 R-C<41r-y FL-*TS

(in Inches) v &-P-

RECUP.RENCEIN"rERVAL

(PmbabfMjX of Qcýnggmj-

REFERENCE

DURA- 2-Yr 5-Yr 10-yr 25-yr 50-yr 100-yr 500 yr PMP(G) APM MIX

MON (5Q%) (70%)jj0%) (A%) ýZ%) (1%) (0,2%) TABLE

-min U 0.4 0.5 orj 0.7 0.8

10-min 0-5 0.6 0.8 io 1.1 1.2

15-min 0-6 0.8 1.0 1.2 1.4 1.5

30-min 0.3 1.2 1.4 1.7 1.9 2.1 - -

(a 1-0 1.5 1.9 2.1 2.4 (@ 3.3 13 B-4

2-br 1-2 1-6 2.0 7-4 2-3 3.0 3.8 15

6-hr 1-6 2X z5 3.0 3.4 3.8 4.8 14.5 24 B-1

24-hr 2.2 2.8 3.2 4.o 4.4 :5.2 6.5 35 B-2

724ir 2-9 3.3 3.8 5.0 5.5 6_3 8.1 43 B-3

PW(L) - L=31 St=n pmp

PW(G) - G=eral Storm PIMP

3wno-Rumoff Qoauzy fo,
Vmý Dccgm E"m MAL
Zml..Offze wammx3dun, So* ;=ugly S, 2991

4 0

ES\OU4\EROSCOV CLC 05/04194
A4 Rev No:.Al()
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2146 Water Engineering

Table 21 -11. Values of the Roughness Coefficient n for Use in the Manning
Equation

Min Avg Max

A Open-channel flow in closed conduits
1 Corrupted-metal storm drmn 0 021 0024 0 030
2 Cement-mortar surface 0011 0013 0015
3 Concrete (unfinished)

a Steel form 0012 0013 0014
b Smooth wood ibrin 0012 0 014 0016
c Rough wood form 0015 0017 0020

B Lined channels
1 Metal

a Smooth steel (unpainted) 0011 0012 0 014
b Corrupted 0021 0025 0030

2 Wood
a Planed, untreated 0010 0012 0 014

3 Concrete
a Float finish 0 013 0 015 0 016
b Gunite, good section 0 016 0019 0 023
c Gunite, wavy section 0018 0 022 0025

4 Masonry
a Cemented rubble 0017 0025 0 030
b Dry rubble 0023 0032 0035

5 Asphalt
a Smooth 0013 0013
b Rough 0 016 0 016

C Unlined channels
I Excavated earth strwght and

uniform
a Clean, after weathering 0018 0022 0025
b With short grass, few weeds 0 022 0027 0 033
c Dense weeds, high as flow depth 0 050 0 080 0 120
d Dense brush, lugh stage 0 080 0 100 0140

2 Dredged earth
a No vegetation 0 025 0028 0 033
b Laght brush on banks 0 035 0050 0060

3 Rock cuts
a Smooth and uniform 0 025 0035 0 040
b Jagged and irregular 035 0 040 0 050

Shallow flow in an unlined channel will result in an increase in the effective n value if the
channel bottom is covered with large boulders or ridges of silt, since these projections would then
have a larger influence on the flow than for deep flo%& A deeper-than-normal flow will also result
in an increase in the effective n value if there is a dense growth of brush along the banks within the
path of flow When channel banks are overtopped during a flood, the effective n value increases
as the flow spills into heavy growth bordering the channel The roughness of a lined channel
experiences change with age, because of both deterioration of the surface and accumulation of
foreign matter, therefore, the average n values given in Table 21-11 are recommended only for
well-maintained channels (See also Art 21-9 and Table 21-4

is, 21-26. Water-Surface Profiles for Gradually Varied Flow. Examples of various surface curves
possible with gradually vaned flow are shown in Fig 21-46 These surface profiles represent
backwater curves that form under the conditions illustrated in examples (a) through (r)

These curves are divided into five groups according to the slope of the channel in which they
appear (Art 21-23) Each group is labeled with a letter descriptive of the slope M fbr mild
(subcntical), S for steep (supercnbcal), C for critical, H fbr horizontal, and A for adverse Ile
two dashed lines that appear in the left-band figure for each of these classes are the normal-depth
line N D L and the cntwal-depth line C D L The N D L and C D. L are identical for a chan-
nel of critical slope, and the N D L is replaced b% a horizontal line, at an arbitrary elevation, for
the channels of horizontal or adverse slope

There are three types of surface-profile curves possible in channels of mild or steep slope, and
"-- -'L--I' , kn".7nnt.11 and adverse slone
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File Help Screen
RUSLE SWCS1.04

Conservation Planning Alternatives - Soil Loss Computation Worksheet:

filename R x K x LS x C x P 0

TRIAL-SO 40 0.29 6.09 0.135 1.00 9.5 0
TRIAL-VG 40 0.29 6.09 0.052 1.00 3. 6 0
TRTAL-GA 40 0.18 6.09 0.045 1.00 2 a

0 TRIAL-GV 40 0.18 6.09 0.025 1.00 1. 1 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 a
0 0 0 0 0 0 a
a 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

ZM 0
0 fizid aAAAA6666466

7eiAL- - Sc3 A m e7r> ý5ý 1 L_ CM) L caAjb , -rl o Ax s /jb <'-'eA ve-1-
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JEA-WPA71-4-

6 ag Pile Exit Help Screen
AW&A< Rainfall PaCtOr SWCS1.04

0
city code: 6001 DENVER co 0

0 Initial R value: 40 0
field slope W: 14.8 6&9A&AAA6L A a- ig eL 4!

adjust for ponding?:01 - C1. yes -D0 
,4ýLný 00 A&CACISAULACIVICA&Z

0 06dida- aa- fiacladag aciaciga aagclaaaaa'a'acicigaiia&.i,i,ia,iadcicieLaciagL0 * Should the program adjust the R factor for the 010 0 effect of ponded u7ater absorbing rainEall impact? 00 0 Answer yes UNLESS the surface is very rough or 0
0 has been formed into moderate to high ridges. 0 0

0
0

A 9 9. A & A & A A a' 6 9L a' 6AA&&&&cUd,1Ad< F3 -When Questions Answered 0
-5 L.0 P E- L e7J 6-774r-A-e--rOR (L-S) - PoeA-4d- 4 :5e-&--,VA-f?-105

File Exit Help Screen A&LS Factor SWCS1. 0400 number of segments: 2 segment lengths are measured: 20 segments are: I0 use LS table: 3

2
" Gradient M of Segment 5 20
" Length of Segment (ft) 200 140
" Segment LS 1.9-41.017 13.344
0 0 overall LS 6.09; equiv. slope 14.9 horiz. length 340 fto

LC aidd

Esc exits >,icicia*cicigLggcitLggAcicicia';';'ggztgg&igggggg-
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PROJECT 'em./f f,-70-3 COMPUTED BY

SUBJECT 4U!54_a_r CHECKED BY

5 0 / Z_ Cv Z_1ý 'C -70 f 1=6 t?- r-71 IP-S 7 7WO
,AJ 0 G-jeh V 67, AtM),K y-

45CWVArZi6.5 WISCIA- 4A-;Or,ýý

Fa.le EX3.t Help
odadag& Ld - Screen

cla cUdAfLaA< Seasonally
0 Variable K Factor SWCS3..04

city e*L a

-ty 
()ý01 

DENVERrock cove . ( - co estimated K: 0.24 0

s ) # yrs to consolidate: 7 hyd. group: 2 0
0 Soil serifes- scalon surface texture: sl
Odd6gDATEddla-
0 aS.&I

0.0 0 Kd fL
0 0.188 7/1-7/15 14.5 0.297 a

" 1/16-1/31 0.1 0.216 a 7/16-7/31 16.0 0.246j 0
" 2/1-2/15 0.0 0.249 a 8/1-8/15 15.1 0.202 a

" 2/16-2/28 0.1 0.285 0 8/16-8/31 7.7 0.167 0

" 3/1-3/15 0.1 0.32 a 9/1-9/15 4.8 0.137 0

" 3/16-3/31 0.3 0.367 a 9/16-9/30 1.8 0.113 0

" 4/1-4/15 1.1 0.423 a 10/1-10/15 1.0 0.094 0

" 4/16-4/30 3.2 0.485 0 10/16-10/31 0.4 0.094 0
" 5/1-5/15 5.0 0.64 0 11/1-11/15 0.2

5/16-5/31 9.6 0.53 0 0.109 0

" 6/1-6/15 7.7 0.434 0 11/16-11/30 0.0 0.125 0

" 6/16-6/30 11.1 0.359 0 12/1-12/15 0.1 0.142 0
12/16-12/31 0.1 0.163 0

0 NOTE: upward adjustment of K reached the limit of 1.2 Knom ----- 0a EI DIST.: 84 FRE EZE- FRE E DAYS: 1600 AVERAGE ANNUAL IC: 0.288R VALUE: 40 Kmin - 0.087 On 10/14 Kmax 0.648 on 5/7
ad a aa&dld' ddd&"1gAdciMd4'AddAAdAdd_ fifi.< Esc exits >&&cigda-LCL&a-cieLa-cia'ACU&&CiaýifLtLgfid-gAglgdal

4,u 1771
?d -70 6ýRA-Lle7ý

File Exit Help Screen
I

66dd Adý!-&&Addgda< Seasonally Variable K Factor SWCS1.04
0 ci -ode:,- 60101 DENVER co estimated K: 0.15 40

rock ve o # yrs to consolidate: 7 hyd. group: 2
" soil ser-i tm--, - surface texture: sl
OULU R g 6 a a a- a a 6- a' fiVE I ggad- gagrcad A Afma Oda&&ADATEdd fifigAdfill A&WE I dA 6-14AAMIMELAAAE-L 0
40 1/1-1/15 0.0 0.118 0 7/1-7/15 14.5 0.186 0
" 1/16-1/31 0.1 0.135 a 7/16-7/31 16.0 0.154 a
" 2/1-2/15 0.0 0.156 a 8/1-8/15 15.1 0.126 0
" 2/16-2/28 0.1 0.178 0 8/16-8/31 7.7 0.104 a
" 3/1-3/15 0.1 0.2 a 9/1-9/15 4.8 0.085 0
" 3/16-3/31 0.3 0.229 0 9/16-9/30 1.8 0.071 0
" 4/1-4/15 1.1 0.265 a 10/1-10/15 1.0 0.059 0
" 4/16-4/30 3.2 0.303 a 10/16-10/31 0.4 0.059 0
" 5/1-5/15 5.0 0.4 0 11/1-11/15 0.2 0.068 0
" 5/16-5/31 9.6 0.331 0 11/16-11/30 0.0 0.078 a
" 6/1-6/15 7.7 0.271 0 12/1-12/15 0.1 0.089 a
" 6/16-6/30 11.1 0.224 a 12/16-12/31 0.1 0.102 0

" NOTE: upward adjustment of K reached the limit of 1.2 Knom,
" EI DIST.: 84 FREEZE-FREE DAYS: 160 AVERAGE ANNUAL K: 0.18
" R VALUE: 40 Kmin - 0.054 on 10/14 Kmax - 0.405 on 5/7

Esc exits
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clz 4-
SO - 'So 7 L, W//,c V675-. or le P_007Wh-S5

File ]?xit Help Screen
Time-invariant C SWCSI.04

where get vegetation information?: 3 0
0 0
0 a
0 0 CA ann. grassland .3 0 0
0 effective root mass (lb/ac) in top 4": 0 0 tallgrass prairie .3 0 0
0 -V canopy cover: 0 0 clipped & bare .6 0 0
0 average fall height (ft): 0 0 pinyon/jun. inter. .6 0 0
0 roughness value for the field condition: 0 cleared .7 30 0

tur 1 8 0has there been mechanical disturbance: 0 natural shrub .8 0
0 s 0 0

0 d & itted 1.0 0 0
total t ground cover (rock and residue): 20 0 mixed grass prar. 1.0 40 0

* surface covered by rock fragments: 0 0 pitted 1.1 0 0
0 W vegetative residue surface cover: 20 0 sagebrush 1.1 0 0
0 surface cover function; B-value code: 1 0 root plow 1.3 0 0

0
C, 13

0 enter avg. annual values!
F3 When Questions Answered

C - p-A-c:710 e-
-7-g / +L_ - VCT - -.s,= 1 i-j / v Aj 4 40o -r- /tt 4-s s

File Exit Help Screen
Time-invariant C SWCSI.04

0 where get vegetation information?: 3 0
0

CA ann. grassland .3 0
0 effective root mass (lb/ac) in top 4": 950 a arass mrairie, .3>0 0
0 canopy cover: 30 0 clipped & bare .6 a 0
a average fall height (ft): 1 0 pinyon/jun. inter. .6 0

ip 

0

0 roughness value for the field condition: .3 0 cleared .7 0 0
'S 

tur

has there been mechanical disturbance: 0 natural shrub .8 0
a 0 shortgrass desert .8 0
a 0 cleared & pitted 1.0 0
0 total * ground cover (rock and residue): 30 0 mixed grass prar. 1.0 0 a
a t surface covered by rock fragments: 0 0 pitted 1.1 0 0
a k vegetative residue surface cover: 30 0 sagebrush 1.1 0 0
0 surface cover function; B-value code: 1 0 root plow 1.3 0 a
0 0
a C-= 0,05-2-

- enter avg. annual values!
F3When Questions Answered
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SUBJECT leu4&6, CHECKED BY
F_- A-C-70 P_

GA '50/ 4ý L46:-&.,%- 9/&Z- A-A e&o -rAf &-IAJ

File Exit Help Screen
Time-invariant C SWCS1.04

0 where get vegetation information?: 3 0
0 0

0 0 CA nnn. grassland .3 0 0
0 effective root mass (lb/ac) in top 4": 950 0 tallgrass prairie .3 10 a
0 % canopy cover: 0 0 clipped & bare .6 0 0
0 average fall height (ft): 0 0 pinyon/jun. inter. .6 10 0

0 roughness value for the field condition: - 0 cleared .7 0 0
0 has there been mechanical disturbance: 0 natural shrub .8'0 0
0 : shortarass dppprt 0 0
0 , -eared & itt d 1. 0 0

0
0 total !k ground cover (rock and residue): 30 0 mixed grass prar. 1.0 0 a
0 surface covered by rock fragments: 30 0 pitted 1.1 0 0
0 t vegetative residue surface cover: 0 0 sagebrush 1.1 0 0
0 surface cover function; B-value code: 1 0 root plow 1.3 0 0
0 CIAULAC&FLAAAa, &FALA&FLAZISAL AfAi 0
0
0 C-Z 0 0+5
0 enter avg. annual values!

F3 When Questions Answered >cicicifLfLfLigLCLA;69LCLAtLa'CLAAA t

G-FA-cTo

7r-IA I - G- V - 5o I e- wIGZ4v&zý A-,d A4 /,X L/ 6M 4f Zc:ýc7;44 A-

File ESý37_ t Help Screen
Time-invariant C SWCSI.04

0 where get vegetation information?: 3
0 0
0 a
0 0 ann- gra landa .3 0 0

effective root mass (lb/ac) in top 4": 950 ---- Z&ilqrass DnraILnrIe=_:.3ý,_) 0 a

%, canopy cover: 30 0 clipped & bare .6 ID 0

0 average fall height (ft): 1 0 pinyon/jun. inter. .6 0 0

0 roughness value for the field condition: .3- 0 cleared .7 0 a
0 has there been mechanical disturbance: W 0 natural shrub .8 a 0
0 0 Shortgrass desert .8 0 0
0 0 cleared & pitted 1.0 0 0

0 total %- ground cover (rock and residue): 51 0 mixed grass prar. 1.0 0 0
0 k surface covered by rock fragments: 30 0 pitted 1.1 a 0
0 % vegetative residue surface cover: 30 10 sagebrush 1.1 0 0
0 surface cover function; E-value code: 1 0 root plow 1.3 0 0

0

enter avg. annual values!
F3 When Questions Answered
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F3.le Exit Help Screen
6g&, P Factor - Cropland SWCSL.04ad afiA
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0
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PROJECT 'fNA !9'50--3 COMPUTED BY pa ::Vý

SUBJECT CHECKED BY

7
File Exit Help Screen

RUSLE SWCSI. 04 ad
0 Conservation Planning Alternatives - Soil Loss Computation Worksheet
40 0

0 filename R X K X LS X C X P A 0

0 TRIAL-SR 40 0.29 6.093 0.063 1.00 (1-5
a 0 0 0 0 0 0
0 0 0 0 0 0 0

n 0 0 0 0
File Exit Help Screen -

6aýdaýd<199L;ka'a'gLa';Ia'cid;kddfidcig< Time-invariant C SWCS1. 04
where get vegetation information?: 3 0

a d Ci a 6 & a 6 A a CL CI a gL CI 0
CA ann. grassland .3 0 0

effective root mass (lb/ac) in top 4n: 950 0 tallgrass prairie .3 0 a

t- canopy cover: 0 0 clipped & bare .6 0 0

average fall height (ft): 0 pinyon/jun. inter. .6 0 0

" roughness value for the field condition:a_ý.',._ cleared .7 0 0
" has there been mechanical disturbance: I natural shrub .8 0 a

ss A - - - - 4- 0 0 a

learerl F, nitted 1. 0

0 total * ground cover (rock and residue): 20 m3-xed graSB prar. .0 0 a
a t surface covered by rock fragments: 0 0 pitted 1.1 0 0
a k vegetative residue surface cover: 20 0 sagebrush 1.1 0 a
0 surface cover function; B-value code: 1 0 toot plow 1.3 0 0

0
enter avg. annual values! 0

F3 When Questions Answered

X I (-Z_ coo A I X I Z X / Cx5c>
/,100 X4 X / of

Since it is not anhcipated that a consistent vegetative condition would be maintained over the entire 1000-
year design life of the cam, it is suggested that the design of the u14=most soil Irier be designed toaccount for an unvegetated condition. The inclusion of the gravel admix into the topsoil layer greatly
reduces the total required depth of this layu (23 61 inches vs 8.16 inches) However, a cover of soil
with vegetation (no gavel adnin) may be snitable for the 1,000 year design life vn& appropriate final
slope lengths andmgles These conceptual calculations were based on assumed slope angles and lengths
which May change during desIgEL Based on these conceptual calcuiations, it suggested that the Tnal-GA
(soll(gravel admix with root mass, but no above grade -vegetation) scenario be used, which would yield a
Tmnizmmi topsoil/gravel admix layer thickness of 10 inches (to allow for so= remammg fm=onal layer
aftr the, 1000 ycu pmod).
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TABrz 6.;-E4ftmated propatic
[An zeArisk in the first column indicates tbat at least one mapping unit in the senes is made up of two or more lands of soiL The soil

for zeferrmg to the other series that appear in the first cola

Depth Classification

Soil series and map symbols from
surface

USDA texture Umfied AASHO

z4a"
*Adenz. AaB. A&C, AcC. AcD -------------------- 0-11 Loam, CIA r loam, silty clay ML or CL A-4 or A-6

For properties of Colby soils m AcC and AcD, loam
refer to Colby series. 11-60 Silty clay tosm, silt loam ------- 3ML or CL A-4 or A-6

Arvads. Ad B ----------------------------------- 0-4 Loam, sandy loam ------------- S3611 or ML A-4 or A-2
4-28 Clay, sandy clay -------------- CL or CH A-7

28-60 Sandy loam ------------------- SM A-2 or A-4

*Ascalon ArB, ArC. AsB. AsC, AsD, At. AvC ------ 0-21 Loamy sand, sandy loam, and SM or SC A-2 or A-4
For propertaes of Platner soils m At and Vona sandy day loam.

soils in AvC, refer to thear respective series 21-60 Sandy loam ------------------- Sjj A-2 or A-4

*Blakeland BoD, Bt- -------- ------------------- 0-60 Loamy 3wid and itand --------- SF-SM or SM A-2 or A-3
For propertaes of TrucktOn BOIIS in St, refer to

Truckton series.

Colby- Cb E ------------------------------------- 0-60 Loam and fine sandy loam ------ ML A-4

Dacono DaA. DaS ---------- ------------------- 0-9 Loam ------------------------ ML A-4
9-17 Clay CH A-7

17-26 Y SC A-4
26-60 r c e SP or SM, SP- A-1

and =jreL SM, or GP-
GM

Deutrail ---------------------------------------- 0-9 Very fine sandy loam and loam - ML A-4
Mapped only m a complex vnth Weld soils. 9-21 Clay ------------------------- CH A-7

21-60 Silty clay loam and loam ------- CL or WIL A-4 or A-6

Gravelly land-Shale outcrop complex- Gr
Propertaes too vanable to be estimated

Gullied land Gu.
Propertaes too variable to be estimated

.Ueldt HIS, HID -------------------------------- 0-32 Clay ------------------------- CH A-7
32-60 Silty clay loam, sandy day CL A-6

loam

Loamy alluvial. land-
Lu ------------------------------------------ 0-60 Loam, Wt loam, and clay loam.- ML or CL A-4 or A-6

LV ---------------------- ------------------- 0-20 StrztAfied loam ---------------- ML A-4
20-W Sand andgraveL -------------- SP or GP A-1

LW ----------------------------------------- 0-86 Loam, clay, and stmufied loam-- ML or CL A-4 or A-6
36 Gravel, ----------------------- GP A-1

Iqunn:
NIA, NIB ------------------------------------ 0-9 Loam and clay loam ----------- ML A-4 or A-6

9-23 Clay ------------------------- CEE A-7
23-60 Loam and silt loam - ---------- CL or ML A-4

NuA. NuB ----------------------------------- 0-9 Pay lawn -------------------- CL A-6
9-23 Clay ------------------------- CH A-7

23-60 Loam and adt loam ------------ CL or ML A-6 or A-4

Platner- PIB. PIC ------------------------------- 0-9 Loam ------------------------ ML A-4
9-18 Clay ------------------------- CEE A-7

18-60 Clay loam, loam, and sandy SXL TAIý or A-6 or A-4
loam. dia,

Renobill. ReB, ReD ----------------------------- Loam and clay loam ML or CL A-6
9-29 Clay and day CH A-7

28 Rhft] and sandstone.
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8oib signifWant to eiWzne,9ritW
I carefully the instraddc,

Tc,h,,u, pVng units may bave different properties and ft-slu-n-, and for this reason it is necessary to follow
h 1; means more than, and the sign < means

Percentage passing sieve- Available
PermeabUlty water Reaction Salinity Sbriuk-swell

No 4 NO 10 No 40 No 200 capacity potential
(4 7 (2 0 (0.42 (0074

MTn) nim) mm.) TnTn)

ludiapaAmr Zxeke*Verft&*fwU PH atfp 0
100 100 85-95 70-95 0.06-020 0. 19-Q 21 & 6-7. 8 0-4 Moderate.

100 100 9G--100 70-90 0.63-2.0 0 19-0.21 7.9-9 0 0-4 Jow to moderate

100 100 60-90 30-60 0. 63-& 3 0.11-0 is 7 9-8. 4 0-8 Low
100 100 9G-100 8G-90 <0 06 0.04-0 06 7 9-10 0 8-15 High.
100 95-100 6G-70 3G-40 2. 0-& 3 0. 04-M 06 7 " 0 4-15 Low.

100 95-100 60-M 30-50 0 63-2.0 0.13-0 15 6.6-7 9 o-4 Low to moderat(I

100 95-100 60-70 30-40 2. 0--& 3 0.11-0 13 7 9-9 0 0-4 Low

100 100 5G-75 5-15 6 3-20 0 0 06-0 08 & 1-7 3 G-2 Low

100 100 80-95 50-80 0 63-2-0 0 16-0 IS 7. 9-8. 4 0-4 Low to moderate

90-100 85-400 8D-90 60-70 0.63-2.0 0. 16-4L is & 6-7. 3 0-1 Liow
90-100 85-100 80-100 70-80 0.06-0.20 0.14-0 16 7.4-78 0-1 High.
90-100 85-100 80-90 35-50 0.63-2.0 0. 14-Q 16 7. 9-8, 4 0-2 Moderate
50-65 25-35 15-25 0-15 >20. 0 0.03-0 05 7.9-8, 4 0-2 Low.

100 100 85-95 60-70 063-2.0 0 15-0 17 6.6-78 0-4 Low
100 100 85-95 70-90 Oý 06-0 20 0.04-0 06 7.9-10.0 0-8 High to moderate.100 100 90-100 75-85 0.63-2.0 0.04-006 7.9-100 4-8 Low

100 100 95-100 80-95 0 06-0 20 0 14-0 16 7 9-8. 4 0-2 High.
100 100 90-100 70-90 0 2G-0 63 0 16-0 18 7 9-8.4 0-2 Moderate

100 100 95-100 60-80 0.20-2.0 0 16-AL 20 -------------- Low to moderate.

100 95-400 85-95 50-80 0.63-2.0 0 16-0 IS -------------- 0-8 LOW.
SG-40 25-35 15-25 0-5 >20. 0 0 03-0 05 -------------- 0-2 Low.

100 100 85-95 50-80 0.20-2.0 0.16-020 -------------- Low to moderate
3G-40 25-35 15-25 0-5 >X 0 0.03-0.05 -------------- 0-2 Low.

100 90-100 80-90 60-80 0 63-2.0 0 16-0 is 6.6-7.3 0-2 Moderate.
100 100 90-100 75-85 0.2-0 63 0.14-0 16 7 4-7 8 0-2 High
100 90-100 go-go 60-80 0 63-0 20 0.18-0 20 7. 9-8, 4 0-4 Moderate.

100 90-100 8"0 60-80 0.20-0 63 0 19-0 21 6 6-7 3 0-2 Moderate
100 90-100 80-90 75-85 0.06-0 20 0 14-0 16 7.4-7.8 0-2 High
100 90-100 80-90 5G-70 0.20-2.0 0.18-0 20 7. 9-8, 4 0-4 Moderate

100 100 85-95 60-70 0.63-2.0 0.16-0 18 & 6-7. 3 0-2 Moderate
100 100 9G-100 75-85 0 06-0 20 0.14-0 16 6 6-7 3 o-4 High.
100 90-100 75-85 40-75 0.63-2.0 0.16-0 is 7. 9-8, 0 o-4 Low to moderate

100 100 85-95 70-M & 2-0. 63 0.18-0 20 7 4-&4 0-2 Moderate.
100 100 90-100 70-95 M 06-0.20 0. U-0. 17 7. 0 0-2 High.



Table S.

Typical Root Mass Values for Established Forage Stands.

(Source: USDA Agriculture Hand3ook 703.)

Root mass in Yield
Common Name top 1 4 in. (lb (tons/acre)

ac

Grasses:

Bahiagrass 11,900 -

Bermudagrass, CoastaL 3j,900 -

Bermudagrass, Common 2F4OO -

Bluegrass, Kentucky 4F800 -

Bromegrass, Smooth 4r5OO 2.5

Dallisgrass 2,500 -

Fescue, Tall 7FOOO 1.5

Orchardgrass 51900 2.5

Timothy 21900 2.5

Legumes:

Alfalfa 30,500 1.75

Clover, Ladino IF400 -

Clover, Red 2,,100 1.25

Clover, Sweet 1f200 -

Clover, White 1,900 -

Lespedeza, Sericea 10,900 -

Trefoil, Birdsfoot 2,400 -

f

IThese values are for mature, full pure stands on wel3 dra-ed nonirrIgated
soils with moderate to h2.gh available water-holding aipaczty. These values
hold for the species shown only with= thexr range of adaptation. zzcept for
bxe=xals, most forages do not atta2n a fully-developBd root system until the
end of the second grow3-ug season. Root man& values Usted can be reduced by

I ; much as(KP on excesszvely draxned or shallow 
L and xn areas where

tufall during the grow=g season isa

A-ý,ý5L4 A41E7 "Lr O-P L4=rWVS-r VALjA7V-CCatJ'SCe-""8;)

ul7e Cý 5-D -Lb

44-

45
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is erosion objectionable in itself but erosion can degrade the
seriously reduce its effectiveness.

-aate Erosion Potential Step 19

The USDA universal soil loss'equatiou (USIE) is a convenient tool for
use in evaluating erosion potential. The 'USIZ predicts average annual soil
loss as the product of six quantifiable factors. The equation is:

A=RKLSCP

where A = average 2nnnal soil loss, in tons/acre
R = rainfall and runoff erosivity index
K = soil erodibility factor, tonss/acre
L = slope-length factor
S = slope-steepness factor
C = cover-management factor
P = practice factor

The data necessary as miput to this equation are available to the evaluator
in a figure and tables included below. Note that the evaluations in Step 8
on soil composition and Steps 25-32 on vegetation all impact oa the evalu-
ation of erosion also.

Factor R in the USLE can be calculated empirically from (-.Limatolog3.cal
data. For average annual soil loss determinations, however, R can be ob-
tain d directly from Figure 20. Factor K, the average soil lobs for a given

35 " 5020 35
J 35 35 .50 Gomm&

06 DAK=A

AOO

20

50
35

350
bo WO

Figure 20. Average annual values of rainfall-erosivLty fAtctor R.12
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soil in a unit plot, pinpoints differences in erosion according to differ-
ences in soil type. Long-term plot studies under natural rairtfall have pro-
duced K values generalized in Table 5 for the USDA soil types

TABLE 5. APPROXIMATE VALUES OF FACTOR K FOR
USDA TEXTUM CL&SSMES11

anic matter content
Texture c"s s -0.5% 2% 4%

K K K

Sand 0.05 0.03 0.02
Fine sand .16 .14 .10
Vez7 fine sand .42 .36 .28

Loany sand .12 .08
Loany fine sand .24 .20 .3.6
Icamw very fine sand .44 .38 .30 __- C'OLJ5*'M-VA:'r Meý
Sandy loam .2T (:D ý .19
Fine sandy loam .35 .30 .24
Very fine sandýy I oam .4T .41 .33

Loam .38 .34 .29

Silt loam .48 .42 .33

Silt .60 .52 .42

Sandy clay loam .2T (ý9) -21

MAy loan .28 .25 .21

silty clay loam -3T .32 .26

Sandy c3Ay .14 .13 .22

Silty clay .25 .23 .19

Clay 0.13-0.29

The values shown are estimated, averages of broad

ranges of specific-soil values. 'When a texture is
ne the borderline of two texture classes, use
the average of the two K values.

The evaluator must next consider the shape of the slope in terms of
length and mclination. The appropriate LS factor is obtained from Table 6.
A nonlinear slope may have to be evaluated as a series of segments, each with
un-1form gradient. Two or three segments should be sufficient for most engi-
neered landfills, provided the segments are selected so that they are also
of equal length (Table 6 can be used, with certain adjustments). Enter
Table 6 with the total slope length and read LS values corresponding to the
percent slope of each segment. For three segments, multiply the chart LS
values for the upper, middle, and lower segments by 0.58, 1.06., and 1.37,
respectively. The average of the three products is a good estimate of the
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are listed in Table B. These values are based on rather limited field data,
but P has a narrower range of possible values than the other five factors.

TABLE 8. VAL13ES OF FAC"TOR P 11

LUMI siope aweent)

?not= IJ-2 T 2-1-7 7.1-12 12.1-18 ILI-24

(Factor P)

Contouring (PC) 040 O-So OAO OAG 0.90

Contour strip cropping (PIC)
R-R-A&M' 0.30 0.2S 0.30 0.40 OAS
R-W-P&M 0.30 0.2S 0.30 OAO OAS
R-R-W-M OAS 0.33 0.43 0.60 OA8
R-W O-S2 OA4 CLS2 0.70 090
R-0 0.60 0.50 0.60 0.90 0.90

Contour hsting or ridge plantmg
(PCO 0.30 04S 0.30 0.40 OAS

Contour terracmg (Pt)2 3 "WIT 0-51%c OAW"- 0. a h/n- OqIVn'-

No support practwe 1.0 (2) 1.0 1.0 (E )

I R - Towcrop, W - falkeeded Stan 0 - sprzap-jecded grun. M - meadow. 11he cro are grow m rcration and so artanged on
the field that rowcrop strips art ahvays saparsted by a meadow or wmter-grasn strip.

2 Thew Pt vaiucs esumate the amount of scul croded to the terrace channels and are used for coaswatton phruang- For predwdon
of oMfield wdratent. the Pt vahm are raftpbed by 0.2. 9

3 n - number of approx=teiy equal4coo intervals wato whsch *e fidd s1q)a a dmded by *e unaces Map operations in=
be pataRcI to the tctraccs.

Rr le: An owner/operator proposes to close one sec-
tion of his small landfill with a sandy clay subsoil
cover having the surface configuration shown in Fig-
ure 21. The factor R has been established as 200 for
this locality.. The evaluator questions anticipated
erosion along the steep side and ass2gns the following
values to the other factors in the USIE after inspecting
Tables 5 through 8:

K = 0.14 LS = 8.3 C = 1.00 P = 0.90

The rate of erosion for the steep, slape of the landfill
iz calculated as follows:

A = 200 (0.14 tons/acre) (9.3) (1.00) (0-90)
as 209 tons/acre

This erosion n0t only exceeds a limit recommended by the
per=tt=g authority but also indicates a potential
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Attachment A3

1.0 INTRODUCTION

This attachment presents the data, analysis, and results of the aquifer testing program conducted by

Harding Lawson Associates (BLA) in the western portion of Section 25 at Rocky Mountain Arsenal

(RMA) The aquifer testing program was performed in support of Task 93-03 Feasibility Study Soils

Support Program as described in the Draft Final Work Plan for the Hydrogeologic and Geotechnical

Program (BLA, 1995a) The purpose of the aquifer testing program was to evaluate the hydraulic

properties such as hydraulic conductivity and transmissivity of the hydrostatic units in the western

portion of Section 25

The western portion of Section 25 has been selected as the proposed site of the hazardous waste

landfill that is part of the overall conceptual remedy for the Onpost Operable Unit at RMA (Program

Manager for Rocky Mountain Arsenal FMRMA], -1995) As discussed in the Landfill Site Feasibility

Report (BLA, 1995b), the hydrogeology of the proposed landfill site had not been studied in detail

To facilitate the designation of the landfill site, as well as the design of future groundwater

monitoring program proposed for the area, further characterization of the hydrostratigraphic units at

the proposed site was necessary

1.1 Geology and Hydrogeology of Section 25

A detailed discussion of the geologic setting of the proposed site was presented in the Landfill Site

Feasibility Report (FaA, 1995b) and is not included here for brevity In general, the site is

immediately underlain by the Quatei-nary surficial deposits commonly called the Quaternary

alluvium The alluvium is composed of primarily clay, silt, and fineý to medium-grained sand with

some coarse-gramed sand and gravel Underlying the alluvium is the Cretaceous-Tert:Lary Age Denver

Formation (Fm) The Denver Fm is composed primarily of claystone with interbedded siltstone,

sandstone, and lignite

21907 7050111 Harding Lawson Associates A3-1
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Attachment A3

Groundwater in the western portion of Section 25 occurs under both unconfined and confined

conditions The Quaternary alluvium and the uppermost weathered portion of the Denver Fm form a

generally continuous unconfined groundwater system This flow system is referred to as the

unconfined flow system (UFS) Confining strata inhibit groundwater interaction between the UFS

and the deeper, more permeable zones, such as sandstones, siltstones, and lignites in the Denver Fm,

causing confining conditions to wast The confined groundwater underlying the UFS is referred to as

the confined flow system (CFS)

1.2 Test Methods and Data Analysis

For the aquifer testing program in Section 25, aquifer tests were conducted in both the TJFS and CFS

flow systems In western portion of Section 25, the UFS occurs within the weathered Denver Fm and

the alluvium in the area is predominantly unsaturated The aquifer testing program, therefore, was

designed to evaluate the hydraulic properties of the two Denver Fm flow systems (UFS and CFS)

Because the hydraulic properties of each flow system are different, different approaches for the test

methods and data analysis were selected and implemented

Unconfined Flow System Aquffer Tests

The Denver Fm UFS tests consisted of smgle-well hydraulic tests (rising head slug tests) at five well

locations (25022, 25027, 25028, 25065, and 25066) The tests were conducted between November 20

and 22, 1995, and the well locations are illustrated in Figure A3 1

A slug test provides water-level response data following the rapid removal of a small. volume of

water The water-level response data can be used to estimate the hydraulic conductivity of the

aquifer Due to the small volume of water removed, a slug test has a much smaller area of influence

than an aquifer pumping test, and therefore provides an estimate of hydrauhc conductivity near the

well bore Slug tests from a number of wells in an area provide an indication of the hydraulic

conductivity variabihty across an area as the hthology of the aquifer changes This is especially

useftil in Section 25 where the TJFS occurs in a variety of lithology including Denver Fm claystone,

A3-2 Harding Lawson Associates 21907 705013
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Attachment A3

sandstone, and siltstone BLA chose to perform slug tests in a number of wells in the UFS rather

than an aquifer pumping test for the following reasons

Well development data in the proposed testing area indicated a relatively low hydraulic
conductivity and a thin saturated interval Both of these conditions would indicate that a
pumping test of the aquifer would be unsatisfactory because the wen would hkely dewater
before siginficant response could be measured in nearby wells

Estmates of hydrauhc conductivity at several well. locations within the weathered Denver Fin
were considered more useful than a single pumpmg test result because of the variabihty in
the hydraulic conductivity of the UFS throughout the area

The Denver Fin UFS slug tests were analyzed using the Hvorslev method and Bouwer and Mce

method Both of these methods represent standard procedures for slug test data analysis and are

described m ftixther detail in this attachment

Confined Row System Aquffer Irest

The Denver CFS test consisted of one 72-hour aquifer pumping test conducted at Well 25064

between November 13 and 20, 1995 The aquifer pumping test location, including observations wells

monitored during the aquifer pumpmg test, is shown in Figure A3 L An aquifer puMpMg test is a

standard method used to estimate the hydraulic properties of an aqinfer such as hydraulic

conductivity and transmissivity

The Denver Fin CFS aquifer test data were analyzed usmg three methods

Theis type-curve method

Cooper and Jacob semiloganthmic method

Theis recovery method

These three methods represent standard procedures for aquifer test analysis and are described in

further detail m the followmg sections
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2.0 SINGLE-WELL HYDRAULIC TFSTING

Single-well. hydraulic tests (nsing head slug tests) were performed at five momtonng wells located in

Section 25 at RMA (Figure A3 1) between November 20 and 22, 1995 The objective of the slug

testing was to provide site-specific hydraulic conductivity data from monitoring wells located near

the proposed landfill site The five monitoring wells identified for testing (25022, 25027, 25028,

25065, and 25066) are screened across the Denver Fm UFS Well 25022 is screened across the

contact of weathered sandstone and weathered claystone of the Denver Fm Well 25027 is screened

in the weathered sandstone of the Denver Fm Wells 25028, 25065, and 25066 are screened in the

weathered claystone of the Denver Fin

2.1 Equipment and Procedures

The equipment used during the slug testing vaned due to well diameter (4-inch-diameter or 2-mch-

diameter) and casing thickness (Schedule 40 or Schedule 80) Dunng the test, a slug of water was

removed from the well using a bailer Two different sizes of bailers were used for the tests a

I 65-mch-diameter stainless steel bailer, and a 1 80-mch-diameter stainless steel bailer For two of

the wells (25022 and 25066), a 4-foot-long bailer length was used and for three wells (25027, 25028,

and 25065), shorter bailer lengths (2 feet, 1 foot, and 3 feet, respectively) were used due to restrictive

bends in the %ell casings Water levels were measured during pretest monitoring and during the

test using a Solmst electronic water-level indicator

The field procedures used dunng slug testing were as follows

Bailers and measuring devices were decontaminated before each test

Upon arrival. at the well to be tested, the static water level was measured and recorded

The bailer was lowered to just below the top of the water column. in the well for
Wells 25066, 25027, 25028, and 25065 The water level within the well was then allowed to
reequihbrate until it recovered to static water level

For Well 25022 and a second test for Well 25065, the bailer was submerged and withdrawn
"instantaneously" and no equilibration time was necessary

21907 7050111 Harding Lawson Associates A3-5
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To begin the test, the bailer was "instantaneously" removed and the volume of water removed
was recorded

The time that the slug was pulled above the water column was recorded as the initial time
Tunes and water-level measurements were then recorded with the Solinst water-level
indicator at sufficient frequency to accurately mointor the recovery Measurements were
taken until the well had reequihbrated to static conditions or until a minimum of 60 minutes
had passed since the slug was removed

After completion of the test, the data was entered into spreadsheets for subsequent data
reduction

Water removed from the well and decontamination water was containerized and transported
to the North Boundary Treatment System (NBTS) for treatment

2.2 Data Analysis and Evaluation

The first step of slug test data analysis consisted of plotting the time and water-level data obtained

during slug testing in the form of a water-level hydrograph. for each test The purpose of the

hydrograph is to evaluate the consistency of the data and to confirm that static water-level conditions

existed prior to testing Hydrographs for each slug test (including the first and second tests of Well

25065) are presented in Figures A3 2 through A3 7

Hvorslev Method

A semilogarithinic plot was prepared for the nsmg-head (withdrawal) portion of each hydrograph

Values plotted are the log of drawdovvm (withdrawal) versus arithmetic elapsed time The semiloga-

rithinic withdrawal plot was then analyzed using a semiloganthmic analysis that is consistent with

the Bouwer (1989) "slope" method The slug test analysis was based on the following equation,

which describes the transient change in hydraulic drawdown after the slug is initated (Hvorslev,

1951)

T_ 2303CA log(SI/S2)7-r(t2 -ýtl

where

T = aquifer transmissivity (feet2/day)

C = dimensionless shape factor (related to the geometry of the well completion interval)

A = cross-sectional area of well at water surface (including sandpack. porosity for alluvial wells
that are sandpacked. above the water table) (feet)
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s = hydraulic drawdown (feet)

t = elapsed time (day)

In the previous equation, subscripts identify contemporaneous time-drawdown measurements

(i e, s, is the drawdownoccurringat time t,) Hvorslev (1951) defines the shape factor as follows

C = 117 L + 1 + L 2

D D

where

L length of test interval (feet)

D borehole diameter (feet)

The equation for transmissivity predicts that a semiloganthmic plot of arithmetic time versus log

drawdown should be a straight line If one considers a period of time over which the drawdown

changes by a factor of 10, the following equation results

T 2 303 C A
2,7 At,,

where

tý, = change in tune over one log cycle of drawdown (minutes)

The change in time over one log cycle of drawdown is interpreted from a senifloganthmic plot as

described by Bouwer (1989)

The semilogarithmic method is based on the assumption of quasi-steady-state flow near the borehole

(i e , a succession of steady-state flow conchtions) Fully transient solutions predict that quasi-steady-

state conditions tend to be achieved at late recovery times Thus, in applying the semiloganthmic

method to slug test data, preference is generally given to fitting the straight line to later-time data
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The average hydraulic conductivity computation for the test interval is as follows

K = T
V

where

K = average hydraulic conductivity (feet/day)

B = test interval thickness (saturated thickness) (feet)

K (cm/s) = K (ft/day) x 3 53 x 10'

Bouwer and Rice Method

The Bouwer and Rice method uses the following equation

K= (r.2 (lnaVR))/2L.)*(I/t)ln(s/s.)

where

K = hydraulic conductivity (feet/day)

r. = the radius of the well casing

R = the radius of the gravel envelope

1;ý = the effective radial distance over which head is dissipated (feet)

4 = the length of screen or open section of the well through which water can enter

s. = the drawdown at time t=0 (feet)

St = the drawdown at time t=t (feet)

t = the time since s,,=s

To calculate the ratio of the effectve radial distance (Re) to the radius of the gravel envelope (R),

Bouwer and Rice (1976) provide the following equation

ln(RA)=[(l 1/ln(L./R))+(C/U-,./R))]-'

where

C = a shape factor obtained from Bouwer, 1989

L,, = the length from the water table to the bottom of the sandpack
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The drawdown is plotted versus fame on semiloganthmic: paper and the slope of the line through that

data is calculated The value of (1/t)ln(sjsj may be obtained from two points picked on that straight

line At one point, t=t, and s=s,, and at the second point, t=t2, and S=S2 (Fetter, 1988) Under these

conditions (1/t)ln(sjsj=(l/(t2-t,)In(SI/S2) hydraulic conductivity can then be calculated using the

equation listed above

2.3 Single-well Hydraulic Test Results

The results of the slug testing are summarized in Table A3 1, the results presented graphically in

Figures A3 8 through A3 13, and the calculation sheets are included as Tables A3 2, A3 3, and A3 4

For each of the five wells (25022, 25027, 25028, 25065, and 25066), calculations of hydraulic

conductivity were performed using the Hvorslev method and the Bouwer and Mce method The

results of the two data sets were then compared to verify the accuracy of the analysis For each of

the five wells, the two methods yield similar hydraulic conductivity values Based on the slug test

results for the wells located in Section 25, the three wells in the weathered sandy claystone of the

unconfined Denver Fin (Wells 25028, 25065, and 25066) yielded a hydraulic conductivity that ranged

from 3 3 x 10-6 centimeters per second to 19 x 10-5 cm/s (9 4 x 10' feet per day (ft/day) to 5 4 x

102 ft/day)

Based on the slug tests, the estimated transmissivity of the weathered claystone present at

Wells 25028, 25065, and 25066 ranged from 0 11 ft2/day to 0 68 ft2/day with a geometric mean of

0 30 ft/day The estimated transm sivity of the Denver Fin sandstone at Well 25027 ranges between

24 to 29 ft2/day with a geometric mean of 27 W/day The estimated transmissivity of the Denver Fm

sandstone at Well 25022 ranged from 7 2 ft2/day to 8 8 ft2/day with a geometric mean of 8 0 ft2/day

For Well 25065, the two tests were run due to mechanical difficulty during the first test The two

tests yielded similar results The value from the first test was not ased in the final analysis of the

geometric mean of the data set because the first few minutes of data were not properly recorded

(Fig-ure A3 11)
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For Well 25027, which is in the Denver Fm weathered sandstone, the geometric mean hydraulic

conductivity was calculated to be 171 x 10' cm/s (4 9 ft/day) This value may reflect some

contribution from the sandpack because a smaller volume of water was removed than originally

desired due to the thin saturated zone For Well 25022, the hydraulic conductivity was calculated to

be 4 0 x 10-4 cm/s (112 ft/day) This, too, may reflect some influence of the sandpack because a

smaller diameter bailer was required to pass a blockage at ground surface in the well
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3..0 AQUIFER PUMPING TEST

An aquifer pumping test of the Denver Fin CFS was conducted between November 13 and 20, 1995

The well array at the test site consisted of a pumping well (25064), two observation wells (25009 and

25 063) completed in the same flow system, one well (25 008) completed in the overlying UFS, and

one well (25010) completed in the underlying Denver Fm CFS The locations of these wells are

shown in Figure A3 1 Eight additional wells, four completed in the UFS and four completed in the

Denver CFS, were monitored for background water-level trends as part of the test The locations of

these background wells relative to the test site are also shown in Figure A3 1 Water levels were also

measured (twice before and once after the p=pmg test) in the 13 previously mentioned wells

(background well network and test site wells) and in 25 additional wells (secondary background well

network) The secondary bqckground well network is also shown Ln Figure A3 I The sequence of

aquifer testing activities is summarized in Table A3 5

3.1 Equipment and Methods

Pretest water-level monitoring was conducted using an electronic -water-level. indicator Water levels

at the site and in the surrounding well network were measured and recorded from October 30, -1995,

until the aquifer pumping test began on November 13, 1995 The wells at the site were also

monitored with electronic transducers begmmng on November 12, 1995

Pumping was accomplished using a 2-mch-chameter Bennett' pump operating on a compressed air

supply The pump supplied sufficient pressure at ground surface to allow the water to flow up into a

300-gallon tank used for temporary water storage A lattle Giant"' submersible pump was used to

transfer the water into a track-mounted 1,800-gallon tank for transport to the onsite treatment facility

at the North Boundary of RMA

Flow rates were measured during the pumping test using an in-line variable area flowmeter, and

manually using a calibrated 5-gaEon bucket and a stopwatch Flow rate was controlled using both a
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needle valve connected to the discharge line and the air pressure regulators connected to the

Bennett' pump and compressed air bottles

Water levels were measured in the pumping and observation wells using electronic pressure

transducers interfaced to a multple-channel datalogger with internal memory for data acquisition and

manually with an electronic water-level indicator The datalogger provided real-time digital readouts

of water levels in the monitoring wells and the pumping well so that field personnel could monitor

the operation and progress of the aquifer pumping test

3.2 Data Evaluation

To verify that the aquifer test measurements were recorded correctly and to make any necessary

corrections for external influences such as barometric pressure and/or water-table elevation changes

the following methods were used to evaluate the aquifer test data

Hydrograph Evaluation

Compare manual measurements to electronic measurements to verdy the electronic
data

Review water-level hydrographs for test site wells and background monitoring wells
for regional (background) water-level changes over time

Compare water-level data to barometric data to correct for barometric influences

Flow Rate Evaluation

Compare manual measurements to electronic flow measurements recorded from the
Bennett' pump flowmeter to verify the flowmeter readings

Review the variability in flow rates recorded during the aquifer test period

Hydrograph Evaluaffon

Hydrographs (including both transducer measurements and hand measurements where appropriate)

of the pumping well, observation piezometers, and background wells are presented in Figures A3 14

through A3 31 Where appropriate, hydrographs for both transducer reading and hand measurements

were plotted Also, on each hydrograph, the measurements are illustrated as raw and corrected for
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barometric pressure changes The procedure for correcting for barometric effects is described in the

following section

Observation well hydrographs indicate that water levels at the site were relatively stable for one day

before the pumping test Because hydrographs for the background wells show no regional trend,

background trend corrections were not applied to drawdown. data before analysis

Barometric Pressure Corrections

Barometric corrections were made on water-level data obtained from aquifer test monitoring wells

Figure A3 32 illustrates the barometric pressure changes over the aquifer test time period The

following equation was added to or subtracted from the raw pressure head to correct for barometric

effects

COR Dm (Bo - Ba) I BE
12 Dw 100

where

COR = barometric correction value (feet)

Dm = density of mercury (13 55 grams per cubic centimeter [g/cmý])

Dw = density of water (10 g1cm3)

Bo = standard barometric pressure used as a datum (inches of mercury)

Ba = barometric pressure at the time of measurement (inches of mercury)

BE = barometric efficiency (percent)

In the equation, the term in brackets is a standard correction for a nonvented transducer that

provides a true gauge pressure reading Barometric efficiency (BE) is related to the formation

response caused by barometric pressure variations (McWhorter and Sunada, 1977)

In general, values for BE were estimated through a calibration procedure The barometric efficiency

was estimated at 80 percent through calibration and barometric induced water-level fluctuations, were
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dampened out The BE for two wells (25008 and 25010) was estimated at 20 percent because the

hydrographs displayed very httle effect from barometric influence

Flow Rate Corrections

Corrections associated with variations in flow rate were not applied to test data because, where

feasible, test logistics were modified to reduce the significance of these effects For example, for flus

pumping test, a high priority was placed on holding the discharge flow rate as uniform as possible

This was accomplished using an in-hne flowmeter, corroborative flow rate measurements using the

calibrated 5-gallon bucket and stopwatch method, and a control valve that could be used to adjust

the flow rate as required Diligent flow rate monitoring and control eliminated the need for flow rate

corrections and therefore, significantly reduced the uncertainty of subsequent test analyses

Figure A3 3 3 Mustrates the flow rate measurements throughout the test

3.3 Data Analysis Methods and Assumptions

The conceptual model used to analyze results at the pumping site assumes that the CFS can be

conceptuahzed as an ideal confined aquifer with no leakage from underlymg or overlying aquitards

Water-level data obtained from the pumping and recovery periods were analyzed usmg the following

three methods

0 Theis type-curve method

Coopez and Jacob semiloganthmic method

Theis recovery method

These methods are described in the literature and represent standard procedures for aquifer test

analysis AR three methods were used to compute transmissivity and average hydraulic conductivity

of the aquifer In addition, the first two methods provided a means for estimating the aquifer storage

coefficient These methods of analysis were used to provide semi-independent estimates of aquifer

characteristics at the test site The Theis type-curve method relies heavily on early-time pumping

data, and the Jacob method gives preference to mid- to late-time pumping data The Theis recovery
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method is based on analysis of well recovery after termination of pumping The analysis for each

method is described below

The analytical solutions presented iii this section are based on the p=pmg test response of an ideal

aquifer, wlnch is illustrated in Figure A3 34 These methods rely on a number of simplifying

assumptions The degree to which computed aquifer parameters represent actual conditions depends

on the extent to which the simplifying assumptions are met Assumptions that form the basis of the

Theis type-curve method, Theis recovery method, and the Cooper and Jacob senuloganthmic method

are as follows

I The aquifer is uniform m hy drauhc properties and the hydraulic conductivity is
nondirectional (i e, aquifer properties are homogeneous-isotropic)

2 The formation is uniform in thickness and "seemingly" infinite in areal extent

3 The aquifer receives no recharge and contains no internal sources or sinks (with exception of
the pumping well)

4 The pumping well penetrates and receives water from the full tlnckness of the water-bearing
formation

5 The water removed from storage is discharged instantaneously when the head is lowered

6 All water removed from the well is derived from aquifer storage

These assumptions are rarely met m field tests due to the natural heterogeneities of a formation

However, slight deviations from the above assumptions do not prohibit successful application of

Theis and similar methods In some, cases, it can be shown that certain violations of the governmg

assumptions still allow a portion of the test data to be analyzed usimg ideal aquifer solutions For

example, the assumption of an aquifer of seemingly infinite areal extent is frequently violated

because of the presence of unpermeable and/or recharge boundaries However, in the presence of

such boundaries, it is usually possible to analyze early-time data using an ideal aquifer solution
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Theis Type-Curve Method

The Theis type-curve method analysis is performed by plotting field data (corrected drawdown versus

time) on log-log paper having the same scale as the Theis type-curve This data plot is placed over

the type-curve and, while keeping the coordinate axes of both plots parallel, the data plot is

translated horizontally and vertically until a best fit with the type-curve is attained (see

Figure A3 35) An arbitrary match point is selected, and W(u)* and (:L/u)* are read from the type-

curve and s* and t* are read from the data plot The transmissivity is then calculated using the

following equation

T Q W(u)*
4YT s*

where

T = aquifer transmissivity

Q = pumpmg flow rate

W(u)* = match point value on type-curve

S* = match point value for drawdown on data plot

The storage coefficient is calculated as follows

S - 4T t*

r2 (I/U*

where

S = storage coefficient

t* = match point value for time on data plot

r = radial distance from pumping well to observation well

U* = match point value on type-curve

Aquifer parameters are assessed from data obtained at observation wells The Theis method cannot

be used to analyze pumping well data
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Cooper and Jacob (1946) Senvik9arithmic Method

The Cooper and Jacob (1946) semiloganthmic method involves analyzing the pumping data from

both the observation wells and the pumping well, although data obtained from the pumping well is

usually subject to greater uncertainty In using the method, a plot of drawdown(s) versus the

logarithm of time (t) is prepared as shown in Figure A3 36 A 'best-fLV' straight line is drawn through

the data, and transmissivity is calculated as follows

T= 2303Q
4,v As

where

T = aquifer transmissivity

Q = pumping flow rate

As = change in drawdown per log cycle of time (determined frOn:L the slope of the semi-
logarithmic straight line)

From observation well data, the aquifer storage coefficient is computed by

I - 224Tt.S-
r2

where

S storage coefficient

t. intercept of semilogarithinic straight line with time a)as (s = 0)

r radial distance from pumping well to observation well

The storage coefficient is estimated from data obtained at observation wells and cannot be reliably

computed from pumping well data

Traditionally, the Cooper and Jacob analysis has been considered ap plicable for data where u is less

than 0 01 in the following equation
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U 
Sr2

4Tt

However, for practical considerations, it is only necessary for u to be less than 0 1

Theis Recovery Method

The Theis recovery method involves analysis of residual drawdown data obtained from both

observation wells and the pumping well A semilogarithmic: plot of residual drawdown (s') versus

the log of (t/t') is prepared where

t time since initiation of pumping

t' tune since initiation of recovery

A "best-fit" straight line is drawn through the plotted points giving preference to intermediate- and

later-time data (see Figure A3 37) Aquifer transmissivityis calculated using the following equation

T= 2303Q
4Y7 As'

where

T = aquifer transmissivity

Q = flow rate during pumping

As' = change in drawdown per log cycle of (t/t'), based on the slope of semiloganthmic straight
line

The aquifer storage coefficient cannot be computed using the Theis recovery method

3.4 Results of the Aquffer Pumping Test

Field Results

A 72-hour pumping test of the Denver Fm CFS was conducted at the test site between November 13

and November 16, 1995 The average pumping rate during the pumping test was 18 gallons per
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minute (gpm) and ranged from 16 to 2 0 gpm A graph of flow rate versus time is presented in

Figure A3 33

At the end of the 72-hour p=pmg period, the pumping well (25064) exhibited 5 70 feet of

drawdown (14 2 percent of the 40 feet of available drawdown) The closest observation well (25009),

which was located a radial distance of 24 4 feet from the p=pmg well, exInbited 172 feet of

drawdown Well 25063, located a radial distance of 29 0 feet from the pumping well, exhibited

151 feet of drawdown Wells 25008 (completed in the UFS) and 25010 (completed in the deeper

CFS), located at radial distances of 10 8 and 19 68 feet, respectively, from the pumping well,

exhibited no discernible response due to pumping

Following the pumping portion of the test, water-level recovery was monitored for 96 hours Post-

test recovery momtonngvnth the transducers was concluded on November 20, 1995 Atthattime,

the residual drawdown in the pumpmg well after correction for barometric pressure influence was

Oý2foot Residual drawdowns in nearby observation wells (25009 and 25063) after correction for

barometric pressure influences were 0 26 foot and 0 19 foot, respeclavely

Theis Type-Curve Resuffs

The Theis type-curve method is presented graphically by well in Figures A3 38 and A3 39

Transmissivity, hydraulic conductivity, and storage coefficient results obtained using this method are

very consistent between wells The Theis curve plot for Well 25009 (Figure A3 38) shows a standard

Theis curve with an inflection point at approximately t = 2,000 seLonds (33 minutes) After this

point, the drawdown continues to mcrease with time Both the early time portion of the curve can

be fitted to the Theis type-curve and the later-time portion of the curve can be fitted to the Theis

type-curve Although there are many possible causes for a response curve of this shape, BLA

believes the likely cause may be a small overdeveloped zone immediately surrounding the pumping

well or due to localized aquifer heterogeneity near the test site The same curve shape is shown in

the Theis curve plot for Well 25063 During analysis, a greatest significance was placed on the later-
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time data The values presented for the Theis analysis are based on a Theis curve fitted to the later-

time data

Cooper-Jacob Results

Results from Cooper and Jacob's semiloganthmic method were consistent between wells and

compared favorably with results of the two types of Theis analyses Graphs used for the Cooper and

Jacob sernflogarithmic analysis are presented in Figures A3 40 and A3 41 Results obtained from

both observation Wells 25009 and 25063 met the u :5 0 1 criterion for application of the Cooper and

Jacob semilogarithmic analysis and are therefore considered valid

Theis Recovery Results

The Theis recovery method yielded consistent values of transmissivity and hydraulic conductivity

between wells Graphs used for the Theis recovery analysis are presented in Figures A3 42 through

A3 44
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4.0 AQUIFER TESTING PROGRAM SUMMARY AND CONCLUSIONS

The results of the slug tests are presented in Table A3 1 The results of the slug tests indicate that

the transmissivity and hydraulic conductivity of the Denver Fin claystone units are approximately

two orders of magnitude lower than those measured in the Denver Fin sandstone units For example,

the mean hydraulic conductivity for the claystone units is 6 8 x 10'cm/s whereas within the

sandstone units the mean hydraulic conductivity is 9 1 x 10'4 cm/s

The results of the aquifer pumping test are presented in Table A3.6 The hydraulic conductivity of

the confined Denver Fin sandstone is estimated at 7 61 x 10'4 cm/s The transmissivity and

storativity were estimated at 75 5 square feet per day and 6 47 x 10, respectively It should be noted

that throughout the p=pmg test, no measurable response was noted in the observation wells

completed within the overlying and underlying aquifers (25008 and 25010) This indicates that the

confining units separating the aquifers do inhibit groundwater flow between the aquifers

In conclusion, five slug tests in the UFS and one aquifer pumping test in the CFS were completedin

the western portion of Section 25 The test results confirrn that the Denver Fin weathered claystone

units have significantly lower hydraulic conductivities than the Denver Fm weathered sandstone

units The test results provide specific information on the hydraulic conductivity and transmissivity

of the hydrostratigraphic units within the proposed landfill area that can be used in future

hydrogeologic investigations including the proposed groundwater monitoring program for the

proposed landfill area
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Table A3.1: Summary of Results of Single Well Hydraulic Test Analyses

Ilvorsiev Bonwer and Rice Geometric Mean

Hydraulic Hydraulic Hydraulic
well Transmissivity Conductivity Transmissivity Conductivity Transmissivity Conductivity

Number (W/day) (cm/8) (WIday) (cm/8) (Felday) (C-/5) Twi Interval Description

25022 88 4 3 x 10-' 7 2 3 6 x 104 80 4 0 x 10-4 Unconfined Flow System, Denver Fin, sandstone
25027 29 1 qx 10-* 24 16 x 10-3 27 17 x 10-3 Unconfinad Flow System, Denver Fin, sandstone
25028 027 5 5 x 10-' 021 4 4 x 10 024 4 9 x 10-' Unconfined Flow System, Denver Fin, claystone
25065 079 2 2 x 10-' 059 17 x 10 068 19 x 10 Unconfined Flow System, Denver Fin, claystone
25006 013 3 8x 10'a 010 2 8 x 10-' Oil 3 3 x 10'6 Unconfined Flow System, Denver Fin, claystone

cm/s Centimeters per second
Fm Formation
fi. rest
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Table A3.2

RISING HEAD SLUG TEST CALCULATION SHEET
HVORSLEV ANALYSIS

Drawdown calculations

Log Drawdown Drawdown
Well Drawdown Time at ti Time at t2 sl at tl s2 at t2 Calculated dt

Number Line (minutes) (minutes) I (feet) (feet) Log_sl _I _LoVs2 _1 (minutes)
250221 A-N 275 628 019 011 -0721 -0959 1487
25027 A-A` 053 1 08 019 014 -0721 -0854 415
25028 A-A' 635 206 072 062 -0143 -0208 21943
25028 B-B' 323 50 058 054 -0237 -0268 57034
25065 A-A' 55 717 233 208 0367 0318 338791
25066 A-A' 25 501 0681 0661 -0167 -0180 19282711
250661 B-B' 1239 21951 0621 0581 -0208 -0237 330068

25065(2)1 A-K 14 6] 4851 0851 0651 -0071 -0187 29097

Depth to Depth to
Log Well Borehole Equivalent Ground bottom Borehole Shape Trans- Hydraulic Hydraulic

Well Drawdown dt Diameter Diameter Free Water Water Sandpack Test Length Diameter factor missivity Conductivity Conductivity
Number Line (min) (Inches) (Inches) Area (ft2) (ft bgs) (ft bgs) Interval (ft) (feet) C (ftA2td) (ft/day) (cm/s)

25022 A-A! 1487 2 6 00742 4789 55 711 050 335 8 8 1240 4 4E-04
25027 A-A! 4 15 2 6 00742 4361 49 549 050 309 29 5316 1 9E-03
25028 A-N 21943 2 5625 00670 4378 62 1700 047 428 069 0041 1412-05
25028 B-B' 57034 2 5625 00670 4378 62 17 00 047 428 027 0016 5 5E-06
25D65 A-A! 33879 2 8 01200 4192 585 1250 067 363 068 0054 1912-05
25066 A-A! 1928272 4 10625 02451. 4211 58 12 GO 0 89 330 0 22 0019 6 5E-06
250661 B-B' 330068 4 10625 0 2458_ 58 12 00 089 330 013 0011 3 8E-06

I I I ý?-l 1 1 363125065(2)1 A-N 29097 2 8 01200 41891 5851 1250 n 079 0063 2 2E-05



Table AM
RISIII HEAD SLUG TEST CALCULATION SHEET
BOUWER AND RICE ANALYSIS

slope Calculations

Log of
Initial

Log Slug Test Elapsed Elapsed Draw- Draw- Slope m = Drawdown
Well Drawdown Hvorslev Start Time Time at tl Time at Timetl- Time 1:240 down sl at down Q at s2-sl/t2- log(sl)- Calculated sO

Number Line dt (min) 1 1:0 (min) I (min) 1:2 (min) tO (sec) (sec) tl (feet) Q (feet) Log sl I Log s2l tl mxl at to
25022 A-N 14872 0 275 628 165 3768 019 Oil -072 -096 -007 -054 029
25027 A-N 4147 0 053 108 318 648 019 014 -072 -085 -024 -069 0 T6
25028 A-N 219431 0 635 206 381 1236 072 062 -014 -021 000 -011 077
215028 B-B' 670338 0 323 60 1938 3000 058 0 5A -024 -027 000 =0 18 0
25065 A-N 338793 0 55 71 1 3300 4266 233 208 037 032 000 054 343
26 66 A-A- 1928272 0 251 50 1500 30001 0681 0 66 [---017 F---01 81 000 -015 070
25066 B-B' 3300684 01 12391 2195 74341 131701 0621 0 581 000 -017 0

126065(2) A-NJ 2909731 01 1461 4851 8761 29101 0851 0651 -0071 -0191 000 -002 095

Equivalent
Free

Test Diameter Ln(Re/Rw) Calculated Drawd Water
Interval of Well Radius of C from from Drawdown Elapsed own at Surface Transmissi Hydraulic

Well Log Draw- Hvorslev Length Casing Borehole B&R 1989, Equation 6 at Time tO Time t2- Time t2 Radius Rc vity Conductivity
Numberj aown Line at (min) (feet) (incnes) 1 tfeei) Le/Rw fig 2 B&R 1989 m (feex) x0 (sec) m (feet) I I (ftA2iaay) (cnvsec)

25022 A-A' 0 7 11 2 0250 28440 1 2749 0 0 Oil 0153659 724 3 59E-04
25027 A-N 0 649 2 0250 21960 0 7 2578 0 0 0 14 0153659 24 33 1 56E-03
25028 A-N 0 17 2 0234 72533 2 8 3386 0 0 062 0146084 055 1 13E-09
25028 B-B' 0 17 2 0234 72533 2 8 3386 0 0 054 0146084 0 21 4 E-06
25065 A-N 0 125 2 0333 37500 2 4 2 721 0 0 208 0195434 053 1 49E-05
25066 A-A` 01 12 41 04431 27106 21 24661 01 01 0 661 02797171 0171 4 8612-06
25066 B-B' 0 12 4 04431 27106 21 2456 0 01 0581 0279717 010 2 84E-06

25065(2)1 A-N1 01 12 51ýý 21 03331 375001 2 41 27211 01 01 0651 01954341 0591 1 67E-05



Table A3.4

RISING HEAD SLUG TEST COMPARISON OF ANALYTICAL METHODS

Log Bouwer & Hvorslev Geometric Bouwer & Bouwer & Geometric Geometric
Well Drawdown Rice T T (ftA 2/da Mean T Rice K Rice K Hvorslev Hvorslev MeanK Mean K

Number Line (ftA2/day) y) _ (ftA2/day) (ft/day) (ft/day) K (cm/s) K (ft/day) _ (cm/s) (ft/day) Comments
unconfined flow system,

25022 A-A' 7236 8817 7 987 3 59E-04 1 018 4 38E-04 1240 3 96E-04 1. 12 Denver Fm sandstone
unconfined flow system,

25027 A-A' 24.330 29184 26 647 1 56E-03 4 432 1 88E-03 5316 1.71 E-03 4 86 Denver Fm sandstone
unconfined flow 5-y-ffe--m,

250281 A-A' 0546 0691 0 6141 1 13E-05 0 032 1 43E-05 00411 1 27E-05 0 04 Denver Fm claystone
unconfined flow system,

25028 13-13' 0210 0266 0 236 4 36E-06 0 012 5 52E-06 0016 4 9012-06 0 01 Denver Fm claystone
uncontinecl flow system,

250,65 A-A' 0528 0678 0 598 1 49E-05 0 042 1 91 E-05 0054 1 69E-05 0 05 Denver Fm claystone
unconfined flow system,

25066 A-A' 0165 0222 0 19214 86E-06 0.014 6 53E-06 00191 5.63E-06 0 02 Denver Fm claystone
unconfined flow sysTe-m,

25066 B-13' 0097 0.130 0.112 2.84E-06 0.008 3 82E-06 0011 3 29E-06 0 01 Denver Fm claystone
unconfined flow system,

25065(2)1 A-A-1 05921 0789 0 684 1 67E-051 0 04712 2312-051 0063 1 93E-051 0 05 1 Denver Fm clayst

T = Transmissivity
K = Hydraulic conductivity
ft = feet
cm = centimeters
s= seconds



Table A3.6: Sequence of Aquifer Testing Acthrltles

Date Activities

10/30/95 Begin pretest monitoring, first round of water-level measurements
11/07/95 Second round of water-level. measurements
11/12/95 Begin monitoring aquifer pumping and observation wells with transducers
11/13/95 Begin aquifer pumpmg test at 12 10 p in
11116/95 End aquifer pumping test at 12 10 p m., begin recovery monitoring
11/20/95 End recovery monitoring of aquifer pumpmg test wells, begin slug tests
11/21/95 Continue slug tests
11/22/95 Complete slug tests, post-test round of water-level measurements

21907 705012 1 Harding Lawson As"clates
0104010896 APA-AtA3



Table A3.6: Summary of Results of Aquifer Pumping Test Analyzes

Hydraulic Hydraulic
Transmissivity Conductivity Conductivity Storativity

Well Number (fe/day) (ft/day) (cm/s) (umtless)

Summary of Theis Type-Curve Method Results
25009 768 219 7 74 x 10-4 6 27 x 10 3
25063 79.0 226 7 96 x 10' 652 X 103

Summary of Cooper-Jacob SemilogaritImixc Method Results
25009 73.3 209 7 39 x 10-4 7 26 x 10 3
25063 792 226 7 98 x 10*4 5 89 x 10-3

Summary of Theis Recovery Method Results
25009 816 233 8 23 x 10-4 NA
25063 663 189 6 69 x 10-4 NA
25064 707 202 7 13 x 10' NA

Geometric mean 755 216 7 61 x 10-4 6 47 x 10-3

cm/s Centimeters per second
ft Feet

21907 705012 1 Harding Lawson Associates
0107010796 APA-AtA3
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Figure A3.2
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Figure A-9.3'
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Figure AM
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Figure A3.5
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Figure AM
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Figure AS.?
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Figure A3.8

DRAWDOWN VERSUS TIME
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Figure A3.9

DRAWDOWN VERSUS TIME
RISING HEAD SLUG TEST

Well 25027

01

001 -0 5 10 15 20 25 30 35

0 53 ýa9.-_ Time (minutes)

/.09 hy 4" -/a, 4a

o.11 4ýf A /,of - 0. 5.3
/Y Pt ky 19 -lay'

A jj-:46 05, AA*_5



Figure A3.10

DRAWDOWN VERSUS TIME
RISING HEAD SLUG TEST
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Figure A3.ii
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Figure A3.12
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Figure A3.13

DRAWDOWN VERSUS TIME
RISING HEAD SLUG TEST

10- Well 25066

took-"-

0 1 +-4

0 200 400 600 80,0 1000 1200 1400 1600 18DO 2000

Itz Time (minutes) 1640 fiLiz/23 9 MI-1JtZz So ;t p 19 57 -in7ý 1.7.5-
4, ý 0 d9 -PF

A*io z Z 9. Z7PI/At4lbS 0. de



Figure A3.14
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Figure A3.15
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Figure A3.16
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Figure A3.17
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Figure ASAS
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Figure AS-19
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Figure A3.20
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Figure A3.2*
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Figure A3.22
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Figure A3.23

WATER-LEVEL HYDROGRAPH
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Figure A3.24
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Figure A3.25
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Figure A3.26
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FIgure A3.27
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Figure A3.28
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Figure A3.29 -
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FIgure A3.30
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FIgure A3.31
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Figure A3.32'

BAROMETRIC PRESSURE
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PHYSICAL MODEL FOR IDEAL AQUIFER

WON a

Plezometnc Surface

Cly

b Aquifer

T - Transmissivity

S = Storativity

b = Saturated thIckness

0 = Discharge



Figure A3.35

THEIS TYPE-CURVE ANALYSIS METHOD
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Figure A3.36

COOPER - JACOB SEMILOGARITHMIC ANALYSIS
METHOD
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Figure A3.37

THEIS RECOVERY ANALYSIS METHOD
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FIgure A3.38

THEIS TYPE CURVE ANALYSIS
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FIgure A3.39
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Figure A3.40

COOPER - JACOB SEMILOGARITHMIC ANALYSIS
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Figure A3.41

COOPER - JACOB SEMILOGARITHMIC ANALYSIS
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FIgure A3.42

THEIS RECOVERY ANALYSIS
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Figure A3.43

THEIS RECOVERY ANALYSIS
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rigure A3.44
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AppendbcS

1.0 INTRODUCTION

This Design Narrative has been prepared as an appendix to the Corrective Acton Management Unit

(CAMU) Designation Document (CDD) in support of the designation of a CAMU as part of the remedy for

cleanup of the Rocky Mountain Arsenal (RMA), located in Adams County, Colorado The CAMU will be

designated by the Colorado Department of Public Health and Environment (CDPHE) in accordance with

Section 264 552(a) of 6 Code of Colorado Regulations (CCR) 1007-3 under the authority granted to

GDPHE by the Colorado Hazardous Waste Management Act (CHWIVIA) The designation will be part of a

corrective action order issued under the authority of 25-15-308 C R S The CDD and its appendixes are

being submitted to the CDPHE in C03aformance with Section 264 552(d) of 6 CCR 1007-3 TheCDDhas

been prepared by Harding Lawson Associates (BLA) as a contract deliverable under Delivery Order 0007

(Task 93-03, Feasibility Study Soil Support Program) of Contract DAAA05-92-D0003 between HIA and

the U S Department of the Army (Army) This document has been prepared at the direction of the Army

for the sole use of the Army, the signatones of the Federal Facihte,, Agreement (FFA) of RMA, the State

of Colorado (State), Adams County, and Tri-County Health Department, the only intended beneficiaries of

this work. This document has been prepared for designation of a CAMU at RMA and should not be used

for any other purpose

1.1 Background

In June 1995, an Agreement for a Conceptual Remedy (the Conceptual Remedy) for the Cleanup of RMA

among the State, U S Environmental Protection Agency (EPA), the Army, Shell, and the U.S Fish and

Wildlife Service (FWS) was signed The Conceptual Remedy represents agreement by the parties relative

to specific components of the remedy for the final cleanup of RMA These components of the remedy

are included in the (1) Proposed Plan for the RMA Onpost Operable Unit and (2) Final Detailed Analysis

of Alternatives Report (D-AA) (Foster Wheeler, 1995) The Conceptual Remedy, the Proposed Plan for the

Onpost Operable Unit, and the DAA are documents prepared under various authorities of the Compre-

hensive Environmental Response, Compensation, and Liability Act (CERCLA) The Conceptual Remedy

calls for the construction and operation of a new onsite hazardous waste landfill for disposal of principal
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threat and human health exceedance soil and debris as those categories of contamination are

defined in the DAA

In the On-Post Operable Unit Detailed Analysis of Alternatives Dispute Resolution Agreement

dated October 16, 1995, it was agreed that the future hazardous waste landfill area, the Basin F

Waste Pile drying Unit, and the appropriate waste staging and/or management area(s) will be

included within a CAMU. The CAMU will be designated in accordance with the provisions of

Section 264.552 of the 6 Code of Colorado Regulations (CCR) 1007-3.

The area of the CAMU intended for the state-of-the-art hazardous waste Landfill is located in

portions of Section 25 and 26 between Former Basin F and North Plants (See Figure 131).

Double-lined cells within the landfill will receive principal threat and human health exceedance

materials, as defined in the DAA, from 17 contarninated areas of RMA. In addition. drum

wastes generated as a result of RI/FS activities may also be disposed Jn the landfill. A triple-

lined cell will be constructed to receive principal threat and human health exceedance soils

from the Basin F Waste Pile and Former Basin F, human health exceedance soils from Sand

Creek Lateral, and other compatible remedy related wastes identified in the RMA

Remediation Waste Management Plan and the Compliance Order on Consent and

amendments thereto. The total volume of waste to be placed in the landfill is estimated to be

1,855,000 cubic yards, of which approximately 655,000 cubic yards are to be placed in the triple-

lined cells. It is estimated that the total volume of the landfill including daily cover will exceed 2

million cubic yards

In addition to the landfill and the Basin F Waste Pile drying Unit, the CAMU will include waste

staging/consolidation areas and decontamination facilities, The waste staging/consolidation

areas may include areas within the CAMU that will be used for the temporary storage,

consolidation, and processing of wastes after excavation from various source areas and prior to

placement within the landfill. Processing waste may consist of the bulking and/or sizing of the

waste as necessary to enhance landfill operations. The staging/consolidation areas may be

located near the Basin F Waste Pile excavation, near the area of the Basin F drying Unit, or near

the landfill. The drying Unit will be located on or near the Basin F Waste Pile. At least one

decontamination facility will be located near the landfill,
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and another may be located near the Basin F Waste Pile The landfill area will be located within the

western half of Section 25 and the ea stem half of Section 26 A leachate storage/offloading area maybe

included in the vicinity of the landfill area.

Working sessions were conducted prior to and throughout the preparation of this document Working

session participants included the Army, Shell, Colorado Departmeni of Public Health and Environment

(CDPHE), FWS, EPA, Adams County, Th-County Health Department, and the U S Corps of Engineers

(COE) During these working sessions, proposed design criteria and landfill liner system components, as

well as the level of detail to be included in the CDD, were presented and discussed To the extent

applicable, this document incorporates the results of the working sessions and the Arm- s te ca

position on the CAMU design-related issues

1.2 Purpose and Scope

This document has been prepared as an appendix to the CDD The CDD will be submitted to CDPHE to

respond to the design components of 6CCR 1007-3 Section 264 552(e)(2)

Section 264 552 (a)(3) of 6 CCR 1007-3 specifies that when the remediation waste placed into a CAMU is

classified as hazardous and is to remain in place after closure, the CAMTJ shall comply with the

requirements for siting of hazardous waste disposal sites found in 6 CCR 1007-2, Part 2 (Part 2)

Section 2 4 and 2 5 of Part 2 address design performance criteria and requirements for design of a

hazardous waste landfill

The primary performance goal, stated within Sections 2 4 and 2.5 of Part 2, is that the landfill is

designed and built to assure long-term protection of human health and the environment. Section 2 5 3 of

Part 2 requires that the design performance of engmeeredbamers withm. a hazardous waste landfill,

combined with the geological and hydrological conditions of the landfill area, shall be such that

reasonable assurance is provided that the hazardous waste will be isolated for 1,000 years within the

disposal area and away from natural environmental pathways that could expose the public
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Section 264 552(e)(2) requires that the CAMU designation specify the design and operation requirements

applicable to the remediation waste management that are to take place within the CAMU Tbisdesign

narTative has been developed so that, after review and approval by CDPBE, it can be incorporated into

the CAMU designation as the requirements for design of the landfill and other CAMU components

This design narrative provides performance standards, design guidance, design parameter demonstration,

and resultant design criteria for the components of the landfill systems These terms are defined as

follows

Performance Standard An ob)ective for design that is based on a regulatory requirement,
regulatory guidance, and/or standard practice.

DesignGuidance Standard engineering reference manuals and design elements that have been
identified in regulatory guidance or have been demonstrated by past practice to meet the
performance standards

Design Parameter Demonstration Analysis required to demonstrate that the design criteria will
provide for conformance with the design guidance and the performance standard

Resultant Design Criteria Specific elements of the design that have been shown by supporting
analytical demonstration to meet the related performance standard

Collectively, these terms are referred to as design parameters in the CDD Where applicable, the types of

engineering analyses that may be performed during the design to document conformance with the

performance standards are presented

1.3 Guidance Documents

EPA guidance and other published documents were used as references to prepare this document. Those

references used are listed in Section 110, Bibliography The general format and guidance given in the

EPA document entitled "Guide to Technical Resources for the Design of Land Disposal Facilities" (EPA,

1988) was incorporated into the landfill-related sections (Section 3 0 and 4 0) below Application of the

approach presented in these sections during design will provide a "road map" to verify, through an EPA

published reference, that the landfill design submitted for CDPBE approval contain the EPA-recom-

mended level of detail using appropriate EPA-recommended references In some cases, it was necessary
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to update the information given in this seven-year-old EPA document to reflect technological advances

and regulation changes that have occurred since its publication Diring the design of the landfill,

current references, methodologies, and design approaches will be reviewed and used, as applicable, to

provide a "state of the art" landfill design.

1.4 Organization

The remainder of this document is divided into 10 sections Section 2 0 describes the development of

the overall CAMIJ layout The necessary components and considerations for the design of the CAMU

components are discussed as follows

Section 3.0 Landfill Foundation and Lining Systems

Section 4 0 Landfill Cover Systems

Section 5 0 Run-on/Runoff Control Systems

Section 6 0 Waste Staging/Consohdation Areas

Section 7.0 Leachate Management Systems

Section 8 0 DecontaminationFacilities

Section 9 0 Basin F Waste Pile Drying Unit

Section 10 0 presents the acronyms used in this document and Section 110 provides the bibliography

In addition to the main body of this appendix, conceptual drawings of the landfill area are included as

Attachment Bi and conceptual foundation and slope stability analyses are included as Attachment B2

The conceptual drawings show a landfill concept that is considered to be a feasible design that could

accomplish the goals for the landfill as outlined in the Conceptual Remedy under CERCLA This concept

may undergo revision during design but the concept is accurate enough to define the CAMU footprint

and make the appropriate siting demonstrations The drawings show the concept's plan views, cross

sections, and selected details of the landfill cell geometry, landfill lining systems, cover systems, and run-

on/runoff control systems
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In the development of Table BI, certain geotechnical analyses were performed on the conceptual design

shown in Attachment Bi and the results included as a component of this design narrative These

analyses areincluded in Attachment B2

The following geotechnical analyses were performed

0 Foundation settlement

0 Foundation bearing capacity

0 Potential for excess hydrostatic pressure on the foundation

0 Excavated slope stability, including seismic considerations

0 Cover slope stability, including seismic considerations

The results of these individual conceptual analyses indicate that the conceptual design will not be

severely constrained by these design considerations The design of the landfill will include a more

comprehensive evaluation of these and other design considerations

During the working sessions, design parameter tables were presented and discussed The results of these

discussions have been consolidated into the CAMU Landfill Design Parameters table presented in

Table Bi This table presents the design items for the CANM landfill and characterizes each related

design component as performance standards, design guidance, design parameter demonstration, and/or

resultant design criteria. The design demonstrations referenced in Table Bi will be completed during the

design process
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2.0 CAMU DEVELOPMENT PLAN

During the initial working sessions, vanous conceptual CAMU development plans were presented In

later working sessions, it was agreed that a CAMU development plan would not be included in the

CDD Therefore, completion of a preliminary CAMU development plan is planned as the initial task

in the CAMU design. The preparation of a preliminary CAMU development plan will enable the

designer to proceed more efficiently with the detailed design tasks discussed in later sections of this

document The preparation of the GAMU development plan can be divided into three subtasks

Individual landfill cell layout alternative and final plan preparation

Comprehensive CAMU layout plan preparation

Phased construction document preparation

These subtasks; are descnbed in this section.

Figure Bi shows the landfill area boundary, the conceptual locations of the other CAMU facilities,

and the overall CAMU boundary The individual landfill cells are to be located within the areal

extent of the landfill portion of the CAMU The remaining CAMU facihties may or may not be

located where shown in Figure B1, however, they will be located within the overall CAMU boundary

These facilities may include, but are not be limited to the following

0 Decontamination facilities

0 Basin F Waste Pile drying unit

a Waste staging/consohdation areas

0 Leachate storage/offloading area

The subsections below discuss the recommended methodologyfor development of a preliminary

CAW development plan.
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2.1 Landfill Cell Layout Alternative and Final Plan

The initial step in preparing a CAMU development plan will be to develop a preliminary plan for

the layout of the individual landfill cells. The individual cells are divided into two groups:

double-lined cells and triple-lined cells. The triple-lined cells will contain waste from the Basin

F Waste Pile and Former Basin F, Sand Creek Lateral soil and other compatible remedy

related wastes identified in the RMA Remediation Waste Management Plan and the

Compliance Order on Consent and amendments thereto. The double-lined cells will contain

the remaining waste identified for landfilling in the Detailed Analysis of Alternatives (DAA)

(Foster-Wheeler, 1995). The DAA is a CERCLA document.

2.1.1 Design Parameters

During the CAMU working sessions, the design parameters for the layout of the landfill cells

were discussed. The layout design parameters are presented in Table BI with the exception for

those related to the excavated surface geology. The surface of an excavated I andfill cell will

likely contain alluvial sandy soil or sand unit subcrops of the Denver Formation. The potential

for piping and infiltration of surface water behind and below the liner as a result of sand outcrops

at the surface and adjacent excavation perimeter will be evaluated during the design and

addressed accordingly, As a design guidance, the base of the excavated surface located within

soil classified as coarser than SM by the Unified Soil Classification System (USCS) will be over

excavated a minimum of 3 feet and backfilled with structural fill that classifies finer than SM.

The over excavation requirements for portions of excavated side slopes located within soil

classified as coarser than SM will be determined during design.

2.2 Comprehensive CAMU Layout Plan Preparation

After completion of the individual cell layout, the next step in preparing the CAMU development

plan will be to calculate the area required for each of the various remediation waste handling

facilities to be constructed within the CAMU. The conceptual facility locations shown in Figure

BI are only for designating a potential use within the indicated CAMU boundary. The need for

each facility along with its size and location will be determined during design. In all cases, the

facilities
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must be located within the CAMU boundary shown in Figure Bi Once the required areal extent of

the CAMU facilities has been calculated, phased construction requu ements will be analyzed

2.3 Phased Construction Document Preparation

The individual CAMU cells and facilities will be constructed over a multi-year period and the

individual construction-level design drawings will be prepared and submitted to CDPBE for approval

over the same mult-year time period The design will typically include a series of drawings to show

the phased development of the CAMU from initial construction through final closure The phased

construction drawings will contain sufficient detail to determine the required areas and location of

the various CAIVfU facilities (cells, roadways, treatment units, drainage channels, etc ) These phased

development drawings will typically show the facilities to be constructed or closed as part of a given

phase and the pertanent run-on/runoff controls for that phase
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3.0 LANDFILL FOUHDATION AND LIHIHG SYSTEMS

This section outlmes significant design considerations for the design of the landfill foundations and

lining systems Design parameters for foundations and lining systems are presented in Table Bi

This section does not include landfill cover system design, which is discussed in Section 4 0 This

section follows the format of Section 2 0, 3 0, and 4 0 of the preVlOLLSly referenced "Guide to

Technical Resources for the Design of Land Disposal Facilities (EPA, 1988)

3.1 Foundations

The landfill foundation design will Include (as appropriate) an assessment for, and calculated

estimates of settlement, compression, consolidation, bearing capacity, shear failure, uplifts,

liquefaction of the foundation Soil, and the effect, if any, of hydraulic and gas pressures on the

foundation This analysis will include pertinent geologic, geotechnical, hydrogeologic, and seismic

information Foundation design will address the potential for soft-spots or unsuitable soil in

foundation subgrade areas Subgrade evaluations will be performed, methodologies may include

proof rolling, visual observation and soil mapping The subsections below provide additional detail

on the type of information typically needed and the individual analyses typically performed

3.1.1 Design Parameters

The design of the individual landfill cells willinclude an analysis of the expected foundation

conditions and the potential effect of foundation movement on the landfill components The design

parameters for the foundation design are presented in Table Bi

3.1.2 Site Investigation and Laboratory Testing

An adequate site investigation is necessary to ensure that the foundation design will accommodate

the expected foundation conditions A comprehensive site investigation, including field and

laboratory work, was performed by HLA and was described in the report entitled "Final Landfill Site

Feasibility Report for the Feasibility Study Soils Support Program" (FS Report) (HIA, 1995a) The FS
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Report is attached to the CDD as Appendix R Also, additional field data are included in Appen-

dLx A, Part 2, Siting Compliance Demonstration

The available geotechnical, geological, and hydrogeological data should be reviewed during design to

evaluate whether additional field and laboratory data are required to complete the foundation design

If a geotechnical investigation is necessary to complete design, a work plan will be prepared and

submitted to GDPHE for approval

3.1.3 Design Considerations

Design considerations relative to the landfill foundation design are presented below These

considerations are discussed according to waste and structure, settlement, seepage and hydrostatic

pressures, and bearing capacity

3.1.3.1 Waste and Structure

The majority of the foundation analyses will be a fLmction of the foundation soil/bedrock properties,

but the results of the analyses can be significantly influenced by the loadings assumed in the

analyses The expected maximum loading oil a landfill foundation is a function of the density of the

waste/daily cover and linmg components and the maximum height of the waste/daily cover and

lining components placed over the foundation The actual waste density may vary significantly from

waste stream to waste stream Because some of the landfill cells may contain significantly different

waste than other cells, it is conceivable that the loadings, and thus the analytical results, may vary

significantly from one cell to another The foundation design analysis will include estimates of the

loadings, the landfill configuration, and the estimated waste characteristics and volumes

3.1.3.2 Settlement

An analysis of the total and differential settlement due to the maximum loadings will be performed

as part of the foundation design The results of this analysis will then be used to evaluate the ability

of the landfill components to maintain their integrity due to the additional stresses induced as a
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result of the settlement/compression. In calculating the estimated settlements, evaluations of the

settlements due to primary consolidation and secondary compressio EL Will be performed

Settlement analyses will be performed to assess the downward soil movement due to the stresses

caused by the overlyinglandfill components (embankments, waste, liners, etc) Total settlements

will typically be calculated for the toe, center, crest, and any other critical points of the load

distributions for each distinct soil layer being loaded The settlements for each layer will then be

summed to attain the total settlement at a particular point Differential settlements will then be

calculated by subtracting the settlements between points

A conceptual settlement analysis of the foundation soil was performed to evaluate if the landfill can

be designed to account for foundation settlement. This analysis was performed using available site

data and assumptions using published data Conservative assumptions were used for the type of

foundation soil, the height of the water table, and the promise that the water table may drop in the

future The assumptions used in the analysis included

Land±M cells will be excavated 30 feet below the natural ground surface

Waste and cover components will be placed 30 feet above the natural ground surface

Foundation soil will consist of 30 feet of clay overlying bedrock.

Groundwater will be initially at the base of excavation and then drop 30 feet

The results of the analysis indicate that foundation settlement is expected to be less than 2 inches

under the areas of maximum loading Thus, the estimated differential settlement within the

foundation soil will be 2 inches or less The landfill components can be designed to account for this

amount of differential settlement The complete calculation package, including assumptions and

references, is included in Attachment B2
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3.1.3.3 Seepage and Hydrostatic Pressures

Seepage into the landfill from groundwater is not anticipated due to the roinnnum groundwater

separation of 20 feet The results of the analysis conducted in Appendix A shows that the rate of

advective movement of water from the landfill is negligible (<O 007 inches per year) Thedesign

will include an evaluation of whether the maximum leakage through the bottom liner (included in

Appendix A) can provide pathways that may eventually result in failures from excessive differential

settlement due to piping and soft spots Although not expected, if this evaluation results in an

unacceptable conclusion, additional enhancements will be designed and incorporated into the

construction requirements

The conceptual engineering analyses included in Attachment B2 include an analysis of the possible

effect of excess hydrostatic pressure. The result of this analysis indicates that the groundwater Will

have to rise to a level approximately two times the liner thickness above the liner for the buoyancy

effect of the hydrostatic pressure to be greater then the overburden pressure of the liner system As

waste is placed over the liner system and the overburden pressure increased, the groundwater must

rise even higher to have an effect. The potential impacts of hydrostatic pressures resulting from

infiltration of surface water through piping channels will be evaluated and addressed, if applicable,

during design

3.1.3.4 Bearing Capacity

For landfill cells, differential settlement is the ma)or foundation concern. However, for specific

components, primarily the sump areas and riser pipe pads, the bearing capacity of the underlying soil

is also of concern An accurate estmate of the bearing capacity of the landfill foundaton soil is

necessary to properly estimate the amount of settlement to be expected under a given load distribu-

tion The foundation will be designed to ensure that the actual bearing stress is less than the bearing

capacity of the foundation.
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The analyses included in Attachment B2 includes a conceptual analysis of the calculated bearing

capacity and the calculated loading using the assumptions developed as part of the conceptual

foundation settlement analysis The results of this conceptual analysis indicate that the factor of

safety against bearing capacity failure is 2 6

3.2 Embankment Integrity and Slope Stability

The individual CAMU landfill cells will likely be constructed above and below grade in the general

configuration shown on Drawing C-7 in Attachment Bi Drawing C-7 does not currently reflect the

construction of earthen embankments (dikes) as part of the landfill foundation. However,

embankment construction may be incorporated into the design to some extent to meet the layout

criteria described in Section 2 0 and to account for surface topography changes The landfill cell

excavated slopes and embankments (if used) will be designed to ensure that they will be stable

during the construction, operation, closure, and postclosure periods

The conceptual analyses included in Attachment B2 also include a slope stability analysis of the

excavated cell slopes shown on the Drawings in Attachment BI This analysis was performed using

the computer program PCSTABLE5M developed by Purdue University and available site and

published data The results of this analysis indicates factors of safety of 18 under static loads and

1 5 under pseudo-static (static and seismic) loads are obtainable Attachment B2 includes the data

parameters, computer printouts, and assumptions of this analysis

Acceptable methodology for the analysis of the stability of the excal7ated slopes and embankments is

discussed in the subsections below

3.2.1 Design Parameters

The design of the individual landfill cells will include an analysis of the stability of slopes and the

integnty of earthen embankments constructed as part of a landfill cell foundation. The design

21907 7050111 HaMing Lawson Associates B-15
0211031296 CDD



Appendix 0

parameters for the analysis are incorporated in the general and foundation design parameters in

Table Bi

3.2.2 Site Investigation and Laboratory Testing

As discussed in Section 3 1 2, a site investigation and laboratory testing program has been performed

and additional field and laboratory work may be performed to complete the detailed design of the

landfill calls within the CAMU areal configuration. Appendix I to the CDD describes a laboratory

testing program to be implemented for the construction and testing of a clay liner test fill Also, a

report identifying potential borrow materials and their engineering properties entitled, "Final

Feasibility Study Soils Support Program Report" (Borrow Study Report) (BLA, 199,9b) is available for

reviewatRMA Interface shear testing between the various components of the landfill lining system

and various index and shear strength tests of the soil expected to be part of the landfill construction

may also be performed This collective data will provide the designer with the necessary site-specific

information to perform the stability analyses

3.2.3 Design Considerations

The stability of a slope is a function of the properties of the soil and other materials, such as

geosynthetics, that comprise the slope, the configuration of the slope, and the hydraulic conditions of

the slope The slopes designed for the landfill will typically be analyzed for stability against circular

and translational failure Circular failure is movement about a curved slip surface approximated by a

circle Translational failure is movement along one or more planes of weakness in a slope

Additionally, the embankments and slopes will be analyzed as appropriate for stability against failure

due to differential settlement, seepage-induced piping failure, and soft spots

Translational failure analyses will include both planar and wedge-typefaflures Bothplanarand

wedge-type failure analyses will be performed for the lining systems on the slopes As discussed in

Section 3 2 2, critical geosynthetc interfaces, soil/geosynthetic interfaces, and soil internal strengths

maybe estimated in the laboratory using site-specific materials The results of these tests, along with
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published parameters, will be used in this analysis. The results of the analysis will be used in

selecting the final type of geosynthetic (i.e., geocomposite or geotextile overlying geonet), grade

of geosynthetic (i.e., textured or smooth geomembrane), and anchor trench/runout length design.

3.3 Lining Systems

The landfill lining systems will consist of the following from top to bottom:

0 Protective soil layer

A leachate collection system (LCS)

An uppermost composite liner (FML overlying a CCL)

A leak detection system (IDS)

A lowermost composite liner

A tertiary IDS (triple-lined cells only)

A tertiary composite liner (triple-lined cells only)

The design parameters and methodology for theses components are discussed in the subsections

below.

3.3.1 Design Parameters

As stated in Section 2.0, the Landfill CAMU boundary will contain one or more individual

double-lined cells and one triple-lined cell. Conceptual cross sections of the double-and triple-

lined cell lining components are shown on Drawing C-3 in Attachment Bl. The design parameters

for lining systems are presented in Table Bl.

3.3.2 Design Considerations

The components of the double- and triple-lined cell lining systems can be divided into three

groups, compacted clay liners (CCLs), flexible membrane liners (FMLs), and LCSs/LDSs, LCSs

and LDSs are grouped together because the LCS and LDS perfon-nance standards and materials of

construction are similar. The subsections below describes the purpose, design configuration and

calculations, and material specification considerations for each of these groups.
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3.3.2.1 Compacted Clay Liners

The design of CCLs can be divided into five groups site and material selection, thicluiess, hydraulic

conductivity, strength and bearing capacity, and slope stability Site selection consists of selecting

both the site on which the CCL will be constructed and the site from where the clay for the CCL will

be obtained

The preliminary selection of the CCL matenal borrow sites and the required material properties have

been completed and the results are summarized in the FS Report and the Borrow Study Report The

Test Fill Construction Program presented in Appendix L when completed, will finalize selection of

the clay borrow site(s) and the CCL material property requirements The Tninuourn overall thickness

of the CCLs used in the cell Iming systems win be 6 feet

The in situ hydraulic conductivity is the most important property of a CCL It is also the property

that is the most dependent on construction procedures Appendix I presents a typical program for

evaluating and establishing the required material properties and construction procedures Also, the

hydraulic conductivity of CCLs using leachate of the quality expected in the landfill will be assessed

as discussed in Section 3 3 3

The strength, bearing capacity, and slope stability of the CCLs and the foundations over which they

are placed will be analyzed as part of the design to verify stability of the CCIs under the expected

conditions Typical analyses for these parameters are discussed in Section 3 1 and 3.2

3.3.2.2 Flexible Membrane Liners

The results of the foundation analysis, slope stability analysis, CCL design, and the chemical

compatibility testing will be used to select an appropriate FMI and its required properties The

chosen F&ffi will demonstrate low permeability, chemical compatibility, and the required physical

properties to meet the performance standards set forth in Table Bi The FIVI used will. likely be a

high density polyethylene (HDPE) liner due to its ability to meet the physical and chemical property
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requirements and its proven performance history in similar applications Polyethylene FIvfLs with

lower densities may be considered due to their elongation properties and lower coefficients of

thermal expansion. An additional criterion in selecting the FIýE is the its ability to be installed

(deployed, seamed, tested, repaired, and covered) with a high confidence in the quality of

installation.

Chemical compatibility testing and evaluation using leachate of the quality expected for the landfill

will be performed on the selected FML prior to completion of design. The procedures to be used are

discussed in Section 3 4

The required physical properties, including thickness, strength, and frictional characteristics, will be

selected through analysis The maxinium differential settlements VnjI be used to evaluate the

required elongation properties The slope stability requirements will be used to select the

frictional characteristics and tensile strengths The expected installation and covering procedures,

type of cover materials, magnitude and distribution of loadings (during construction, operation, and

closure), along with the results of the foundation and slope stability analyses will be used to select

the minimmn thickness and associated strength properties

3.3.2.3 LCSs/LDS.s

The LCS and LDS for each landfill cell will include the following

A base sloped at a minimum of one percent

A high permeability drainage layer consisting of either a granular layer or a geonet layer
overlain by a filter geotextile

Separate collection sump or sumps for each LCS and LDS that provide access for removal of
any coliected liquids

Consideration of system flushing capabilities

The initial step in designing the LCS and IDS is typically to layout the components within the

landfill cell Drawings C-3, C-4, and C-5 of Attachment Bi show typical LCS and IDS design
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configurations Using the drawings and dimensions from the landfill layout plan, the dimensions,

extent, and slopes for the system being designed, can be selected The expected settlement of the

foundation and underlying CCLs will be analyzed to verify that the base slope will not be less than

one percent at any tune during the operational and postclosure period Ad]ustinents will then be

made to the base slope based on this analysis

The overall stability of side wall slopes using the expected system components will be analyzed and

the stability of the individual system components will also be considered under the expected range of

loading conditions Considerations for creep and collapse of geonets (if used) will be included in this

analysis

As presented in Table B1, the performance standard for the LCS and LDS requires that these systems

maintain less than 1 foot of leachate depth on top of each liner system throughout the active life and

post-closure period The depth of liquid over the liner is a function of the impingement (percolation)

rate into the liner, the base slope, the spacing of collection pipes (if used), and the LCS's and LDS's

drainage capability (hydraulic conductivity or transmissivity) The ultimate design of the LDS to

achieve this performance standard will allow calculation of the action leachate rate (ALR) for any

given cell The ALR is the maximum design flow rate that the LDS can remove without fluid head

on the bottom liner exceeding 1 foot The ALR will be included in a Response Acton Plan (see

Outline in Appendix N)

The impingement rate onto the LCS will be obtained from the Hydrologic Evaluation of Landfill

Performance (HELP) computer model or similar computer program The other variables will be

obtained from the layout of the LCS as discussed above These variables will then be used to analyze

and modify the LCS design The HELP model may also be used to estimate head buildup above the

uppermost composite liner for a variety of designs, time periods, and storm events The results will
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then be used to verify that the head linatation will not be exceeded for the expected range of

conditions

The LDS will be designed to collect and remove consolidation water from the overlying CCL, any

potential leakage from the overlying liner, and to meet the general performance standards of the LCS

The design of the LDS will be nearly identical to the LCS design except that the impingement rate

will be a function of the amount of consolidation water plus the potential leakage rate estimated from

the HELP or similar computer model As previously discussed, laboratory geotechnicaltesting will

be performed as necessary to obtain the appropriate parameters to estimate the amount of consohda-

ton water to be collected in the LDS As a precaution, the maximum flow capacity of the LDS will

be equal to or greater than the maximum flow capacity of the LCS

The required strength of the components of the systems (both LCS and LDS) will also be analyzed

under the expected range of loading conditions (including equipment loadings with minimal cover

and material loadings after closure) The effects of the compressive loads on the drainage capability

of the drainage layers and piping will be estimated prior to the specification of materials and

construction procedures Transmissivity tests will be performed under the expected field conditions

(boundary materials, loads, gradient) to confirm the design transmissivity value for the drainage

layer Piping will be sized and specihed based on the required flow capacity and the necessary

strength requirements for the range of loadmg conditions The piping system win be designed to

account for clogging potential

Perforated piping may be included in the LCS for rapid collection a-ad removal of leachate and to

provide the capability to flush the LCS Piping may also be incorporated into the LDS design if

granular material is used as the drainage layer If granular materials are used, pipe perforations

andlor filters will be designed to mitigate clogging of the pipe Adequate flow velocities for the

piping will be designed to promote self-cleaning The design and selection of filter geotextile
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properties will also be performed to minimize the potential for clogging from both physical and

cherrucal processes

3.3.3 Chemical Compatibility

Chemical compatibility testing will be conducted for liner, leachate collection system, and sump

materials The chemical compatibility of landfill components to leachate will be a consideration for

the long-term integrity of the landfill Prior to development of the chemical compatibility testing

program, the existing manufacturer's information and data from testing performed on the Pond A

BDPE primary liner during closure of Pond A will be evaluated Initial assessment of material

compatibility will be based on a review of existing leachate data and demonstrated properties of the

landfill component being tested Standard testing protocols to assess the chemical effect on the

hydraulic characteristics of geotextiles and geonets have not been developed Appropriate hydraulic

chemical compatibility testing procedures for these materials will be developed and implemented

during design General protocols provided below will be implemented for the mechanical chemical

compatibility testing of geosynthetics and the hydraulic chemical compatibility testing of earthen

materials prior to construction

Compatibility testing will typically consist of performing EPA Method 9090A testing on geosynthetic

components (including pipes) and EPA Method 9100 testing on soil components EPA

Method 9090A is performed by immersing an Bffi in a representative sample of leachate over a

120-day period and periodically measuring the physical properties of the test sample to analyze for

deterioration due to the leachate imm ion Although this test method was written for FMLs, the

setup and immersion procedures can also be used for other geosynthetics In addition to measunng

the physical properties, the testing program may be developed based on testing of the design function

of the geosynthetic

Several of the EPA Method 9090A parameters have become outdated and even inappropriate for some

FMLs,mcI:udingHDPEFMLs Some laboratories recorn-m end performing the test using modifications
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or replacements to EPA Method 9090A. An alternate procedure is ASTM D5747-95 "Standard

Practice for Tests to Evaluate the Chemical Resistance of Geomembranes to Iaquids "

EPA Method 9100 is performed by hydrating low permeability earthen materials (CCLs or geosyn-

thetic clay liners [GCLs]) with representative leachate to access the effect of the leachate on hydraulic

conductivity An alternate method is ASTM D5084-90 "Test Method for Measurement of Hydraulic

Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter " GCLs and CCLs wi.11

typically be tested in accordance with the general guidelines of EPA Method 9100 and/or

ASTM D5084 to ascertain the effect of leachate on the hydraulic conductivity of these materials

Typically, the test will consist of hydrating the test sample with water, obtaining a hydraulic

conductivity value for water only, and then passing a minimum of two pore volumes of leachate

through the test sample and obtaining a hydraulic conductivit3r value for leachate Thismethodwill

typically allow the designer to evaluate the effect of leachate on the hydraulic conductivity of the test

sample Testing may also be performed using leachate as the only permeate to assess the leachate's

effect on the swelling ability of the test sample

3.4 Construction Specifications

The design will set forth the material and procedural requirements for each component of the landfill

construction These data will be incorporated into detailed construction specifications Typical

earthwork and geosynthetic specifications are presented in Appendri P These typical specifications

are provided to demonstrate that materials and methods are available for potential use that meet the

design performance requirements outlined in this appendix. The specifications in Appendix P

present the general content and format that will be included in the construction specifications

During design, detailed construction specifications will be prepared based on engineering evalua-

tions, additional data collection, and relevant technical considerations

The construction specifications will typically include material reqwLreinents, including quality

control requirements for borrow soil, subgrade, geosynthetics, and other landfill components,

21907 7050111 Harding Lawson Associates B-23
0211031296 CDD



Appendix 5

performance requirements during construction (such as compacted soil moisture/densityrequire-

ments and seam strength requirements), and the procedural requirements during construction

(e g, all seams willbe nondestructivelytested) Construction specifications Will be submitted to

CDPHE for approval prior to implementation

3.5 Construction Quality Assurance

An effective Construction Quality Assurance (CQA) program will be implemented to verify that the

landfill is constructed as designed The CQA program will be described in a CQA Plan that will be

completed prior to construction. The CQA plan will be submitted to CDPBE for approval prior to

implementation

The CQA Plan will desanbe the CQA inspection and monitoring requirements, the CQA testing

frequencies, the documentation requirements during construction, and the certification report

requirements for each component of the landfill Appendix H presents an outline of a typical CQA

Plan for the construction of the landfill portion of the CAMU This typical CQA Plan outline is

intended to provide the reviewer with an example of the level of detail to be included in the CQA

Plan developed prior to construction.
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4.0 LANDFILL COVER SYSTEMS

This section presents the design parameters and general design considerations to be used for the

design of the landfill cover systems Design parameters for the landfill cover systems are presented

inTableBi The landfill cover system will be a multi-layered system comprised of earthen arid

synthetic materials The design will incorporate erosion control, water balance, and biotic and

infiltration barriers as the primary components The components and methodology described below

maybe modified during design Any modifications to the components and methodology described

below will be subject to review and approval by CDPHE prior to implementation

Drawing C-8 shows the conceptual cover section that was agreed upon during the CAMU working

sessions Each component of the cover system will perform a unique function and in some cases one

component may serve multiple functions The components of the cover system are listed below from

top to bottom

Upper Soil Layer consisting of a

Vegetative/erosion protection layer overlying a

Water storage layer

Biota Barrier/Capillary Break Layer

Drainage Layer and/or Cushion Layer

Composite Hydraulic Barrier

Gas Venting System (if necessary)

Prepared Subgrade

4.1 Design Parameters

The design parameters for the cover system are presented in Table Bi

4.2 Design Considerallons

Design considerations related to the cover system are presented in the following sections
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4.2.1 Settlement

EPA guidance states that cover settlement is caused by primary consolidation and secondary

compression Considerations for the settlement analysis will include the magnitude and distributions

of the loadings, the expected percent of void space within the cell configuration of waste, the waste

placement and compaction procedures, and the waste composition and structure (soil, containers,

etc) The minimum slope of the cover system will be designed to account for settlement to maintain

positive outward drainage The results of the settlement analysis will be used to select cover slopes,

and configurations and to prepare the construction specifications

4.2.2 Slope Stability

The stability of the slope will be evaluated using the same procedure previously described for the

cell lining systems The results of the stability analysis will also be used to select materials and

slopes and to prepare the construction specifications

A conceptual analysis of the cover system slope stability under static and pseudo-static (static and

seismic) loads using the computer program PCSTABLE5M was performed The results of this

analysis indicated factors of safety of 2 8 for static loads and 2 2 for pseudo-static loads are obtain-

able Attachment B2 includes the data parameters, computer printouts, and assumptions of this

analysis

4.2.3 Vegetation

The Conceptual Remedy states that the entire surface of the cover systems will be vegetated In some

cases it may be necessary to use erosion control materials in conjunction with vegetation prior to

vegetation of the entire surface The vegetated surface will be designed to provide surface

stab ilization/erosion control, enhanced transpiration and impact wildlife in a manner consistent with

guidance from the FWS
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The selection of vegetation species for the cover systems will be based on a nincture of desired

characteristics based on input from the FWS and Soil Conservation Service (SCS) The selected

vegetation species will provide an adequate root mass with a variation of root depths to remove

moisture at diffenug levels of infiltration and will include some species that are drought resistant and

some that resist damage from wind and water erosion Consideration will be given to species that

establish rapidly in the spring to provide early protection and transpiration while other species are

developing

4.2.4 Erosion Control Materials

Erosion control materials may be necessary prior to or during vegetation establishment and/or on

steepened side slopes where the erosion analysis (discussed below) indicates that the soil/gravel

ad=xture and vegetation together wi].1 not provide adequate long-term protection Fxosioncontrol

materials may consist of gravel armoring, mats, or meshes using a combination of synthetic, earthen,

or vegetative materials The erosion control materials are of significant benefit during the vegetation

establishment period to protect bare slopes and prevent seed washout The erosion control materials

will reduce erosion damage to barren slopes before vegetation estabb shes, but some may hinder the

growth and consistency of the vegetation. This reduction in consistency of vegetation coverage may

reduce the transpiration rate and the loss of root mass may reduce the long-term soil stability

achieved from the root binding mechani in Therefore, after adequate initial vegetation is

established, the erosion control materials may be eliminated and efforts concentrated toward the

establishment of adequate long-term vegetation

4.2.5 Vegetative/Erosicin Protection Layer

A preliminary analysis of the uppermost soil layer of the cover system was performed to assess its

ability to resist damage from the erosive effects of wind and water This analysis assumed topsoil

similar to that present in the landfill area would be used on the cover systems This preliminary

analysis indicated that once consistent vegetation is established, the native soil and vegetation will

provide adequate performance Because erosion control is an important consideration in the Part 2,

21907 7050111 Harding Ukwson Associates 8.27
0211031296 CDD



Appendix 0

1,000-year demonstration (see Appendix A), natural erosion control measures for unvegetated areas

should be incorporated into the design Vegetative monitoring using reference areas and statistical

analysis will be performed to evaluate areas vegetated during unplementation of the CAM'U.

Gravel mi ed with topsoil improves erosion resistance A soil/gravel admixture will gradually lose

fines, thus leaving the gravel exposed The exposed gravel forms a "desert pavemenf increasing the

erosion resistance of unvegetated areas of the cover systems Desert pavement formation has be

attributed to three processes concentration of stones by wind deflation, concentration of stones by

runoff erosion, and concentration of stones by upward migration (Waugh et al , 1988)

4.2.5.1 Erosion Resistance

The design of the cover system will include an analysis of the effects of erosion (both wind and

water) on the cover surface The erosion analysis will include calculations for the estimated soil loss

due to wind and water erosion over the 1,000-year design life Precipitation event data used in the

analyses will be consistent with the data given in the Urban Stormwater Drama 9 Criteria Manual

(USDCM) and/or other appropriate references (Denver Regional Council of Governments, 1969

[updated]) The cover system will be designed such that the estimated soil loss does not exceed the

EPA-recornm ended 2-tons/acre/year and that the vegetative/erosioncontrol layer is of sufficient

thickness that a portion of this layer will remain after 1,000 years

Calculation methods that are currently available that may be used are listed below

The total depth of soil loss due to wind erosion over 1,000 years may be calculated using the
wind erosion equation and parameters given in the National Agronomy Manual, or other
appropriate reference

To calculate the total depth of soil loss due to water erosion over 1,000 years, the Revised
Universal Soil Loss Equation (RUSLE), Version 1.04 or later, or other suitable method may be
used RUSLE is a revision and update of the universal soil loss equation (USLE). RUSLE
retains the equation structure of the USLE, but each of its factor relationships has been either
updated with recent data, or new relationships have been derived based on modern erosion
theory and data
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The design should also consider the vegetative layer's resistance to gully erosion for both the
top and side slopes

4.2.6 Water Storage Layer

Directly below the vegetative/erosionprotection layer is the water storage layer This layer consists

of fine-grained soil with a primary function of providing water storage to nourish the vegetation root

mass and to provide adequate soil depth for the establishment of the root system The Ascalon soil

series native to RMA have an available water capacity of 0 13 to 0 15 inch per inch and the Platner

soil series, also native to RMA, have an available water capacity of 0 14 to 0 18 inch per inch Both

of these soil types should provide adequate water retention capabilities

The design of the water storage layer will define the optimum thickness of the water storage layer to

contain extreme precipitation events for which maximum infiltration may occur The HELP model or

sim-ilar program will be used to calculate the percent of the infiltrated moisture that would be

retained in the top 48-inches of the cover system The results of this modeling win be used to

estimate whether the retained moistuxe is adequate to sustam vegetation and minimize the amount of

infiltration that reaches the underlying composite hydraulic barrier

For frost protection, the cover system design will provide a -minimum thickness of 42 inches of cover

over any CCL in the cover system For example, the TninTmurn thicIcness of the upper components in

the cover system shown in the conceptual cover system (Drawing C-8) is 60 inches (48-mch

M111IM11M Soil layer for root growth and 12-inch minimum biota. layer)

4.2.7 Geotextile

The conceptual cover (Drawing C-8) proposes a geotextile between the fine-gramed soil and the

underlying biota layer This geotextile serves the primary functionb of filtration and separation

Segregation must be maintained between the overlying fine-grained soil of the water storage layer and

the underlying large rock layer in order for a capillary break to function properly
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The geotextile will be selected during design based on its filtration characteristics, ffictional

characteristics, puncture resistance, and tensile strength The geotextile design considerations

include resistance to puncture and tear because it win be placed directly over rock and subjected to

equipment loadings during the construction of the remainder of the cover system

4.2.8 Blota Barrier/Capillary Break Layer

The primary functions of this layer are to deteranirnal intrusion into the underlying drainage layer

and composite hydraulic barrier and to provide for a capillary break. A capillary break is essental in

TainiTamn the amount of infiltration that reaches the composite hydraulic barrier A capillary break

is formed when there is a large differential in air void size between two materials Whensoilsare

un ati ated, atmospheric pressures exceed the soil capillary pressures Moisture is retained in the

fine-grained soil due to surface tension between the fine particles and the increased atmospheric

pressure of the large voids in the rock layer The fine-grained soil must become saturated before

moisture will break through the capillary barrier The composition, size, and angularity of the

aggregate used in the blota barrier will be chosen based on the durability of the rock, the potential

for damage to surrounding geosynthetics, and the size and burrowing habits of the local Finunal

species The size (weight) of the rocks will be chosen based on the weight of an average animal of

the species the FWS anticipates may pose a burrowing problem Axigularity of the aggregate will be

selected to form an interlockmg-bridging action that will make it difficult for animals to burrow, yet

mnimi e the potential for damage to adjacent geosynthetics The overall thickness of the biota

barrier will be selected to allow adequate interlock

A secondary function of the blota. bamer/capfflary break layer will be to deter plant intrusion

Research conducted at the Los Alamos National Laboratory indicates that plant roots are discouraged

by the large air void spaces and lack of moisture present in this layer Roots penetrate downward in

search of moisture Therefore, after reaching certain depths with no moisture reserve, the roots will

be discouraged and stop growing deeper This protects the underlying drainage layer from becoming

clogged from root growth.
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4.2.9 Drainage Layer and/or Cushion Layer

Asa redundant system, a drainage layer maybe provided The biota/capillary break layer discussed

in Section 4 2 8 may also serve as the drainage layer If a separate drainage layer is utilized, it will

typically consist of a sloped lateral dxamage layer placed above the cover system's composite

hydraulic barrier (Fl%ffi and overlying a CCL or GCL) and win be designed to remove infiltration from

above the composite hydraulic bamer

The drainage layer will typically consist of one of the components listed in Section 3 3 2 3 The

design considerations that will determine the drainage material selection include

0 The frictional characteristics based on slope stability requirements

0 Transirassivity/permeabihtybased on the expected amount of infiltration and the slope of the
drainage layer

0 Stram characteristics based on the expected amount of differential settlement

0 The compressive, tensile, and puncture strength characteristics based on the expected
construction and post-construction conditions

0 The cushioning characterisbcs based on the expected loadings and the angularity of the biota
barrier rocks

As indicated above, the biota barnei /capillary break layer may also be designed to function as a

drainage layer If this option is selected by the designer, the layer discussed in this section will serve

only as a cushion between the biota barrier and the FNE

4.2.9.1 Cover Toe Drain

The toe dram will be designed to collect the lateral flow from the cover drainage layer and transport

the flow to a point of discharge in a controlled manner The dram will be sized to carry the

maximum flows anticipated over the design life

4.2.10 Fleidble Membrane Liner

The Fl-vffi component of the composite hydraulic bamer will provide the primary hydraulic barrier to

prevent moisture migration downward The FNE will be chosen to provide suitable properties over
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the long-term design life of this cover system The selection of the FMI will be dependent on the

results of the slope stability, settlement, and other design considerations given in. Section 3 3

Chemical compatibility may be a design consideration if the FNffi is in contact with waste material

4.2.11 Compacted Clay Liner/Goosynthetic Clay Liner

A CCL or a GCL will be the lower component of the composite hydraulic barrier The design

considerations for tIns layer are typically the same as for CCLs or GCLs used in the cell hnmg

systems (see Section 3 3) excluding considerations for chemical compatibility Chemical compati-

bility may also be a design consideration if the CCL or GCL is in contact with waste material

4.2.12 Gas Venting System

The amount of expected gas generation, if any, will be estimated during design Depending on the

expected gas generation rate of the material being covered, a gas venting system may be incorporated

into the cover system This system would collect and remove gases that may migrate upward

through the waste The gas venting system will consist of a collection layer attached to vents that

will penetrate the cover system The collection layer will typically consist of synthetic and/or

earthen materials capable of capturing and directing gas flows out of the landfill Chemi al.

compatibility of gas venting system components may be a design consideration The lateral extent of

the collection layer may or may not cover the entire cell surface The lateral extent of the collection

layer will be determined during design based on the expected gas generation rates

4.3 Construction Specifications

The design will set forth the material and procedural req=ements for each component of the cover

system construction These data will be incorporated into detailed construction specifications The

cover system construction specifications may or may not be combined with the landfill construction

specifications Typical earthwork and geosynthetic specifications are presented in Appendix P.

These typical specifications are provided to demonstrate that materials and methods are available for

potential use that meet the design performance standards outlined in this appendix The specifica-

tions in Appendix P typify the level of detail to be included in the construction specafications
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The construction specifications will typically consist of material requnements, including quality

control requirements for borrow soil, geosynthetics, and other cover components, performance

req=ements during construcLion (i e , compacted soil moisture/density requirements, seam strength

requirements), and the procedural requirements during construction (e g , all seams will be nonde-

structively tested) Construction specifications will be submitted to CI)PBE for approval pnor to

implementation

4.4 Construction Quality Assurance (COA)

An effective CQA program will be mip] emented to verify that the cover system is constructed as

designed The CQA program will be desanbed in a CQA Plan that will be completed prior to

construction The cover system CQA Plan mayor may not be combined with the landhll construc-

ton CQA Plan. The CQA Plan will describe the CQA inspection and monitoring requirements, the

CQA testing frequencies, the documentation requirements during construction, and the certification

report requirements for each component of the cover system Appendix H presents an outline of a

typical CQA Plan for the construction of the cover systems within the CAMU This typical CQA Plan

outline is intended to provide the reviewer with an example of the level of detail to be included in

the final CQA Plan The CQA Plan will be submitted to CDPBE for approval prior to

implementation
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5.0 RUN-ON/RUMOFF CONTROL SY3TEMS

Surface-water management within the CAMU is necessary to prevent the flow of water onto

contaminated areas (run-on), the flow of water off contaminated areas (runoff), and to Tninimize the

effect of erosion on the design performance of the CAMU Surface-water management will be

provided through the use of channels, culverts, and other drainage structures This section provides

the design parameters and considerations for the CAMU run-on/runoff control system Design

parameters for the run-on/ranoff control systems are presented in Table B-1

5.1 Design Parameters

The design parameters for run-on/runoff control systems are as follows

Performance Standards

Design, construct, operate and maintain

0 A run-on control system capable of preventng flow onto the active portion of
the landfill during peak discharge from at least a 100-year storm

0 A runoff management system to collect and control at least the water volume
resulting from a 24-hour, 100-year storm

Design GuidanceAlternatives

Control systems should typically be sized to contain both the peak discharge of a
100-% ear storm (which typically results from a storm duration of less than 24 hours)
and the volume of water resulting from a 100-year, 24-hour storm

The general methodology, parameters, and criteria given in the USDCM should be
comphed with in the systems design.

5.2 Design Considerations

The basis for the design of the run-on control system is to prevent drainage of surface water onto

active waste management areas The active waste management areas will consist of open landfill

cells, waste staging/consolidation areas, and possibly the decontamination area(s) The control

system will include channels, berms, and other diversions as necessary The run-on will be directed

out of the CAMU into the eyastng drainage near the northern boundary of the CAMU Therun-on
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control system will be sized to carry the peak discharge from the appropriate duration 100-year

storm

The runoff control systems will be typically sized to carry the peak flows and at least the volume of

water resulting from a 100-year, 24-hour storm The basis for the design of the runoff control

systems is also to segregate runoff of surface water that could potentially come into contact with

waste from surface rtmoff from uncontsminated areas The runoff control system will include

chnnnels, berms, and other diversions as necessary The potentially contaminated runoff will be

directed to retention pond(s) located within the CAMU Cont-aminat d runoff will be treated onsite

or sent offs1te for disposal in accordance with applicable -regulations

As agreed in the CAMU working sessions, the primary design reference for the design of the run-on/

runoff control system will be USDCM (Denver Regional Council of Governments, 1969 [updated])

This comprehensive three-volume document provides methodology, criteria, and parameters specific

to the Denver area for the design of surface-water management systems, including channels, culverts,

retention ponds, erosion control, and other surface-water control structures
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6.0 WASTE STAGING/CONSOLIDATION AREAS

Construction staging areas will be used for temporary staging, material sizing and/or storage of

soil/debris between processing steps or to temporarily stockpile soil for transport The waste

staging/consolidation area at the landfill may include size reduction equipment to improve handling,

placement, and compaction charactenstcs of the waste Prebraing y staging areas may be used at the

Basin F Waste Pile and the lancifill The locations are preliminary and may be revised during the

design.

The waste staging/consolidation areas will be designed to prevent release of potentially contaminated

solids, liquids and vapors to the environment tbrough the use of liners, covers, containment systems,

run-on and runoff controls, and vapor contamment/treatment systeins (e g , covers or temporary

structures with ventilation and vapoi treatment eqmpment) as necessary The components of the

waste staging/consohdation areas will be designed to meet the regulatory requirements that are

applicable to that component
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7.0 LEACHATE MANAGEMENT SYSTEMS

Leachate generated from the landfill will be temporarily stored and either sent offslte for disposal or

treated in an onsite treatment system in accordance with all applicable regulations The onsite,

storage and/or treatment system will be designed in accordance with applicable regulatory require-

ments
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8.0 DE ECONTAMINATION FACILrT IES

Decontamination facilities will be constructed to decontaminate conbtruction and operation

equipment Decontaminati on facilities Win potentially be located in the vicinity of the Basin F Waste

Pile and the landfill The landfill decontamination facilities will be designed to decontaminate, as

necessary, equipment leaving areas of contamination and will be used over a multa-year period

extending from landfill construction i o closure Decontamination facilities that may be associated

with the Basin F Waste Pile closure will be designed to decontaminate, as necessary, equipment

leaving the excavation to transport waste to the landfill These facilites will have shorter operating

lives than the landfill facility and will use materials and construction methods commensurate with

their operating Yespan.

DecontAmination facilities will typically be equipped with a pressure washer, mechanical scrubbing

equipment (e g , brushes), concrete or geomembrane liner decontammation pad, wash water

collection sump, wash water transfer equipment, and wash water storage and treatment equipment

Pressure washers and brushes may be used to remove contaminated material from equipment and

personnel leaving areas containing potentially contammat dmatenalWashwater Will be appropn-

ately managed onsite or offsite Solids collected during decontamination will be dried to pass the

paint filter test and placed in the landfill

Decontamination facilities vvffl be designed to prevent release of potentially contaminated wash water

to the environment through the use of cont-ginm ent curbs, collecton sumps and splash containment

Tank systems that will be designed I o meet applicable regulatory requirements may include a waste

water storage tank, settling tank and detergent/chemical storage tanks
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Appendix 8

9.0 BASIN F WASTE PILE DRYINGUNIT

A drying unit will be constructed to dry Basin F Waste Pile solids that do not pass the pamt filter test

before placement into the triple-lined cell(s) of the landfill There are approximately 600,000 cubic

yards (cy) of Basin F materials that will be placed into the lanffffl An estimated 100,000 cy of waste

pile materials are assumed to require drying prior to placement in the landfill (Foster Wheeler, 1995)

As described in the DAA, the drying system may consist of a direct or indirect-fired heating unit

used to increase the soil temperature and drive off moisture The off-gases from the dryer will be

collected and treated

The drying unit will be designed to prevent release of potentially contaminated solids, liquids, and

vapors to the environment through the use of containment systems, run-on and runoff controls, and

vapor treatment systems, as necessary Components of the drying unit will meet the regulatory

requirements that are applicable to that particular component
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Ap"ndix B

10.0 ACRONYMS

Army U-S Department of the Army

Borrow Study Report Final Feasibility Study Soils Support Program Report

CAMU Corrective Action Management Unit

CCL Compacted clay liner

CDD CAMU Designaton Document

CDPHE Colorado Department of Public Health and Environment

cm/s centimeters per second

COE U S Army Corps of Engineers

Conceptual Remedy Agreement for the Cleanup of Rocky Mountain Arsenal

CQA Constructon Qualyty Assurance

cy Cubic yards

DAA Final Detailed Analysis of Alternatives

EPA US Environmental Protection Agency

EPA Design Guide to Technical Resources for the Design of Land Disposal Facilities
Resource Guide

FFA Federal Facilities Agreement

FML Fle)able membrane liner

FS Report Final Landfill Site Feasibility Report for the Feasibility Study Soils Support
Program

FWS U S Fish and Wildlife Service

GCL Geosynthetic clay liner

H= Hydrologic Evaluation of Landfill Performance

BIA Harding Lawson Associates

LCS Leachate Collection System

LDS Leak Detecton. System

RMA. Rocky Mountain Arsenal

RUSLE Revised Universal Soil Loss Equaton
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Shell Shell Chemical Company

SCS Soil Conservation Service

State State of Colorado

USCS Umfied Soils Classification System

USDCM Urban Stormwater Drainage Criteria Manual

USLE Universal Soil Loss Equation
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Table 81.- CAMU Landfiff Deskjn Parameters

Reaultaut
Vissign Itslm Component Performance Standards' Design Guidencob Design parameter DemonstraSonc Design CrIlarlad

1 Layout of CAMU individual cell layout Balance minimizing land area on which waste Applicable portions of the Conceptual Remedy Technical feasibility and review of layout To be determined following design
Land fill Development and size will remain after closure and maintaining and CAMU regulations concepts by the parties, followed by detailed, analysis

Aram minimum 20-foot depth to groundwater design analysis of the selected layout
Provide compatible scheduling of landfill configuration
capacity versus waste generation Provide for
flexible expansion of landftll cell volume
within the defined CAMU loo(print

2 Foundations Silo 800108yi Geolechnical index paramolmrs. goological
engineering profiles, ropýesentatlva construction drawings
characterization (plans and specificallons)

Sattletnent (total and Prevent failure of the llnoý and other landfill Address the potential for a falling groundwater Engineering analysis Allowable settlement to be selected
difierantialy components due to settlement and subsidence table following analysis
consolidation

Bearing capacity Proven, failure of the fillor and other landfill Engineering analysis Allowable settlement to be selected
components from failure due to loading following analysis

Potential for @=oss Prevent failures dus t3 hydrostatic pressure Evaluate hydrostatic pressure caused by Enghlooring analysis To be selected following analysts
hydrostatic prossura groundwater or infiltration of surface water as

applicable

Seismic Building and earthen structures will withstand Engineering analysis To be selected following analysis
considerations seismic stress"

3 Slope Stability Cover slop" Prevent failure of the landfill cover compo- Engineering analysis To be *elected following analysis
nsuls,

Excavated and Provend slope failure during owavation call Engineering analysis To be selected following analysis.
cDastruicted a6pas construction and waste placement

219D7 7061111 1 1 of 6
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Table 81 (contlitmod)

Resultant
Design man COMPOMKI Performance Standards' Desip Guldanceb Dvaip Parameter Damonstradca" Design Crilaria'I

4 Landfila Liver Composite liners Roduce potential for contaminant transport Double or triple lined calls as outlined in the Standard practice and engineering analysis The total cumulative thickness of CCL
Systems (also me general from the landfill and design leachats removal applicable portions of the Gonceplual Remedy Compatibility testing. within the multiple liner system will be a
requirements for components to maintain a leschate depth less minimum of 6 fast thick Two composite
(2) foundations and than L fool over the liner Provide natural and liners, each ofwWh consists Ora
(3) slope stability) synthetic materials that are compatible with minimum 3 fee, thick CCL and Wroll

expected waste generated leachate minlantm FML an top will be provided
An alternative design thickness for the top
CGL may be allowed with supporting
equivalence demonstration If the total
minimum CCL thickness remains 6 feet
and if the minimum thickness of the
botto4n CCL remains 3 feet

Lowermost composite Composite liner will consist of a
liner minimum 3 foot thick GCL with a

minitnam Wmil FMI on top

Uppermost Cowl"He liner will consist of a
counpO4116 liner minll 3 Foot thick CCL with a

minhown 00 mil FML On top An
akernative design thickness fbr the top
CCL may be allowed with supporting
equivalancedenumstration if the total
minimum CCL thluknest; remains @-fee(
and if the minimum thickness of the
bottom GCL remains 3 feet

Tertiary composite Coenporfle liner $hall consist Ora
liner minimum 3 feet thick CCL with a

mirdmum 00-mil FML on top An
alternative mmterial and thickness In Bau
of CC4 way be considexred based an a
supporting doutionstration of engineering
perimmanos

Borrovdclay liner Provide sufficient quantity of satisfactory ]ý<Ixio' cub's Goo4schnical ludwc parameters Index Wing. TwIfill analysis for conductivity To be selected following analysis
material material a[ a rate that Is sufficient to most the for the clay liner Nurbarials; will fall within a constructability water content ahsraUonj6

construction schedule. Provide material that is range considered by the last fill analysis scarification rsqulremszstsý and methods of
ompatible with leachate amending soil Ifratiatrod Hugloseringanelysis

of bearing capacity, s9ttleassurt, and slope
stability, compatibility testing, and evaluatknu

21007 705011 1 2 of 6
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Table Bi (centinuod)

O"Ir now Component Performance Slamdards' Doolp Guldiuscob Desip Parameter Donaeash"ON? Doflp CrIleded

Subgrade (excavated Provide stable foundation capable of providtn8 Evaluate the potential for and develop, if Engineering analysis of slope stability, heart% To be selected foHowing analysts
sideflopes) support to the lining system and realstancs to uscessary, methods to proved hydrostatic capocky, conetructability. hydrostatic fallurs,

pressure above and below (be liner to prevent failure during constructlom and waste and sultablilly, of subStodo materials. Subgrado
liner system failure dus to soillement, placement Provide a suffable subgrado fireo of and borrow source suitability will be votified
compression, or uplift soft spots. organics, or unsuitable materials using motbods Identified during design that

Subgrads evaluations will be pwrfoamod may include soil mapplv& sod ckesification.
Methods such as proof rolling. visual and grain sin analysis
observation or soil mapping may be employed
to ovalusto subgrado condition

SubSrads (bottom) Provicts stable foundation capable of providing Evaluate the potential for hydrceotatia failure EnSittoorinS analysis of sattlement, boning Remove a minimum of 3 feet of soil
support to the lining system and resistance to Develop if necessary, methods to provent capecky. buildup of hydrostatic pressure and coarser than SM and replace with
pressure above and below the liner to prevent foundation failure due to excess hydrostatic suitability of aubgrade materials structural fill that classifies as Raw than
liner system failure due to settlement, pressure during construction and wade SM
compression, or uplift placement Provide a suitable subgrads five of

soft spots, organks. or ansultable materials
Subgrado evaluations will be parlbrmad
Methods such as proof rolling, visual
observation. or soil mapping way be employed
to evaluate subgrade condition Provide
materials for backfill that are ftner than SM
Abandoned wells and borines should be
addrossad to remove a potential migration
pathway Rooompacied bwkflU in the
subgrodo should be placed to provide a surface
with adequate settlement and bearing capacity
properties

Loschat. collection Maintain loss then I foo- of Uschab on the Design system to maintain minimum I percent &WInowtv analysis Chamloal compatibility To be solooWd following andysla.
system. general underlying liners throughout the active life and slope and control clowng. Approaches to evaluation and testing of leacbets oalloclion

podulcows period Proved failure of the WS mitigate clogging will be evalua%d during system components to demonstrate louttsirm
duo 6o settlement, loodlu& wad* design and may include f1krotion. Flushing. *W perfiormonce
Incompatiblhty, and cloong throughout the
active Iffe and post closure period

Loacbms oolochm Maintain lose than I Soot of loschato an the Provide granular material which has a Engineering analysis D- drAs solocted. To be selected flaHowing analysis.

5YA-, sm-dar Immediate underlying FM hydraulic conductivity 2:0.01 cmihL granular WaIKkI Will Provide ftdDqWU
material drainage under surcharge

21QD7 705oll 1
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Table 01 (continued)

Itasult"i
Design HOW Component Performance Standards' Design Gaideaceb Design Parameter Demosairaltion' Design Crtiorint

Leachate collection Maintain less then 1 foot of loachate on tha Use ofa gootextile to prevent silting Useofa Engineering analysis Performance of To be selected following analysis
system synthetic immediate underlying FMIL Boonst with a ItansmIssivity aaxio' aq ints synthetics as the only drainage material will
material require a demonstration that syrttlietic drainage

materrial provides equivalent performance to
granular material Demonstrate adequate
porktrinance taxler surcharge

1,eachate collection To the GAtent necessary to drain the I.CS to Prevent clogging through design and EnSinstedug analysis of leachals flow velocities To be selected following analysis
syst-, piping maintain less then 1 foot of leachate on the maintenance of self flushing flow velocities
system Immediate underlying FML, provids for

drainage of the granular or synthetic drainage
madia

lAachate ooAlecilon Allow for removal and measurement of 13jiginserlut; analysis of lewbate flow valoattles, To be selected following analysis
system sump lowhate, accessibility and oonriructablitty

Laak detection M&W the above pir-formance standards for the Appll-:able guidance presented above for the Applicable engineering analysis presented To be selected following analysis
system )eschate collection system leachate collection system abo" for The leachate collection system.

FML Reduce the area on which (he loachate head 60-mil injulmum thickness; Engineering analysis of material properties to To be selected folknving analysis
pressure is Imposed an the underlying CCL match The design sirsesse Compatibility Minimum 00-mil thickness
Provide matsdal that Is compatible with the evaluation and testing.
lowhate

Protective soil layerr Protect the linw from fro&( and construction Tl&knm >42 inches for f5rost protection In To be solacrted following analyst&
damage Colorado, my consist a contaminated soil that

is free of deleterious substanove;

5 Covers General Accommodate settlement to maintain cover EPA Cover Guidance Krigingstring auslysu of slops stability Cordigurat6on to be ftnalized following
Integrity and promGle gravity dralnep to the evittlamoct, bearing capacity, selsunic pre"units, analysis
purimetter Maintain final slopes and vegetative W migratton, erosional effects (wind and

water). to evaluate long-term perfixuumos,

Vegetation Final oovw skqm will be revagetstod Appropriate portions of the conospilual remady Identification of vegetation that waste To be selected following analysis
select spWJG6 10 provide for adaptive, even requk-evits
distribution of vegetation with long term
restalanos to disease and plaut succession.

21007 7050111 4010
022=120B GDD



Table Si (continued)

Resultant
Design Item Component rg.. qsj.&4 Design Guldancob Design Parameter Demonstration' Design Criterled

Upper vegetative soil Provide an everi4vempirafkm Saver VcAwt Appropriate portions of the Conceptual Engineering analysis of vegetation To bo selected Ulowing analysis
layer lower C-ovee C ýFWHWIOS hoss 64-10" offm to Remedy and DAA (minimum thickneas of evapotranspiration, wasion. and water stGraga

and FroemAhaw cyriat and provide 16-4 48 Inches)
ratontion of Infiltration

Blots. barrw Minimize burrowing animal and plant root Material riornposition to be selected through To be selected following analysis
capillary break ivirusion into underlying layers of the cow engineering analysis of cover material

Provide a capillary break to reduce the amount
of Infiltration reaching the drainage layer and
Increase moisture retention in the water stomp
layer

Drainage layer Maximize gravity droinage of Infiltration from K2: 1XIO zcnVs Engineering analysis of drainage through cover To be selected Wowing analysis
the cover Protect cover FML from blots barrier Engineering analysis to demonstrate flow
during construction velocities in piping will promote self cleaning

end reduce clogging

Combine with biots. barrier If engineering

:nslysis indicates that blots layer will function
d4quately as a drainage layer

FML Sao standards for liner system Compatibility
evaluations may be required

Clay finv Minimize Infiltration into the underlying waste Minimum 2 fee, of clay with Ks ix1O 7 cints Engineering analysis to determine sattability of To be selected fbilowing analysis An
clay material alternative for the clay In the low

permeability layer may be oomideired
based on a demonstration acceptable to
the CDPHE that onginesting performance
of alternative materials Is equivalent to
cover designs using a CCIJFML composite
design

Gas vording system Prevent the development of landfill gas Engineering analysis of Sea production ral" To be selected following analysis
pressure that would impact the Intogrity, of the and required W permeability of the venting
landfill cover system

ower subgrade Provide a stable surface for Installation of the Engineering analysis to soled required To be selected following analysis
cover thickness and material

21OD7 705011 1 5 of a
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Table 81 (continued)

Resultant
Design Rom CAMPonval Perfocinance Standardsa Design Guidancob Design Paramebw Deasonstration* Design CrH.&4&d

6 Ron ONA1.2off General Provide run on control system capable of Engineering drawIn6s profiles and calculations To be selected following analysis
pmenAng flow onto the active portion of the to mize system including estimates of peak flow
landfill ducing peak discharge from at least a rates erosion pofordial managensom ofwalar
IOD-year storm Provide a runoff management systems separation of run-on and runoff
system to collect and control at West the water previsions for retention of runoff
volume resulting from a 24 hour 100 year
&term

CAMU Corrective Action Management Unit
CCL Compacted clay liner
CDPHE Colorado Doporlmenf of Public Health and Envlronment
WrIs Centimeters per second
DAA Detailed Analysis of Allonativ*j Version 4 1 Foster Wheeler, October 190
FML Flexible membrane liner
ft Feet
K Hydraulic conductivity
LJCS Leachate collection system
SM Silly sand (Unified Sol] Classification System)
sq We Square maters par second

a Performance standard an objective for design that Is based on a regulatory requirement regulatory guidance and/or standard pra.-lice
b Design gaidanca standard engineering pron-ilea reference manuals and design elements that have been Identified In reSulalcry guidance or have been demonstraled by past practice to meet the pwfbrmnce startdords
c DesItinparametardamonstratfon analysis required to demonstrate that the design criteria will provide for owifornsanee with the design guidance and the performance standard
d. Resulfare design criteria specific elements of design that have been shown by supporting analytical demonwiration to meet the related performance standard

21907 705DI 1 1 Oafs
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Facilities within Corrective Action Management Unit (CAMU) Areal Configuration Explanation

Al Basin F Waste Pile Drying Unit Arsenal Boundary
A2 Waste Staging/Consolidation Area

Study Area Report Boundary
Decontamination Facility

is Area of Contamination BoundaryNote: Locations of specific facilities
within the CAMU are subject
to change 23 CAMU Areal Configuration4 19 1 20

Landfill Principal Threat Volume;
RCRA-Equivolenf Cap

22 0
El

Landfill CAMU Caps/Covers
Areal Configuration

Basin F Waste Pile 
Direct Solidification/Stabilization

Dryin 0
AV 

Unit
C Areal Hex Pit Excavation
Configuration -S"

EJ
Landfill Human Health Sailf

27 30 Consolidation of Biota Soil

2
Landfill Human Health Soil

/28
Landfill Site171

Soil Covers

Agent Screening Area
00 (Caustic wash/landfill)

Unexploded Ordnance Screening
34 31 0 11 32 Area (Detoncition/landf ill

0 U
Surficial Soil Consolidation

0
Access Restrictions

5 Section Number

EJ
Refuse from the Sanitary Landfills
Medium Group will be consolidated

2 Wastepile material will be dried prior to
4 6 ondfifing if point filter test is failed

Prepared for:
Program Manager for
Rocky Mountain Arsenal

-N- Commerce City, Colorado

Prepared by: Tetra Tech EC Inc.

2 7
Figure 31

500 3000

Sýde -in Fi,i,t Proposed Corl-rective Action

F-1 Management Unit Areal
Configuration
Rocky Mountain Arsenal
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Oct. COMPACTED CLAY LINER t row RINIVISIA

FML FLEXIBLE MEMBRANE LINER k%fil OT, ý 0%
NOTES, SUMP LEACHATE

1 THIS DRAWING HAS BEEN PREPARED TO ASSIST IN DESIGNATING CLEANOUT PIPE COLLECTION PIPE
THE CWU AND IN MAKING THE PAPT If STING DEMONSTRATION

LEAK DETECTION
2 LENGTHS OF LAPS SPLICES OR PATCHES SHALL BE DETERMINED DURING PIPES

FINAL DESIGN AND SHOULD BE COORDINATED WITH THE MANUFACTURER REINFORC PAD
OF THE SUBJM GEOSYNTHETIC -- SLOPE TO--BpAft

3 ALL DIMEIMONS (SLOPES THICKNESSES LENGTHS DEPTHS ETC) SHALL PROTECTIVE SOIL
BE DETERMINED DURING DESIGN LAYER 5

4 ALL GEOSYNTHETIC: LAYERS ARE EXAGGERATED FOR CLARITY
TFKXNESS WILL VARY

5. LEACHATE REMOVAL, SUMP ACCESS FLUSHING OPERATIONS AND ASSOCIATED IILJý ANCHOR TRENCH
FUNCTIONS WILL BE CAREFULLY ANALYZED DURING DESIGN WITH CONSIDERATION <
GIVEN TO THE OPERATING KNOWLEDGE GAINED FROM THE BASIN F WASTE PILE PENETRATION OF FML WITH LEAK DETECTION
GEOTEXTILE FILTER FABRICS SHOULD BE CHOSEN TO HAVE ADEQUATE FILTRATION PIPES SHALL BE PROTECTED WITH FMLESI NS MAY BE REQUIREDCHARACTERM11CS To AVOID CLOGGING ALTERNATIVE SUMP D C PIPE BOOT PER MFG
PROVISIONS FOR SLW/PIPING CLEW-OUT SHALL BE PROVIDED DURING DESIGN SEE DETAIL

6 ALL DETAILS AND SECTIONS REPRESW TRIPLE-LINED SYSTEMS Q D
UNLESS OTHERWISE NOTED STRUCTURAL FILL

7 THE DES" IS NOT RESTRICTED TO THE COWIPONENTS/LAYOUT SHOWN ON THIS DRAWING ALTIiIWTIVE
COMPONENTSMYOUTS MAY BE EMPLOYEID PROVIDED THE PERFORMANCE STMDARDS FOR THE LANDFILL ARE
MET AS DESCRIBED IN THE DESIGN NARRATIVE ALTERNATIVE COMPONIENTS/Lokyom ARE SUBJECT TO
CDPHE REVIEW AND APPROVAL COPHE MAY REQUIRE THE USE OF SPIECIFIC OOMPONENTS/LAYOUTS TYPICAL RISER CROSS-SECTION /-A
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GEI;ý CCL. COMPACTED CLAY LINER

GFI GRANULAR MATERIAL FML FLEXIBLF AIEMBRANE LINER
GrE SUMP CLEANOUT PIPE
LONEr 3 (MIN)
FML LEACHATE COLLECTION NOTES

1 THIS DRAWING HAS BEEN PREPARED TO ASSIST IN DESIGNATINGSUMP CLEANOUT Pl;ý THE CAMU AND IN MAKING THE PART 11 STING DEMONSTRATION
PROTECTIVE SOIL LAYER

2 L04GTM OF LAPS SPLICES OR PATCHES SHALL BE DETERMINED DURING

UPPEJWjOST CCLL,/ FINAL DES" AND SHOULD BE C-OORoINkTED WITH THE MANUFACTURER
OF THE SUBJECT GEOSYNTHEnC

TERTIARY CCL LL , , I I 3 ALL DIMENSIONS (SLOPES THICKNESSES LENGTHS DEPTHS ETC) SHALL
BE DETERMfNED DURING DESIGN

LOWERMOST CCL 4 ALL GEOSYNTHETIC LAYERS ARE DWX-ERATED FOR CLARITY
THICKNESS WILL VARY

LEA"TE REmCVAL. SUMP ACCESS, FLUSHING OPERATIONS AND ASSOCIATED FUNCTIONS WILL BE
CAREFULLY ANALYZED DURING DESIGN WITH CONSIDERATION GIVEN TO THE OPERATING KNOWLEDGE

2 GAINED FRW THE BASIN F WASTE PILE GEOTEXTILE FILTER FABRICS SHOULD BE CHOSEN TO HAVE
LEAK DETECTION ADEQUATE FILTRATION CHAR&CTERISTICS TO AVOID CLOGGING ALTERNATIVE SUMP DESlGNS MAY BE

PIPES GRAVEL BEDDING REQUIRED PROVISIONS FOR SUMP/PIPfNG CLEAN-OUT SHALL BE PROVIDED DURING DESIGN

6 ALL DETAILS AND SECTIONS REPRESENT TRIPLE-UNED SYSTEMS
UNLESS OTIIERWISE NOTED

7 THE DESIGN IS NOT RESTRICTED TO THE COMPONENTS/LAYOUIT SHOWN ON THIS DRAWING
TYPICAL SUMP CROSS-SECTION rA-'ý ALTERNATIVE COMPONOM/LAYOUrs MAY BE EMPLOYED PROIADED THE PERFORMANCE STANDARDS FOR

THE LANDRIL ARE MET AS DESCRIBED IN THE DESIGN NARRATNE. ALTERNATIVE COMPONENTSAAMRSN.TZ alris ARE SUBJECT TO CDPHE REVIEW AND APPROVAL CDPHE MAY REQUIRE THE USE OF SPECIFIC
COMPONENT-)/LAYOUTS
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INDEX CONTOURS

- - - - - - - - APPROX LIMITS OF FINAL COVER

5260

NOTM

I THIS DRAVANG HAS BEEN PREPARED TO ASSIST IN DESIGNATING
THE CAMU AND IN MAKING THE PART 11 SITING DEMONSTRATION

2 THE CONTOURING PLAN SHOWN IS AN EXAMPLE LAYOUT
THE ACTUAL COVER SLOPES AND OVERALL CONFIGURA11ONS

- - - - - - - - - - - - - - - WILL BE DETERMINED DURING DESIGN

3 T14E DESM IS NOT RESTRICTED TO THE OOMPONENTS/LAYOUT
SHOWN ON THIS DRANING ALTERNATIVE COMPONENTS/LAYOUTS
MAY BE EMPLOYED PROVIDED THE PERFORMANCE STANDARDS FOR
T14E LANDFILL ARE MET AS DESCRIBED IN THE DESIGN NARRATIVE
ALTERNATIVE COMPONENTS/LAYOUTS ARE SUBJECT TO CDPHE

- - - - - - - - - - - - - - - - - - - - - - - REVIEW AND APPROVAL CDPHE MAY RECANRE THE USE OF
SPEC*IC COMPONENTS/LAMM
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5290 DETAILS SEE DRAWING C-10 TYPICAL ACCESS 5290
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SEE SECTION C_ 72
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TYPICAL TRIPLE-LINED CELL AND COVER CROSS-SECTION-qNTS c
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HORIZONTAL SCALE IN FEET
FOR TYPICAL DRAINAGE
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5250 EXISTING GRADE 5250
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5230 5230 NOTES

R17 SEE SECTION D 1 5=0 1

5210 5210 THIS DRAWING HAS BEEN PREPARED TO ASSIST IN DESIGNATING

5200 
3 (MIN) 52DD THE CA4U AND IN MAXING THE PART 11 SITING DEMOSISTRAT)ON

5190 TYPICAL UN[rý,SYSTEM 5190 2- ALL FINAL DIMENSIONS (SILOPES THICKNESSES LEN)GTHS

518D SEE DETAJ 51 SO DEPTHS ELEVATMS ETC ) SHALL BE DETEIRMINED DURING DESIGN

5170 5170 3 ACCESS ROAD AREAS MAY BE REGRADED DURING DESIGN
TO DEVELOP DRAINAGE CHANNELS. SEE SHEET C-10

4 THE DESIGN 15 NOT RESTIN=, TO THE COQIPONENTS/LAYOUT
SHOWN ON THIS DRA)MNG ALTERNATIVE CDMPONENTS/ILAYOUTS

TYPICAL TRIPLE-LINED CELL AND COVER CROSS-SECTION JB-'ý WAY BE EMPLOYED PROVIDED THE PERFORMANCE STANDARDS FOR
N.T-S. THE LANDFILL ARE MET AS DESUMED IN THE DESIGN NARRATIVE.

ALTERNATIVE 0DWONENTS/1-AYOUTS ARE SUBUIECT TO CDPHE
REVIEW AND APPROVAL CDPHE MAY REQUIRE THE USE OF
SPECIFIC COMPONENTS/lAYOUTS
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TO BE DETERMINED DURING DESIGN 4 MIN
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- - - - - - - - - - GEONET 1 THS DRAWING HAS BEEN PREPARED TO ASSIST IN DESIGNATING 4 ALL FINAL IXMENSK)NS (SLOPES THICKN LENGTHS DEPTHS ETC SHALL

GEOTE)MLE THE CAMU AND IN MAKING THE PART 11 SITING DEMONSTRATION BE DETERMINED DURING DESIGN

FLEXIBLE M54BWC LINER (FMQ 2- TOE DRAIN TRENCH SHALL BE DESIGNED TO POSITIVE DRAIN AND 5 ALL GEOSYNTHETIC LAYERS ARE EXAGGERATED FOR CLARITY
CONSTRUCTED TO AVOID DAMAGE TO THE UNDERLYING GEOSYNTHETIC THICKNESS WILL VARY

CCL COMPACTED CLAY LINER MATERIALS DIMENSIONS ARE TO 13L DETERMINED DURING DESM 6 THE DESIGN IS NOT RESTRETED TO THE COMPMMS/LAYOUT SHOWN ON THtS

I UWrHS OF LAPS, SPI-ICES OR PATCHES SMALL BE DETERMINED DURING DRAWING ALTERNATIVE COMPONENTS/LAYOUTS MAY BE EMPLOYED PROVIDED THE

DES" AND SHOULD BE COORDINAFED WITH THE MANUFACTURER PERFORMANCE STANDARDS FOR THE LANDFILL ARE MET AS DESCRIBED IN THE DESIGN
NARRATIVE ALTERNATIVE COMPONENTS/LAYWTS ARE SUBJECT TO CDPHIE REV" AND

OF THE SUBJECT GEOSYNTHETIC. APPROVAL CIDPHE MAY REOUIIRE THE USE OF SPECIFIC COMPONENTS/LAYOUTS
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SEE NOTE 4 RUNON CONTROLS
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D(ISTING DRAINAGE WAYS PROPOSED FOR USAGE 4

t 
cen 77 NEW/D(TENDED DRAINAGE WAYS

----------- - INDEX CONTOURS (10

Q INTERMEDIATE CONTOURS (2

2z 
NOTES. 

Ep

IN DESIGNAnNG't1 THIS DRAWING HAS BEEN PREPARED TO

DIVERT -NOiE 
THE CAMU AND IN MAKING THE PART 11 SITING DEMONSTRATION

CHANNEL 2. RUN-ON CONTROLS SUCH AS DITCHES BERMS SWALES ErC SHALL
BE IMPLEMENTED PRIOR TO CONSTRUCTION OPERATIONS TO

AS W=NRED, WERT RUNON AWAY FROM ACTIVE WASTE MANAZEMENT ARM
WASTE MANAGEMENT AREAS MAY INCLUDE LANDFILL CELLS WASTE TREATMENT
AREAS AND DECONTAMINATION FACILITIES THESE DIVERTED FLOWS
SHALL BE DIRECTED IN A CONTROLLED MANNER TO E)=NG

ke, DRAINAGE WAYS__j
3 DURING OPEN CELL OPERATIONS RUNOFF CONTROLS SHALL BE

INSTALLED AND MAINTAINED TO COLLECT FLOWS FROM THE LANDFILL
APP CELL AREA, AND OTHER WASTE TREATUENT/HANDUNG ARM THIS

/0 COLLECTED RUNOFF SRALL BE CHANNELED TO RETENTION
CREEK PONDS AND HANDLED AS DISCUSSED IN THE DESIGN NARRATIVE

ONCE THE CELLS ARE COVERED COLLECTED FLOWS FROM WITHIN

ýtt 
THESE AREAS MAY BYPASS THE RETENTION PONDS AND BE
DIRECTLY DWHARGED TO EXISTING DRAINAGE WAYS

3TING DRAINAGE WAYS DESIGNATED TO RECEIVE FLOWS FROM THE
ED DIVERSIONS %IALL BE ANALYZED FOR ADEýUATE

CAPACITY SOME ENHANCEMENTS MAY BE REQUIRED IDMENSIONS TO
EYJSTING DRAINAGE WAYS MAY ALSO BE NECESSARY

5 FOR ADDITIONAL INFORMTION ON THE SAND CREEK LATERAL
REMENATION SEE THE DETAILED ANALYSIS OF ALTERNATIVES
VOLUME IN CHAPTER 18

6 THE DESIGN IS NOT FESTR?CTED TO THE COIAPONENTS/LAYOUT SHOWN ON THIS
DRAWING ALTERNATYL COMf"dNI7S/LAYOUTS MAY BE EMPLOYED PROVIDED
THE PERFOF60NCE STANI)ARDS FOR THE LANDFILL ARE MET AS DESCRIBED IN
THE DESIGN NARRATrVF ALTERNATIVE COMPONIENTS/LAYOUTS ARE StWECT TO
CDPHE RE\IEW AND APPROVAL CDPHE MAY REDUM THE USE OF SPECIFIC
COMPONENM/LAYOUTS
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SECTION SE910

TYPICAL CELLS DURING OPERATION TY-JICAL COVER/CELLS AFTER CLOSURE
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NOTIES. INTERIM
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I THIS DRAWING HAS BEEN PREPARED M ASSIST IN DESIGNATING ACCESS CHANNEL SEE DRAWING C-3 FINAL SEE DRAWING C-6
THE CAMU AND IN MMING THE PART II SITTING DEMONSTRATION ROAD SEE DRAINAGE CHANNEL (TYPICAL)SEE NOTE 3

NOTE 3 (SEE NOTE 2)

REMOVE ROAD

2 REGIRADE AC= THE ROADIWERSM SWALE AREA TO DEVELOP ADEOLIATE (SEE NOTE R
FLOW AREA FOR THE FINAL DRAINAGE DITCH SYSTEM

3 ALL DIWENS04S (SLOPES THICý LENGTHS DEPTHS ErC) AND Aý
PROVISIONS FOR EROSION CONTROL SHALL BE DETERMINED DURING DESIGN

4 THE DESM IS NOT REMIRICTED TO THE COMI"ENTS/LAYOUT SHOWN
ON TI-IS DRAWING ALTERNATIVE COMPOND(TS/LAYOUTS MAY BE
EMPLOYED PROVIDED THE PERFORMANCE STANDARDS FOR THE LANDFILL
ARE MIET AS DMCRIBED IN THE DESIGN NARRATIVE ALTERNATIVE
COMP0NE?,rrS/LAYOUM ME SUBJECT M CDPHE REVIEW AM APPROVAL TYPICAL CHANNEL DETAIL BETWEE CELLS TYPICAL CHkNNEL DETAIL BETWEEN CELLS /ý4ý
CDPHIE MAY REWIRE THE USE OF SPEC*-)C COMPONENTS/LAYOUTS. N TSý

ERM AVMý M _ZT S. DURING OPEN CELL OPERATION 
AFTER CLOSURE
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Attachment 82

CONCEPTUAL ENGINEERING ANALYSES



In the development of Table B1, CDPI-IE requested that certain conceptual engineering analyses be

performed on the conceptual design shown in Attachment Bi and included a component of this

design narrative These analyses are included in Attachment B2

The following conceptual engineering analyses were performed

Foundation settlement

Foundaton bearing capacity

Potential for excess hydrostatic pressure on the foundation

Excavated slope stability, including seismic considerations

Cover slope stability including seismic considerations

The results of these individual conceptual analyses indicate that the conceptual design will not be

severely constrained by these design considerations The design of the landfill will include a more

comprehensive evaluation of these and other design considerations
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Fig 22 1(c)

Unloading In Fig 2= values of swell index have been plotted

Upon unloading a soil sample in confined compression against the corresponding liquid limit. C, increases with

the sample expands, as illustrated in Fig 2P).5. The increasing liquid 11inut, but any relation between C, and

parameter most commonly used to measure the expansion w, will be only approximate.

is Reloading

C. - swell index = A log a. (221) If a clay is subjected to many cycles of load and unload,
the compression and recompression curves tend toward

C, is always much smaller than C, for virgin compression. each other, Le , .1 C. for recompressionj approximately'

This is illustrated by the data in Table 22 1 By consoli- equals C,
dating a series of specimens to different maximum. vertical The compressibility of a soil depends very much on the

stresses IN,. before unloading, a series of expansion stress level in relal ion to the stress history For example,
curves are obtained Such expansion curves tend to be we can see from Fig 20 5 that the compressibility of the
parallel. Note, for example, in Fig. 20.5 that the unload Cambridge clay is much greater in the virgin compression
portion from the first cycle and that from the second cycle range than it is in the recompression range; tlus means
are approximately parallel. Thus Cl is more or less the the compression iindex above U,, is much greater than

same for A a., below a,.. Tins important fact presents the engineer



212 INVESTir.ATION MZTHODS AND PROCEDURES

parameters measured, apparatus description,
and test performance is given on Table 3 36

5 A-- The data are normally used for correlations with
in situ test data

Range of data from 7 NC and OC clays,
fn with recommended average
M I I 'X_ I In Situ Testing

'04 A
Ail IMPORTANCE In situ testing provides the most

reliable data on the deformation characteristics
of rock masses because of the usual necessity to
account for the effects of mass defects from dis-H ; e continuities and decomposition

2 RMuiREmENTs Determination of moduli in situ
0000 requires that the deformation and the stress pro-

ducing it are measurable and that an analytical
'101-100 -
1 15 2 3 41y.L 6 7 8 910 method of describing the geometry of the =ess

Ovemonsolidation ratio (OCR) maximum post Ff /present ffl-p') deformation relationship is available

FIG 3 71 Normalized slp' ratio vs OCR for use in esti- Analytical methods are governed by the testing
method Modulus is the ratio of stress to strain,

mating OCR from q, in clays. [From Schmertmann (19n) and since strain is the change in length per total
Reprinted with permission of the Federal Highway length, the deflection that is measured during in
Adinmistration.]

situ testing must be related to the depth of the
stressed zone to determine strain The depth of

A the stressed zone may be determined by instru-
Compression in Sands

mentation. (see Chap 4), or the Boussmesq equa-
Sands and other coliesionless granular materials tions may be used to determine stress distribu-
undergo a decrease in void volume under tions The values for the modulus E are given in
applied stress, caused primarily by rearrange- terms of the test geometry, the applied pressure,

ment of grains (Art 3 5 4) Small elastic the deflection, and Poisson's ratio

compression of quartz grains may occur In most

cases the greater portion of compression is sTATic moDuLi Determined from plate-lack

essentially immediate upon application of load tests, radial lacking and pressure tunnel tests,

flat-lack tests, borehole tests (dilatometer and

Expansion Goodman lack), and trianal compression tests

An increase in volume occurs as a result of

reduction in applied stress, increase in moisture DYNAMIC MODuLi Determined from seismic

content or mineralogical changes in certain soil direct velocity tests (see Art 2 3.2) and the 3-D

and rock materials fsee Arts 3Z 4 and 10 6) velocity probe (sonic logger) (see Art. 2 3 6)

Relationships between seismic velocities and

353 ROCK DEFORMATION MEASUREMENTS dynamic moduli are given on Table 3 35 In

moduli computations the shear-wave velocity V,
Methods Siimmarized is used rather than the compression-wave veloc-

Laboratory Testing ity V,, because water In rock fractures does not

4- affect V. whereas it couples the seismic energy
Intact specimens are statically tested in the lab- across joint openings, allowing much shorter

oratory in the triamal and unconfined compres- travel times for P waves than if an air gap

sion apparatus, dynamic properties are mea- existed Dynamic moduli are always higher than

sured with the resonant column device or by static moduli because the seismic pulse is of

ultrasonic testing (ASTM 2845) A summary of short duration and very low stress level,
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ýNSOLIOATION SETTLEMENT CALCLItATKM

IRMA 93-03ý
HtA Pro)sd No 21907-705011 1
February 13, 1996
By A. Herlsohe Rovkw*d Bý

I Nooooling Watertabl* ChOW
Now FM Thickness (F"O 00

Now Fill Unk Weight (Pol 125

Layer Layer Depth (Feel) Layer Initial Prooonsol Stress; Ctmv* (PeO Final Compress Ratio Vertical Stain Change

No Top Bottown Aver*" Ttkknm Effective Pressure NOW water- EffeclNe Rebound Virgin ROOOMPMe " n In

(Fe" Stress (PA FM Table Stre" C*r coo Thickness;
Change. Onch")

4I oo 50 25 50 100 IS= 750D 0 78M 0005 0050 0006 0000 05

2 50 100 75 50 507 18000 7500 0 OW7 0005 0050 0 ODO 0000 04

3 100 150 125 50 $45 IS000 7500 0 8345 0005 0050 0005 0 ODO 03

4 150 200 175 50 1183 lam 7300 0 am 0005 0060 0 ON 0 Ow 03

5 200 250 225 50 1521 lam 7500 0 9021 0005 0050 0004 0000 02

a 250 300 275 50 1859 lam 7500 0 9359 0005 0050 0004 0000 02

ko-tal 300

H Aocounft for Watertable, Change
Now Fig Thickness (Fe" so

Now FM Unit Weight (POO 125

Layer Layer Depth (Fool) Layer initial Proooned Strm Chun (PsO FkW Comprreess Ratio Vertical Mrain Change

No Top Bottom Average Thickness Effootivo Prmw* NOW Water. EffeoWe Rebound Virgin Rwompress Vkgln in

(F"Q Stress (Pan Fill Table Stress car coo Thickness

(Poo ctww (inches)

1 00 5 0 2 5 50 lao lam 75M 15a 7825 0 OD5 0050 0 ODS 0000 0

2 50 100 7.5 50 507 lam 7500 408 8475 0 OD5 00501 0006 0000 04

3 100 150 12Z 50 845 19000 7500 780 9125 0005 0050 0005 0000 0.3

4 150 200 17.5 50 1183 lam 7500 1092 9775 0 OD5 0050 0 OrA 0000 0.3

a 200 250 2" 50 1521 18000 7500 1404 10425 0005 0050 0004 0000 03

250 30 0 27.5 50 180w 7500 1716 11075 0005 0050 0 GD4 0000 02 OD
TOW 3001



OONSOUDATION SETTLEMENT CALCULATIONS

RMA 93-03/CDD
HLA Project No M07-705,011 I
February 13,1996
By A Hodwhe R@vWwed By

I Negleating Waterlable Chong*

Now Fill Thickness (Feet) 30

Now Fill Unit Weight (Pop 125

Layer Layer Depth (Feet) Layer Initial Prooonsol Stress Cha e (Pop Flned Compt""s Ratio I VwUco1 Strain _ Change

No Top Bottom Average Thickness Effootive Pressure Now water- Effective Rebound Virgin I Rooompross; Virgin 11,

(Feet) Stress (Psi FBI Table Stress Cw Coo Thlokrms

I 
(Poo CLAýq (Pon 

Qnches)

00 50 25 50 ISO Is= 3750 0 3919 0005 0050 0007 0000 04

2 50 100 75 50 507 lam 3750 0 4257 0005 0050 0 OD5 0 ODD 03

3 100 150 125 50 $45 lam 3750 0 4505 0005 0050 0004 0 ODD 02

4 150 200 175 50 1183 lam 3750 0 4933 0005 0050 0003 0000 02

5 200 250 225 50 1521 lam 3750 0 5271 0005 0050 0 OW 0000 02

a 250 300 273 50 1850 18000 3750 0 Gem 0005 0050 0002 0 ODD 01

V-Otal 300

11 Awounting for Watertable Change

Now Fill Thickness (F"Q 30

Now Fill Unit Weight (Poo 125

Layw Layer Depth (Feet) Layer Initial prooonsol Stress Chan as (Pao Final Compression Ratio V*rtkw Strain Chang*

No Top Bottom Avw&ge Thickness Effective Pressure New Water- Effective Rebound Virgin Recompress Virgin In

(F"Q Stress (pop Fill Table Stress Cw Coo Thickness

I 
(Pao Change! (Poll 

(inches)

1 00 50 25 50 189 lam 3750 156 4075 0005 0050 0007 0000 04

2 50 100 75 50 507 16= 3750 468 4725 0005 0050 0005 0000 03

3 100 150 125 50 845 IMM 3750 780 5375 0 OD5 0050 0 OM 0000 02

4 150 200 175 50 1183 IBM 3750 1002 am 0005 0050 0004 0000 02

5 200 250 225 50 1521 lam 3750 1404 0675 0005 0050 0003 0000 0 2 a

a 250 300 275 50 1850 IaOOO 3730 1716 7325 0005 0050 0003 0 ODO 02

3001 1 5
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CONCEPTUAL FOUNDATION BEARING CAPACITY ANALYSIS
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CONCIEPTUAL ANALYSIS FOR EXCESS HYDROSTATIC
PRESSUIRIM ON THE LANDFILL FOUNDATION
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CONCEPTUAL EXCAVATED SLOPE STABILITY ANALYSIS
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pLTOMTIvE oompoNENTS/LAYOM MAY BE EMPLOYED PROVIDED 7HE DESIGN CRITERIA
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ROCKY MOUNTAIN ARSENAL/ROCK7
150 10 most critical surfaces, MINIMUM JANBU FOS 1.800
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ROCKY MOUNTAIN ARSENAL/ROCK7

150 300 surfaces have been generated for this analysis
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XSTABL OUTPUT

XSTABL

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1990
1nteractive Software Designs, Inc.

All Rights Reserved

Jean Lou Chameau
Purdue University

W. Lafayette, IN 47907

Ver. 3.00 1002

Problem Description : ROCKY MOUNTAIN ARSENAL/ROCK7

SEGMENT BOUNDARY COORDINATES

3 SURFACE boundary segments

Segment X-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 36.90 108.00 38.00 1
2 108.00 38.00 180.00 62.00 1
3 180.00 62.00 240.00 62.00 1

16 SUBSURFACE boundary segments

Segment X-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 33.40 108.00 34.50 2
2 108.00 34.50 180.00 58.50 2
3 180.00 58.50 198.70 58.50 2
4 198.70 58.50 240.00 58.50 4
5 0.00 33.15 108.00 34.25 3
6 108.00 34.25 180.00 58.25 3
7 180.00 58.25 189.00 58.25 3
8 189.00 58.25 189.70 58.25 2
9 189.70 58.25 198.50 58.25 3

10 198.50 58.25 198.70 58.50 -4
11 0.00 30.15 108.00 31.25 2
12 108.00 31.25 189.00 58.25 2
13 0.00 29.90 108.00 31.00 3
14 108.00 31.00 189.70 58.25 3
15 0.00 26.90 108.00 28.00 4

16 108.00 28.00 198.50 58.25 4



Y6

ISOTROPIC Soil Parameters

4 type(s) of soil

Soil Unit Weight Cohesion Friction Pore Pressure Wate3:'
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pcf) (pof) (Psf) (deg) Ru (Psf) No.

1 115.0 115.0 0.0 35.0 0.000 0.0 1
2 10.0 10.0 0.0 12.0 0.000 0.0 1
3 125.0 125.0 700.0 0.0 0.000 0.0 1
4 130.0 130.0 3000.0 0.0 0.000 0.0 1

A critical failure surface searching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

300 trial surfaces have been generated.

3 boxes specified for generation of central block base

Length of line segments for active and passive portions of
sliding block is 1.5 ft

Box x-left y-left x-right y-right Width
no. (ft) (ft -(ft)-- (ft (ft)L Les q. 11 -C-:44 ý S6

1 70.00 33.1$1 100.00 128 0.20
2 105.00 34.33 107.00 34.35 0.20
3 108.00 34.30 180.00 58.40 0.20

Factors of safety have been calculated by the

* * * * * MODIFIED JANBU METHOD

The TEN most critical of all the failure surfaces examined
are displayed below - the most critical first

Failure surface No. I specified by 12 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 84.49 37.76
2 85.44 37.03
3 86.84 36.49



4 88.26 35.99
5 89.45 39.08
6 90.67 34.20
7 106.95 ýz-34.26
8 175.09 56.75
9 175.72 58.12

10 176.72 59.24
11 177.17 60.67
12 177.44 61.15

Corrected JANBU FOS 1.800 (Fo factor =1.025)

Failure surface No. 2 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 71.11 37.62
2 71.54 37.26
3 72.80 36.46
4 73.86 35.40
5 75.33 35.06
6 76.82 35.00
7 77.91 33.96
8 34.29
9 56.58

10 175.92 57.65
11 176.77 58.89
12 177.16 60.34
13 177.96 61.32

Corrected JANBU FOS 1.892 (Fo factor =1.027)

Failure surface No. 3 specified by 12 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 93.30 37.85
2 94.09 37.24
3 95.33 36.40
4 96.44 35.39
5 97.50 34.33
6 106.99 34.42
7 169.77 54.92
8 170.70 56.09
9 171.38 57.43

10 172.38 58.55
11 173.42 59.63
12 173.69 59.90

Corrected JANBU FOS 1.910 (Fo factor =1.023)

Failure surface No. 4 specified by 14 coordinate points

Point x-surf y-surf
Nc. (ft) (ft)



1 80.00 37.71
2 81.18 37.53
3 82.41 36.66
4 83.72 35.94
5 85.13 35.43
6 86.21 34.39
7 87.71 34.22
8 89.20 34.19
9 106.91 34-40

10 171.65 55.53
11 172.63 56.66
12 172.83 58.15
13 173.24 59.59
14 173.27 59.76

Corrected JANBU FOS 2.023 (Fo factor -1.026)

Failure surface No. 5 specified by 13 coordinate points

Point X-surf y-surf
No. (ft) (ft)

1 88.39 37.80
2 89.15 37.16
3 90.21 36.10
4 91.54 35.41
5 92.67 34.42
6 94.14 34.17
7 106.39 34.30
8 170.70 55.23
9 171.68 56.37

10 172.49 57.63
11 173.42 58.81
12 174.47 59.88
13 174.56 60.19

Corrected JANBU FOS 2.037 (Fo factor =1.024)

Failure surface No. 6 specified by 11 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 93.02 37.85
2 93.84 37.07
3 95.05 36.18
4 96.25 35.28
5 97.31 34.22
6 105.96 34.32
7 179.90 58.27
a 180.74 59.51
9 181.79 60.58

10 182.38 61.96
11 182.40 62.00

Corrected JANBU FOS 2.054 ** (Fo factor =1.020)



P7 VI
Failure surface No. 7 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 69.80 37.61
2 70.72 36.78
3 72.22 36.73
4 73.54 36.03
5 74.75 35.14
6 76.03 34.35
7 77.50 34.04
8 106.96 34.42
9 179.95 58.31

10 183.01 59.37
11 183.63 60.74
12 182.50 61.96
13 182.53 62.00

Corrected JANBU FOS 2.085 (Fo factor =1.026)

Failure surface No. 8 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 78.46 37.70
2 78.47 37.69
3 79.67 36.79
4 80.98 36.07
5 82.38 35.54
6 83.79 35.01
7 84.97 34.08
a 106.65 34.31
9 167.42 54.14
10 168.38 55.29
11 168.91 56.70
12 169.49 58.08
13 169.89 58.63

Corrected JANBU FOS 2.088 (Fo factor =1.027)

Failure surface No. 9 specified by 13 coordinate points

Point x-surf y-surf
No. (J.2t) (ft)

1 88.95 37.81
2 89.09 37.66
3 90.59 37.53
4 91.83 36.69
5 92.89 35.63
6 94.31 35.12
7 95.54 34.27
8 106.18 34.39
9 176.05 56.98

10 176. 70 58.33



11 176.93 59.81 Ib
12 177.98 60.88
13 178.50 61.50

Corrected JANBU FOS 2.089 (Fo factor -1.023)

Failure surface No.10 specified by 14 coordinate points

Point X-surf y-surf
No. (ft) (ft)

1 87-03 37.79
2 87.58 37.27
3 89-02 36.88
4 90-29 36.07
5 91.59 35.33
6 92.66 34.27
7 94.16 34.21
8 95.66 34.19
9 106.86 34.26

10 157.07 50.77
11 158.09 51.87
12 159.07 53.01
13 159.68 54.38
14 160.52 55.51

Corrected JANBU FOS 2.094 (Fo factor -1.028)

The following is a sumnary of the TEN most critical surfaces

Problem Description : ROCKY MOUNTAIN JkRSENAL/ROCK7

Modified Correction Initial Terminal Driving
JANBU FOS Factor x-coord x-coord Force

1. 1.800 1.025 84.49 177.44 9193.
2. 1.892 1.027 71.11 177.96 9277.
3. 1.910 1.023 93.30 173.69 8414.
4. 2.023 1.026 80.00 173.27 8622.
5. 2.037 1.024 88.39 174.56 8509.
6. 2.054 1.020 93.02 182-40 9249.
7. 2.085 1.026 69.80 182.53 9595.
S. 2.088 1.027 78.46 169.89 8106.
9. 2.089 1.023 88.95 178.50 8898.

10. 2.094 1.028 87.03 160.52 6846.

* END OF FILE
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XSTABL OUTPUT 
a) 404 67

XSTABL

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1990
Interactive Software Desicyns, Inc.

All Rights Reserved

Jean Lou Chameau
Purdue University

W. Lafayette, IN 47907

Ver. 3.00 1002

Problem Description : ROCKY MOUNTAIN ARSENAL/ROCKIOA

SEGMENT BOUNDARY COORDINATES

3 SURFACE boundary segments

Segment X-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 36.90 108.00 38.00 1
2 108.00 38.00 180.00 62.00 1
3 180.00 62.00 240.00 62.00 1

16 SUBSURFACE boundary segments

Segment x-left Y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 33.40 108.00 34.50 2
2 108.00 34.50 180.00 58.50 2
3 180.00 58.50 198.70 58.50 2
4 198.70 58.50 240.00 58.50 4
5 0.00 33.15 108.00 34.25 3
6 108.00 34.25 180.00 58.25 3
7 180.00 58.25 189.00 58.25 3
8 189.00 58.25 189.70 58.25 2
9 189.70 58.25 198.50 58.25 3

10 198.50 58.25 198.70 58.50 4
11 0.00 30.15 108.00 31.25 2
12 108.00 31.25 189.00 58.25 2
13 0.00 29.90 108.00 31.00 3
14 108.00 31.00 189.70 58.25 3
15 0.00 26.90 108.00 28.00 4
16 108.00 28.00 198.50 58.25 4



ISOTROPIC Soil Parameters

4 type(s) of soil

soil Unit Weight Cohesion Friction Pore Pressure Watez
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pcf) (pcf) (Psf) (deg) Ru (Psf) No.

1 115.0 115.0 0.0 35.0 0.000 0.0 1
2 10.0 10.0 0.0 12.0 0.000 0.0 1
3 125.0 125.0 700.0 0.0 0.000 0.0 1
4 130.0 130.0 3000.0 0.0 0.000 0.0 1

A critical failure surface searching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

300 trial surfaces have been generated.

3 boxes specified for generation of central block base

Length of line segments for active and passive portions of
sliding block is 1.5 ft

Box X-left y-left x-right y-right Width
no. (ft) (ft) (ft) (ft) (ft)

1 80.00 30.83 100.00 31.02 0.20
2 105.00 31.08 107.00 31.09 0.20
3 108.00 31.12 189.00 58.12 0.20

Factors of safety have been calculated by the

MODIFIED JANBU METHOD

The TEN most critical of all the failure surfaces examined
are displayed below - the most critical first

Failure surface No. 1 specified by IS coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 79.96 37.71
2 80.26 37.45
3 81.52 36.64



4 82.62 35.62
5 83.69 34.57
6 85.15 34.22
7 86.60 33.84
8 87.74 32.86
9 88.93 31.96

10 90.00 30.90
11 106.78 31.01
12 180.40 55.16 7"JI

13 181.12 56.48
14 182.08 57.63
is 183.08 58.74
16 183.32 60.22
17 183.94 61.59
is 184.04 62.00

Corrected JANBU FOS 2.547 ** (Fo factor =1.049)

Failure surface No. 2 specified by 20 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 87.50 37.79
2 87.63 37.66
3 89.07 37.25
4 90.16 36.22
5 91.24 35.17
6 92.40 34.23
7 93.66 33.41
8 95.16 33.40
9 96.23 32.35

10 97.69 32.03
11 98.81 31.02
12 106.82 30.99
13 175.11 53.40
14 175.60 54.82
15 176.11 56.23
16 176.88 57.52
17 177.61 58.83
is 178.67 59.89
19 179.72 60.96
20 180.34 62.00

Corrected JANBU FOS 2.586 (Fo factor =1.050)

Failure surface No. 3 specified by 18 coordinate points

Point X-surf y-surf
No. (ft) (ft)

1 76.53 37.68
2 76.70 37.62
3 77.96 36.80
4 79.13 35.86
5 80.52 35.30
6 81.97 34.94
7 83.42 34.54



8 84.72 33.80
9 86.21 33.60

10 87.39 32.68
11 88.62 31.81
12 89.79 30.88
13 106.97 31.06
14 187.81 57.67
15 188.70 58.88
16 189.04 60.34
17 190.10 61.40
is 190.20 62.00

Corrected JANBU FOS 2.648 ** (Fo, factor =1.047)

Failure surface No. 4 specified by 17 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 91.85 37-84
2 92-85 36.84
3 94.15 36.08
4 95.38 35-23
5 96.48 34.21
6 97.55 33.15
7 98.61 32.10
8 99.72 31.09
9 106.88 31.05

10 176.14 53.79
11 177-07 54.97
12 177.61 56.37
13 178.64 57.46
14 179.26 58.82
15 179.48 60.31
16 180.35 61.53
17 180.54 62.00

Corrected JANBU Fos 2.712 (Fo factor =1.048)

Failure surface No. 5 specified by 17 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 84.45 37.76
2 85.73 37.40
3 86.80 36.35
4 87.97 35.42
5 89.24 34.61
6 90.37 33.63
7 91.52 32.66
8 92.58 31.60
9 93.91 30.92

10 106.74 31.03
11 179.76 54.99
12 180.72 56.14
13 181.60 57.36
14 182.15 58.76



15 182.93 60.04
16 183.96 61.12
17 184.38 62.00

Corrected JANBU FOS 2.795 (Fo factor =1.048)

Failure surface No. 6 specified by 21 coardinate points

Point x-surf y-surf
No. (ft) (ft)

1 81.62 37.73
2 81.75 37.60
3 83.11 36.97
4 84.39 36.19
5 85.88 36.06
6 87.38 35.96
7 88.63 35.13
8 89.80 34.18
9 90.87 33.13

10 91.97 32.12
11 93.46 31.94
12 94.60 30.96
13 106.91 31.02
14 168.05 51.10
is 169.06 52.21
16 169.72 53.56
17 170.52 54.83
is 170.67 56.32
19 171.13 57.74
20 171.59 59.17
21 171.61 59.20

Corrected JANBU FOS 2.876 ** (Fo factor =1.054)

Failure surface No. 7 specified by 17 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 77.95 37.69
2 79.35 37.21
3 80.41 36.15
4 81.47 35.09
5 82.54 34.03
6 83.76 33.16
7 84.89 32.17
8 86.14 31.35
9 87.61 31.06

10 89.11 30.96
11 106.64 31.02
12 182.05 55.75
13 182.87 57.00
14 183.64 58.29
15 183.72 59.78
16 184.39 61.13
17 185.14 62.00



- 67-
Corrected JANBU FOS 2.910 (Fo factor =1.049)

Failure surface No. 8 specified by 19 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 82.19 37.74
2 83.18 36.76
3 84.63 36.40
4 85.72 35.37
5 86.98 34.55
6 88.05 33.50
7 89.12 32.45
8 90.28 31.50
9 91.65 30.88

10 106.96 31.01
11 165.85 50.44
12 166.85 51.55
13 167.46 52.92
14 168.40 54.10
is 169.41 55.21
16 170.47 56.27
17 171.43 57.42
18 172.26 58.67
19 172.51 59.50

Corrected JANBU FOS 2.930 ** (Fo factor -1.054)

Failure surface No. 9 specified by 16 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 85.85 37.77
2 86.79 37.08
3 87.99 36.17
4 89.38 35.62
5 90.72 34.95
6 91.84 33.94
7 93.07 33.10
8 94.14 32.05
9 95.54 31.50

10 96.96 31.01
11 106.70 31.02
12 186.31 57.22
13 187.26 58.38
14 188.00 59.69
is 188.94 60.86
16 189.35 62.00

Corrected JANBU FOS 2.943 ** (Fo factor =1.045)

Failure surface No.10 specified by 19 coordinate points

Point x-surf y-surf
No. (ft) (ft)



1 67.92 37.59
2 68.96 37.07
3 70.11 36.11
4 71.23 35.11
5 72.71 34.84
6 73.90 33.93
7 75.40 33.87
8 76.65 33.04
9 78.06 32.54

10 79.20 31.56
11 80.54 30.89
12 82.04 30.84
13 106.85 31.03
14 182.53 55.95
15 183.27 57.25
16 184.18 58.44
17 185.,22 59.52
is 185.67 60.95
19 185.69 62.00

Corrected JANBU 170S 2.955 (Fo factor =1.050)

The following is a summary of the TEN most critical surfaces

Problem Description : ROCKY MOUNTAIN ARSENAL/ROCK10A

I

Modified Correction Initial Terminal Driving
JANBU FOS Factor x-coord x-coord Force

1. 2.547 1.049 79.96 184.04 188.15E+02
2. 2.586 1.050 87.50 180.34 180.66E+02
3. 2.648 1.047 76.53 190.20 187.58E+02
4. 2.712 1.048 91.85 180.54 183.39E+02
5. 2.785 1.048 84.45 184.38 187.24E+02
6. 2.876 1.054 81.62 171.61 162.97E+02
7. 2.910 1.049 77.95 185.14 187.44E+02
8. 2.930 1.054 82.19 172.51 160.51E+02
9. 2.943 1.045 85.85 189.35 186.33E+02

10. 2.955 1.050 67.92 185.69 188.50E+02

* END OF FILE
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XSTABL OUTPUT

XSTABL

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1990
Interactive Software Designs, Inc.

All Rights Reserved

Jean Lou Chameau
Pardue University

W. Lafayette,, IN 47907

Ver. 3.00 1002

Problem Description : ROCKY MOUNTAIN ARSENAL/ROCK7EQ

SEGMENT BMUOARY COORDINATES

3 S-MIOACE boundary segments

Segment X-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

71, 0.00 36.90 i08.00 38.00 1
?1 108.00 38.00 180.00 62.00 1
3 180.00 62.00 240.00 62.00 1

16 SUBSURFACE boundary segmants

Segp&nt X-left y-left x-right y-right Soil Unit
MD. (ft) (ft) (ft) (ft) Below Segment

1 0.00 33.40 108.00 34.50 2
2 108.03 34.50 180.00 58.50 2
3 180.00 58.50 198.70 58.50 2
4 198.70 58.50 240.00 58.50 4
5 0.00 33.15 108.00 34.25 3
6 108.00 24.25 180.00 58.25 3
7 180.00 58.25 189.00 58.25 3
a 189.00 58.25 189.70 58.25 2
A, 189.70 58.25 198.50 58.25 3

10 198.50 58.25 198.70 58.50 4
11 0.00 30.15 108.00 31.25 2
12 108.00 31.25 189.00 58.25 2
13 0.00 29.90 108.00 31.00 3
14 108.00 31.00 189.70 58.25 3
15 0.00 2.6.9.0 108.00 28.00 4
16 108.Go 28.0;0 198.50 58.25 4



ISOTROPIC Soil Parameters

4 type(s) of soil

soil Unit Weight Cohesion Friction Pore Pressure Water
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pcf) (pcf) (psf) (deg) Ru (psf) No.

1 115.0 115.0 0.0 35.0 0.000 0.0 1
2 10.0 10.0 0.0 3.2.0 0.000 0.0 1
3 125.0 325.0 700.0 0.0 0.000 0.0 1
4 130.0 330.0 3000.0 0.0 0.000 0.0 1

A horizontal earthquake loading coefficient
of 0.050 has been assigned

A vertical earthquake leading coefficient
of 0.000 has been assigned

A critical fai2ure surface mearching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

300 trial surfaces havo ýeen generated.

3 boxes specified for gnmeration of central block base

Length of line segments for active and passive portions of
sliding block is 2. 5 ft

Box X-left y-left x-right y-right Width
no. (ft) (rt) (ft) (ft) (ft)

1 70-.00 33.97 100.00 34.28 0.20
2 2,e5. 00 34.33 107.00 34.35 0.20
3 108.00 34.30 180.00 58.40 0.20

Factors of safety have been calculated by the

MODIF:[ED JANBU METHOD

The TEN most criti4al of aal the f&Almm surfaces examined
are displayed beloU - the nowt oritical, first



Failure surface No. I specified by 12 coordinate points

Point x-surf y-surf eY A" 6
No. (ft) (ft)

1 84.49 37.76
2 85.44 37.03
3 86.84 36.49
4 88.26 35.99
5 89.45 35.08
6 90.67 34.20
7 106.95 34.26
8 175.09 56.75
9 175.72 58.12

10 176.72 59.24
11 177.17 60.67
12 177.44 61.15

Corrected JANBU FOS 1.491 (Fo factor =1.025)

Failure surface No. 2 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 71.11 37.62
2 71.54 37.26
3 72.80 36.46
4 73.86 35.40
5 75.33 35.06
6 76.82 35.00
7 77.91 33.96
8 106.85 34.29
9 174.87 56.58

10 175.92 57.65
11 176.77 58.89
12 177.16 60.34
13 177.96 61.32

Corrected JANBU FOS 1.538 ** (Fo factor =1.027)

Failure surface No. 3 specified by 12 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 93.30 37.85
2 94.09 37.24
3 95.33 36-40
4 96.44 35.39
5 97.50 34.33
6 106.99 34.42
7 169.77 54.92
8 170.70 56.09
9 171.38 57.43

10 172.38 $8*55
11 173.42 59-63
12 173.69 59.90



Corrected UANBU IVOS 1.609 (Fo, factor =1.023)

Failure surface No. 4 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 80.00 37.71
2 81.18 37.53
3 82.41 36.66
4 83.72 35.94
5 85.13 35.43
6 86.21 34.39
7 87.71 34.22
8 89.20 34.19
9 106.91 34.40

10 171.65 55.53
11 172.63 56.66
12 172.83 58.15
13 173.24 59.59
14 173.27 59.76

Corrected JANBU FOS 1.657 (Fo factor =1.026)

Failure surface No. 5 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 69.80 37.61
2 70.72 36.78
3 72.22 36.73
4 73.54 36.03
5 74.75 35.14
6 76.03 34.35
7 77.50 34.04
8 106.96 34.42
9 179.95 58.31

10 181.01 59.37
11 181.63 60.74
12 182.50 61.96
13 182.53 62.00

Corrected LTANBU FOS 1.681 (Fo factor =1.026)

Failure surface No. 6 specified by 12 C003:-dinate points

Point X-surf y-surf
No. (ft) (ft)

1 77.88 37.69
2 78.41 37.35
3 79.81 36.80
4 80.87 35.74
5 82.08 34.85
6 83.40 34.15



7 106.74 34.28 P7 -10
8 153.26 49.39
9 154.24 50.52

10 154.57 51.99
11 155.13 53.38
12 155.53 53.84

Corrected JANBU FOS 1.688 ** (Fo factor -1.030)

Failure surface No. 7 specified by 13 coordinate points

Point x-surf y-surf

No. (ft) (ft)

1 88.39 37.80
2 89.15 37.16
3 90.21 36.10
4 91.54 35.41
5 92.67 34.42
6 94.14 34.17
7 106.39 34.30
8 170.70 55.23
9 171.68 56.37

10 172.49 57.63
11 173.42 58.81
12 174.47 59.88
13 174.56 60.19

Corrected JANBU Fos 1.694 (Fo factor =1.024)

Failure surface No. 8 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 78.46 37.70
2 78.47 37.69
3 79.67 36.79
4 80.98 36.07
5 82.38 35.54
6 83.79 35.01
7 84.97 34.08
8 106.65 34.31
9 167.42 54.14

10 168.38 55.29
11 168.91 56.70
12 169.49 58.08
13 169.89 58.63

Corrected JANBU FOS 1.696 ** (Fo factor =1.027)

Failure surface No. 9 specified by 11 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 93.02 37.85



2 93.84 37.07 T

3 95.05 36.18
4 96.25 35.28
5 97.31 34.22
6 105.96 34.32
7 179.90 58.27
a 180.74 59.51
9 181.79 60.58

10 182.38 61.96
11 182.40 62.00

Corrected JANBU FOS 1.724 ** (Fo factor =1.020)

Failure surface No.10 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 87.03 37.79
2 87.58 37.27
3 89-02 36.88
4 90.29 36.07
5 91.59 35.33
6 92.166 34.27
7 94.16 34.21
8 95.66 34.19
9 106.86 34.26

10 157-07 50.77
11 158.09 51.87
12 159-07 53.01
13 159.68 54.38
14 160.52 55.51

Corrected JANBU FOS 1.728 (Fo factor =1.028)

The following is a summary of the TEN most critical surfaces

Problem Description : ROCKY MOUNTAIN ARSENAL/ROCK7EQ

Modified Correction Initial Terminal Driving
JANBU FOS Factor x-coord x-coord Force

1. 1.491 1.025 84.49 177.44 109.70E+02
2. 1.538 1.027 71.11 177.96 113.36E+02
3. 1.609 1.023 93.30 173.69 9919.
4. 1.657 1.026 80.00 173.27 103.90E+02
5. 1.681 1.026 69.80 182.53 117.40E+02
6. 1.688 1.030 77.88 155.53 7765.
7. 1.694 1.024 88.39 174.56 101.26E+02
8. 1.696 1.027 78.46 169.89 9841.
9. 1.724 1.020 93.02 182.40 109.14E+02

10. 1.728 1.028 87.03 160.52 8223.

* END OF FILE
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- Sh%. g along a surface that occurs between geosynthencs This may occur TABLE 3.13 Typical Range of Reported Soil Geotexitle Frk-%. Angles

when multiple geosynthetic layers are used Sand Friction Angle Clay rriction An&

(deg) (deg)

3.150.11 Soil Geotextile Interface Friction Geo(extile (Efficiency) (EfflciencY)

Woven 23-42 (0 68-1 0) 16-26 (0 61-0 93)
The- interface friction between soils and geotextiles geperally has a high efficiency Nonwoven, Needle-punched 25-44 (0 67-1 0) 15-28 (0 62-0 99)
under both low and high normal loads The efficiency is generalýy higher for wo- Nonwoven, resin or heat 22-40 (0 56-0 91) 17-33 (0 60-0 85)
vens and needle-punched nonwovens than for heat-bonded nonwovens Ills is bonded
probably due to the rougher surface and larger amount of soil-to-fabric interaction
with the wovens and needle-punched nonwovens Other factors or trends observed
in performing direct shear tests between soils and geotextiles include interface friction strength is generally similar to the soil strength Factors that affect

the soil strength include items such as the soil type, density, moisture content, and
- There is some maication that wetting the geolextiles decreases the shear confining stress For clays, the loading and shearing conditions, Such as consoli-

strength (EI-Ferinaoui and Nowatzi, 1982, Miyamon et al , 1986) dated drained WK consolidated undrained (CU), or unconsolidated undratned

- For woven geotextiles, the machine and cross directions produce different in- (UU), also have significant influence
terface friction values, with the cross direction typically being lower (Ei- if the failure plave is not pushed into the adjacent soils, low interface frictionJr
genbrod and Locker, 1987) values may result For example, the interface strength between smooth HDPE

- The density of sand may not have a significant effect on (he interface friction geomembranes and clay can be less than 100 This low interface friction strength

between sands and gootextiles, especialy for woven geotextiles (Eigenbrod and can lead to significant stability problems Also, if the interface between the clay

Locker, 1987, Koutsourais et al , 1990) and geomembrane is wetted (I e . due to condensation of water under the geo-

- Adhesion between soils and geotextiles may exist due to the interlocking of membrane, clay swelling, or excess moisture during construction), the interface

the materials Ile adhesion is most apparent in nonwoven geotextiles (Eigen- strength can be further reduced (VonPein and Prasad, 1990, Mitchell et al , 1990)

brod and Locker, 1987) It is therefore critical that interface friction tests accurately model potential field

- For clay soils and nonwoven geotextiles at intermediate and high confining conditions strengths based on the re
stresses, the interface friction angle may increase and the adhesion decrease Table 3 14 summarizes soil geomembrane interface

due to consolidation of the soil adjacent to the geolextile (Williams and Houll- suits reported by several researchers (Martin et al , 1984, Williams and Houlihan

han,1987)

TABLE 3.14 Typical Range of Reported and Recommended Soil Geomeinbrane

Since the shear strength results are highly dependent on the soil and type of Friction Angles
geolextile, it is highly recommended that direct shear tests using the actual materials Reported Sand Reported Clay
be used However, for general guidance purposes or preliminary designs, Table Friction Recommended Friction Recommended
3 13 presents the results of soil geotextile friction tests reported in the literature Angles (deg) Sand Friction Angles (deg) Clay Friction

(Myles, 1982, Martinet al , 1984, Miyamon et al , 1986, Eigenbrod and Locker, Geomembrane (Efficiency) Angles, 8 (deg) (Efficiency) Angles, 8 (deg

1987, Williams and Houlihan, 1987, Eigenbrod et al , 1990, Koutsourats et al , PVC 21-33 20-30 6-39 6-15
1990) The wide variations in the results presented in Table 3 13 are due to vana- (062-093) (053-1 0)
tions in testing procedures, normal stresses, soils, and geolextiles The range also HDPE 17-28 17-25 5-29 5-10
covers both peak and residual friction angles (045-081) (047-088)

Textured 30-45 30-40 7-35

HDPE (086-10) (070-1 0)
3.6.2 Soil Geomembrane Interface Strength VLDPEO 21-28 - -

Since, unlike geotextiles, geomembraries do not contain openings or pores, the (062-067)

in(Wwe strength between soils and geomembranes is largely dependent on whether aSince VLDPE is a relatively new product, limited results were reported in the ltiemture It is anticWalr
the surface of the geomembrane is flexible or rough enotigh to push the failure plane th& tM range of effictemies for VLDPE to sand irftdaces is broader than alown Blank (-) meal

into the a4lacerit soils If the failure plane is pushed into the adjacent soils, the insuffeckeiii Oaft at this ftme
94cifU rVa S! fde Can el, ;t qt,ý,

6 1 n P, Or ý b
;5h q r 0, q



Peak strength (synthetic/ TABLE 3 15 Typkal Rwge of Reported Geosynthelk to Geosynthefic
synthetic Interface) Frkllm Angles (Degrees)
,r = an -tan #(# = 12'ý-141) Residual strength (clay/ 

HDIPF, HDPE
Residdal strength (synthetic/ geomembrane Interface)
synthetic Interface) r = 484 + 022 a. (psi) PVC Smooth Textured Geonet

a,, tan #(# = 81) Peak strength (clay/ Woven Geotextile 10-28 7-11 9-17 9-18

geomembrane Interface) Nonwoven, needle-punched 16-26 B-12 15-33 10-27
i = 930 psi Geotextile

1000 Nonwoven, resiollwal-bonded 18-21 9-11 15-16 17-21

Geolexhle

Geowt 11-24 5-19 ý7-25 -
0

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Normal stress a, (psi)

Figure 3.61 Liner strepgth relations (From Byme et at , 1992 Reproduced by permission The testing conditions may also have a significant effect on results MitcWl L

of ASCE al (1990) noted that polishing of geomembrane surfaces by geotextiles: reduce,

interface friction Also, the orientation of geonet strands can affect the interfac

strength between geonets and geomembranes (Geotek, 1987, Mitchell et al , 1990)

1987, Soil and Material Engineers, 1987, Leach et al , 1987, Koutsoumis et al , Site-specific tests should therefore be performed using the actual materials and an

1990, Swan et al , 1990, O'Rourke et al , 1990, Mitchell et al , 1990, Ojeshma, ticipated shear conditions

1990, Druschel and O'Rourke, 1991, Somasundamm and Khilnani, 1991, Sharma

and Hullings, 1993) The results are highly variable due to the large range of soil 3.6 4 Geosynthetic Clay Liner Shear Strength
types and testing conditions Both peak and residual values are included within the

reported range Table 3 14 also includes recommended soil geomembrane inter- Limited information is currently available on the intemal shear strength of GCU,

face strengths due primarily to their relatively short history The tests that have been performe,

As shown in Figure 3 61, the interface strength of clay-geomembrane exhibits are also difficult to compare, due to the numerous variations in test conditiow,

a linear shear strength (T) and normal stress (or,) relationship at lower normal Many of these variations, such as strain rate, normal load, sample size, and consol I

stresses The interface friction angles (8) reported in Table 3 14 represent this be- dation conditions, are similar to the variations experienced when comparing shet

havior At higher normal loads, the interface friction angle becomes very low and strength testing of other geosynthetics An additiopal variation of GCLs, howevel

for all practical purposes T (ends to become independent of a. The authors' expen- is the hydrating conditions, including the hydrating liquid Hydration can occit

crice on various low-plasticity (CL) and high-plasticity (CH) clays tested against under free swell, constrained swell, or partially comirdined -;well, or the sdinpl

both smooth and textured HDPE geomembrane contirms this -r-o,. behavior Rec- may be tested unhydrated Even if' ydrtted under free-swell conditions, it may b

ommended values presented in Table 3 14 should be used only as a guide in feasi- difficult to assess whether full hydration has occurred since the bentonite may b

bility studies Tests on site-specific materials and selected geomembranes should be restricted from free swell by the bmided geotextiles Also, due to the large watf.

conducted for final design purposes absorption of bentonite, most shear strength test results will incorporate some Im

measumble pore pressure effects unless the test is perfor-med at extremely low dv,

placement rates

3.6.3 Geosynthetk-t" wsynthetIc Shear Strength Table 3 16 presents the results of direct shear testing perfomied under vanou

Several researchers have tested various geosyntlioic-to-geosynthetic interfaces hydration conditions The tests were perfoirmed at a strain rate of 9 mnVmm and ,

(Martin et al , 1984, Williams and Houlihan, 1986, Koutsourais et al , 1990, Mitch- normal stresses up to 60 kPa Although these test results provide some infor-matto

ell et al , 1990, Lydtck and Zagorski, 1990, 0jeshma, 1990; Somasundaram and on the internal shear strength of GCLs, it is highly recommended that project spt

Khthiam, 1991) The results of these studies are summarized in Table 3 15 The cific testing be performed

primary components of interface friction between inultiple layers of geosynthelics %I

are sliding between layers and d3laWn at the geosynthette stirfaice (William and N.
Hodhhan, 1986) rp. -J
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XSTABL OUTPUT

XSTABL

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1990
Interactive Software Designs, Inc.

All Rights Reserved

Jean Lou Chameau.
Purdue University

W. Lafayette, IN 47907

Ver. 3.00 1002

Problem Description : ROCKY MOUNTAIN ARSENAL/COVL2

SEGMENT BOUNDARY COORDINATES

3 SURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 10.00 10.00 10.00
2 10.00 10.00 90.00 26.00
3 90.00 26.00 140.00 28.50

19 SUBSURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 10.00 10.00 17.50 10.00 8
2 17.50 10.00 90.00 24.50 2
3 90.00 24.50 140.00 27.00 2
4 17.50 10.00 30.00 10.00 8
5 30.00 10.00 90.00 22.00 3
6 90.00 22.00 140.00 24.50 3
7 30.00 10.00 31.25 10.00 8
8 31.25 10.00 90.00 21.75 4
9 90.00 21.75 140.00 24.25 4

10 31.25 10.00 36.25 10.00 8
11 36.25 10.00 90.00 20.75 5
12 90.00 20.75 140.00 23.25 5
13 36.25 10.00 37.50 10.00 8
14 37.50 10.00 90.00 20.50 6
15 90.00 20.50 140.00 23.00 6
16 37.50 10.00 47.50 10.00 8
17 47.50 10.00 90.00 38.50 7



is 90.00 is. 5b 140.00 21.00 7 of

19 47.50 10.00 140.00 10.00 8 67-

ISOTROPIC Soil Parameters

8 type(s) of soil

Soil Unit Weight Cohesion Friction Pore Pressure Water
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pcf) (pcf) (Psf) (deg) Ru (psf) No.

1 115.0 115.0 0.0 30.0 0.000 0.0 1
2 125.0 125.0 1000.0 0.0 0.000 0.0 1
3 100.0 100.0 0.0 20.0 0.000 0.0 1
4 120.0 120.0 0.0 37.0 0.000 0.0 1
5 100.0 100.0 0.0 12.0 0.000 0.0 1
6 125.0 125.0 700.0 0.0 0.000 0.0 1
7 125.0 125.0 2000.0 0.0 0.000 0.0 1
8 115.0 115.0 0.0 35.0 0.000 0.0 1

A critical failure surface searching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

300 trial surfaces have been generated.

2 boxes specified for generation of central block base

Length of line segments for active and passive portions of
sliding block is 1.5 ft

Box x-left y-left x-right y-right Width
no. (ft) (ft) (ft) (ft) (ft)

1 36.87 10.10 50.00 12.62 0.20
2 60.00 14.62 90.00 20.62 0.20

Factors of safety have been calculated by the

MODIFIED JANBU METHOD * * * * *

The TEN most critical of all the failure surfaces examined
are displayed below - the most critical first

Pallure surface No. 1 specified by 13 coordinate points



Point X-surf y-surf
No. (ft) (ft)

1 34.14 14.83
2 34.19 14.78
3 35.32 13.79
4 36.41 12.76
5 37.52 11.76
6 38.93 11.24
7 40.35 10.77
8 88.72 20.31
9 89.77 21.39

10 90.62 22.63
11 91.60 23.76
12 92.48 24.97
13 92.99 26.15

Corrected JANBU FOS 2.829 ** (Fo factor -1-038)

Failure surface No. 2 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 33.26 14.65
2 33.85 14.07
3 35.27 13.59
4 36.52 12.75
5 37.68 11.80
6 38.79 10.79
7 40.28 10.66
8 89.62 20.45
9 90.67 21.52

10 91.57 22.72
11 92.41 23.96
12 93.21 25.24
13 93.73 26.19

Corrected JANBU FOS 2.834 (Fo, factor -1.037)

Failure surface No. 3 specified by 12 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 32.32 14.46
2 33.42 13.70
3 34.58 12.75
4 35.65 11.70
5 37.08 11.24
6 38.22 10.27
7 88.93 20.41
8 89.97 21.50
9 91.03 22.56

10 91.92 23.77
11 92.58 25.12
12 93.00 26.15



Fý 2- 6

Corrected JANBU FOS 2.855 (Fo factor -1.037)

Failure surface No. 4 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 36.55 15.31
2 37.52 14.82
3 38.80 14.04
4 40.02 13.16
5 41.44 12.68
6 42.85 12.19
7 44.13 11.40
8 89.60 20.45
9 901.65 21.52

10 91.67 22.62
11 92.72 23.68
12 93.62 24.89
13 94.65 25.97
14 94.73 26.24

Corrected JANBU FOS 2.943 (Fo factor -1.039)

Failure surface No. 5 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 33.95 14.79
2 34.01 14.74
3 35.13 13.75
4 36.36 12.90
5 37.47 11.89
6 38.94 11.58
7 40.14 10.68
8 88.33 20.36
9 88.76 21.79

10 89.81 22.86
11 90.80 23.99
12 91.81 25.10
13 92.24 26.11

Corrected JANBU FOS 2.960 (Fo factor =1.039)

Failure surface No. 6 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 37.01 15.40
2 37.42 14.99
3 38.88 14.64
4 40.05 13.71
5 42.15 12.69
6 42.60 12.32
7 43.82 11.44



8 88.74 20.31
9 89.78 21.39

10 90.72 22.56
11 91.58 23.79
12 92.58 24.91
13 93.57 26.03
14 93.59 26.18

Corrected JANBU FOS 2.984 (Fo, factor -1.039)

Failure surface No. 7 specified by 15 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 31.57 14.31
2 31.73 14.19
3 33.22 14.00
4 34.61 13.42
5 35.69 12.38
6 36.96 11.59
7 38.46 11.49
8 39.61 10.53
9 85.51 19.71

10 86.38 20.93
11 87.27 22.14
12 88.22 23.30
13 89.27 24.37
14 90.14 25.59
15 90.16 26.01

Corrected JANBU FOS 3.023 ** (Fo factor -1.039)

Failure surface No. 8 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 34.53 14.91
2 34.76 14.77
3 35.87 13.76
4 37.24 13.14
5 38.64 12.61
6 39.72 11.58
7 41.04 10.86
8 89.59 20.53
9 90.52 21.71

10 91.25 23.02
11 91.82 24.41
12 92.87 25.48
13 93.56 26.18

Corrected JANBU FOS 3.087 (Fo factor =1.038)

Failure surface No. 9 specified by 12 coordinate points

Point x-surf y-surf



No. (ft) (ft)

1 37.98 15.60
2 39.00 14.63
3 40.18 13.69
4 41.28 12.68
5 42.76 12.43
6 43.87 11.42
7 89.00 20.33
8 89.89 21.54
9 90.55 22.89

10 91.55 24.01
11 92.37 25.26
12 93.02 26.15

Corrected JANBU FOS 3.096 (Fo factor =1.040)

Failure surface No.10 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 29.15 13.83
2 29.48 13.51
3 30.94 13.16
4 32.06 12.17
5 33.54 11.93
6 35.03 11.79
7 36.29 10.96
8 37.56 10.17
9 86.34 19.95

10 87.10 21.24
11 88.04 22.41
12 88.71 23.75
13 89.72 24.86
14 89.83 25.97

Corrected JANBU FOS 3.124 (Fo factor =1.037)

The following is a summary of the TEN most critical surfaces

Problem Description : ROCKY MOUNTAIN ARSENAL/COVL2

Modified Correction Initial Terminal Driving
JANBU FOS 'Factor x-coord x-coord Force

1. 2.829 1.038 34.14 92.99 6859.
2. 2.834 1.037 33.26 93.73 6998.
3. 2.855 1.037 32.32 93.00 7077.
4. 2.943 1.039 36.55 94.73 6546.
5. 2.960 1.039 33.95 92.24 6745.
6. 2.984 1.039 37.01 93.59 6402.
7. 3.023 1.039 31.57 90.16 6708.
8. 3.087 1.038 34.53 93.56 6753.



6-7 -

9. 3.096 1.040 37.98 93.02 6390.
10. 3.124 1.037 29.15 89.83 6997.

END OF FILE
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XSTABL OUTPUT

XSTABL

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1990
Interactive Software Desicpis, Inc.

All Rights Reserved

Jean Lou Chameau
Purdue University

W. Lafayette, IN 47907

Ver. 3.00 1002

Problem Description : ROCKY MOUNTAIN ARSENAL/COVL2

SEGMENT BOUNDARY COORDINATES

3 SURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit
No. (ft) (ft) (ft) (ft) Below Segment

1 0.00 10.00 10.00 10.00 8
2 10.00 10.00 90.00 26.00 1
3 90.00 26.00 140.00 28-50 1

19 SUBSURFACE boundary segments

Segment x-left y-left x-right y-right Soil unit
No. (ft) (ft) (ft) (ft) Below Segment

1 10.00 10.00 17.50 10.00 a
2 17.50 10.00 90.00 24.50 2
3 90.00 24.50 140.00 27.00 2
4 17.50 10.00 30.00 10.00 8
5 30.00 10.00 90.00 22.00 3
6 90.00 22.00 140.00 24.50 3
7 30.00 10.00 31.25 10.00 8
8 31.25 10.00 90.00 21.75 4
9 90.00 21.75 140.00 24.25 4

10 31.25 10.00 36.25 10.00 8
11 36.25 10.00 90.00 20.75 5
12 90.00 20.75 140.00 23.25 5
13 36.25 10.00 37.50 10.00 8
14 37.50 10.00 90.00 20.50 6
15 90.00 20.50 140.00 23.00 6
16 37.50 10.00 47.50 10.00 8
17 47.50 10.00 90.00 18.50 7



R'ý 33

18 90.00 18.50 140.00 21.00 7
19 47.50 10.00 140.00 10.00 8

ISOTROPIC Soil Parameters

8 type(s) of Soil

Soil Unit Weight Cohesion Friction Pore Pressure Water
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pcf) (pcf) (psf) (deg) Ru (psf) No.

1 115.0 115.0 0.0 30.0 0.000 0.0 1
2 125.0 125.0 1000.0 0.0 0.000 0.0 1
3 100.0 100.0 0.0 20.0 0.000 0.0 1
4 120.0 120.0 0.0 37.0 0.000 0.0 1
5 100.0 100.0 0.0 12.0 0.000 0.0 1
6 125.0 125.0 700.0 0.0 0.000 0.0 1
7 125.0 125.0 2000.0 0.0 0.000 0.0 1
8 115.0 115.0 0.0 35.0 0.000 0.0 1

A critical failure surface searching method, using a random
1--echnique for generating sliding BLOCK surfaces, has been
specified.

300 trial surfaces have been generated.

2 boxes specified for generation of central block base

Length of line segments for active and passive portions of
sliding block is 1.5 ft

Box X-left y-left x-right y-right Width
no. (ft) (ft) (ft) (ft) (ft)

1 36.87 10.10 50.00 12.62 0.20
2 60.00 14.62 90.00 20.62 0.20

Factors of safety have been calculated by the

* * * * * MODIFIED JANBU METHOD

The TEN most critical of all the failure surfaces examined
are displayed below - the most critical first

Failure surface No. I specified by 13 coordinate points



Point x-surf y-surf
No. (ft) (ft)

1 34.14 14.83
2 34.19 14.78
3 35.32 13.79
4 36.41 12.76
5 37.52 11.76
6 38.93 11.24
7 40.35 10.77
8 88.72 20.31
9 89.77 21.39

10 90.62 22.63
11 91.60 23.76
12 92.48 24.97
13 92.99 26.15

Corrected JANBU FOS 2.829 (Fo factor =1.038)

Failure surface No. 2 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 33.26 14.65
2 33.85 14.07
3 35.27 13.59
4 36.52 12.75
5 37.68 11.80
6 38.79 10.79
7 40.28 10.66
a 89.62 20.45
9 90.67 21.52

10 91.57 22.72
11 92.41 23.96
12 93.21 25.24
13 93.73 26.19

Corrected aANBU FOS 2.834 (Fo factor =1.037)

Failure surface No. 3 specified by 12 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 32.32 14.46
2 33.42 13.70
3 34.58 12.75
4 35.65 11.70
5 37.08 11.24
6 38.22 10.27
7 88.93 20.41
8 89.97 21.50
9 91.03 22.56

10 91.92 23.77
11 92.58 25.12

12 93.00 26.15



Corrected JANBU FOS 2.855 (Fo factor -1.037)

Failure surface No. 4 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 36.55 15.31
2 37.52 14.82
3 38.80 14.04
4 40.02 13.16
5 41.44 12.68
6 42.85 12.19
7 44.13 11.40
8 89.60 20.45
9 90.65 21.52

10 91.67 22.62
11 92.72 23.68
12 93.62 24.89
13 94.65 25.97
14 94.73 26.24

Corrected JANBXJ FOS 2.943 (Fo factor =1.039)

Failure surface No. 5 specified by 13 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 33.95 14.79
2 34.01 14.74
3 35.13 13.75
4 36.36 12.90
5 37.47 11.89
6 38.94 11.58
7 40.14 10.68
8 88.33 20.36
9 88.76 21.79

10 89.81 22.86
11 90.80 23.99
12 91.81 25.10
13 92.24 26.11

Corrected JANBU FOS 2.960 ** (Fo factor =1.039)

Failure surface No. 6 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 37.01 15.40
2 37.42 14.99
3 38.88 14.64
4 40.05 13.71
5 41.15 12.69
6 42.60 12.32
7 43.82 11.44



o -P 6
8 88.74 20.31
9 89.78 21.39

10 90.72 22.56
11 91.58 23.79
12 92.58 24.91
13 93.57 26.03
14 93.59 26.18

Corrected JANBU FOS 2.984 (Fo factor =1.039)

Failure surface No. 7 specified by 15 coordinate points

Point x-surf y-surf
No. (ft.) (ft)

1 31.57 14.31
2 31.73 14.19
3 33.22 14.00
4 34.61 13.42
5 35.69 12.38
6 36.96 11.59
7 38.46 11.49
8 39.61 10.53
9 85.51 19.71

10 86.38 20.93
11 87.27 22.14
12 88.22 23.30
13 89.27 24.37
14 90.14 25.59
15 90.16 26.01

Corrected JANBU FOS 3.023 (Fo, factor =1.039)

Failure surface No. 8 specified by 13 coordinate points

Point x-surf y-surf
No. (ft.) (ft)

1 34.53 14.91
2 34.76 14.77
3 35.87 13.76
4 37.24 13.14
5 38.64 12.61
6 39.72 11.58
7 41..04 10.86
8 89.59 20.53
9 90.52 21.71

10 91.25 23.02
11 91.82 24.41
12 92.87 25.48
13 93.56 26.18

Corrected JANBU FOS 3.087 ** (Fo factor =1.038)

Failure surface No. 9 specified by 12 coordinate points

Point x-surf y-surf



No. (ft) (ft)
1 37.98 15.60
2 39.00 14.63
3 40.18 13.69
4 41.28 12.68
5 42.76 12.43
6 43.87 11.42
7 89.00 20.33
a 89.89 21.54
9 90.55 22.89

10 91.55 24.01
11 92.37 25.26
12 93.02 26.15

Corrected JANBU FOS 3.096 (Fo factor -1.040)

Failure surface No.10 specified by 14 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 29.15 13.83
2 29.48 13.51
3 30.94 13.16
4 32.06 12.17
5 33.54 11.93
6 35.03 11.79
7 36.29 10.96
a 37.56 10.17
9 86.34 19.95

10 87.10 21.24
11 88.04 22.41
12 88.71 23.75
13 89.72 24.86
14 89.83 25.97

Corrected JANBU FOS 3.124 (Fo factor =1.037)

The following is a summary of the TEN most critical surfaces

Problem Description : ROCKY MOUNTAIN ARSENAL/COVL2

Modified Correction Initial Terminal Driving
JANBU FOS Factor x-coord x-coord Force

1. 2.829 1.038 34.14 92.99 6859.
2. 2.834 1.037 33.26 93.73 6998.
3. 2.855 1.037 32.32 93.00 7077.
4. 2.943 1.039 36.55 94.73 6546.
5. 2.960 1.039 33.95 92.24 6745.
6. 2.984 1.039 37.01 93.59 6402.
7. 3.023 1.039 31.57 90.16 6708.
8. 3.087 1.038 34.53 93.56 6753.



3

9. 3.096 1.040 37.98 93.02 6390.
10. 3.124 1.037 29.15 89.83 6997.

END OF FILE
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Appendix C

1.0 INTRODUCTION

This guideline for the development of an Operations Narrative has been prepared as an appendix to the

CAMTJ Designation Document (CDD) in support of the designation of a Corrective Action Management

Unit (CAMU) as part of the remedy for the cleanup of the Rocky Mountain Arsenal (RMA) located in

Adams County, Colorado The CAMU will be designated by the Colorado Department of Public Health

and Environment (CDPHE) in accordance with Section 264 552(a) o 16 Code of Colorado Regulations

(CCR) 1007-3 under the authority granted to CDPHE by the Colorado Hazardous Waste Management Act

(CHWMA) The designation will be part of a corrective action ordei issued under the authority of

25-15-30SCRS The CDD and its appendixes are being submitted to the CDPHE in conformance with

Section 264 552(d) of 6 CCR 1007-3

This appendix has been prepared by Harding Lawson Associates (HLA) as a contract deliverable under

Delivery Order 0007 (Task 93-03, Feasibility Study Soil Support Program) of Contract DAAA05-92-DO003

between BLA and the U S Department of the Army (Army) This d1ocument has been prepared at the

direction of the Army for the sole use of the Army, the signatories of the Federal Facilities Agreement

(FFA) of RMA, the State of Colorado (State), Adams County, and Tri-County Health Department, the only

intended beneficiaries of this work This document has been prepared for designation of a CAMU at

RMA and should not be used for any other purpose

1.1 Purpose and Scope

This document has been prepared as a guideline for the development of an Operations Narrative for the

waste management activites to be conducted as part of the CAMU Detailed operational requirements

cannot be completely developed until the design of the CAMU faCL[ities is completed. Appendix C

describes the general approach, that will be utilized in the development of the Operations Narrative, for

specifying remediation waste management practices for the CAMU The Operations Narrative will be

submitted to CDPHE for review and approval in accordance with the schedule discussed in Section 5 0 of

the CDD

21907 7050111 Harding Lawson Associates C-1
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Additionally, the CDD contains other appendixes that provide requirements and/or guidance for the

development of additional plans that will supplement the operational requirements For clarity, the

contents of these related appendixes were nut included in this document Instead, the related appendix-

es are intended to be used in conjunction with this document The related appendixes include the

following

0 Appendix B - Design Narratve This appendix describes the design parameters and design
guidehnes for the design of the CAMU

0 Appendix D - Waste Analysis Plan This appendix outlines the procedures for evaluating the
compatbihty of waste to be managed within the CAMU

9 Appendix G - Inspection Plan Outline This appendix outlines the inspection requirements and
frequencies during operation of the CAMU

0 Appendix J - Operating Record System Plan Outhne This document outlines the documentation
during the operation of the CAMU

0 Appendix N - Action Leakage Rate and Response Action Plan Outhne This appendix provides
the calculation of an action leakage rate of a landfill cell based on the amount of water collected
in a leak detection system and the appropriate response actions if the action leakage rate is
extended

Appendix 0 - Health and Safety Plan (HASP) Outhne This appendix outlines the HASP for the
CAMU and includes site and program descriptions, identification. of waste types and hazards, and
decontamination, disposal, and emergency procedures

Appendix Q - Contingency Plan Outline This appendix outhnes; the response procedures for
events that potentially threaten the public health and/or environment (i.e , spills, tornados)

This appendix is organi ed in nine sections Section 2.0 addresses the operational requirements and

procedures for the landhE Section 3 0 addresses the operational procedures and requirements for the

Basin F Waste Pile drying unit- Sections 4 0 and 5 0 address the operational procedures and requirement

for the decontamination facihty and the waste staging/consohdation areas, respectively Section6.0

addresses the operational procedures and requirements for the run-on/rtmoff control systems The

operational requirements for roadways are addressed in Section 7 0 Section 8 0 addresses emergency

response and preparedness Sections 9 0 and 10 0 present an acronym hst and bibhography,

respectively

C-2 Harding Lawson Assoclafts 21907 7050111
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2.0 LANDFILL

This section describes general operational procedures that are anticipated to be incorporated into the

final Operations Narrative The operational procedures described below will be consistent with the

operational provisions for landfills specified in 6 Code of Colorado Regulations (CCR) 1007-3,

Part 264 301

2.1 Waste Placement

This section desanbes typical operatonal procedures for placement of waste within the landfill cells at

RMA These procedures will be refined and incorporated into the final Operations Narrative during the

landfill design phase Landfill cell construction waste placement, and closure may be performed in

progression such that the three activities would be performed concurrently

2.1.1 General Waste Placement

Landfill cell construction, waste placement, and closure may be performed in progression such that these

three activities would be performed concurrently Waste, may be placed within a cell once the compo-

nents of the cell in the vicinity of waste placement have been completed including the liner system,

operations layer, and access ramp Construction of the cap may commence once a portion of the cell has

been filled

Waste placement procedures (fill sequence, lift tluclmess, compaction requirements) will be specified

based on the requirements of the design Measures will be taken to prevent runoff from exiting the

landfill cell, the generation of windblown waste, and to control odor and/or vapor emissions Transport

and placement of waste in the landfill will be halted when wind speeds exceed those specified in the

design. Equipment and vehicles leaving the landfill cell that have come in direct contact with waste will

be externally cleaned, if necessary, at the decontamination facility (see Section 4 0)

21907 7050111 Harding Lawson Associates C-3
1222031295 FS



AppendixO

2.1.2 Ignitable, Reactive, and Incompatible Waste Placement

If ignitable, reactive, and incompatible wastes are placed in the landfill, the wastes will be isolated

and/or segregated to prevent ignition and reaction. Waste materials that potentially exhibit these

properties will be tested and classified as such in accordance with the procedures developed during

preparation of the final Waste Analysis Plan (WAP) Specific procedures for the isolation and/or

segregation of these wastes will be developed during the design phase

2.1.3 Containerized Waste Placement

Except for very small containers, such as an ampule, containers will be either

0 At least 90 percent full when placed in the landf3.11

Emptied and crushed flat, shredded, or similarly reduced in volume to the maximum practical
extent before placement within the landfill

Additional requirements or procedures for placement of contamenzed waste may be identified during the

design process

2.2 Daily Cover Placement

Daily cover consisting of soil, foaming agents, a geosynthetic cover, a combination of these materials, or

other materials will be placed over the waste to prevent airborne dispersion of waste particulates and for

odor and/or vapor controls The possibility of using a structural cover or building to reduce leachate

generation and control air emissions was discussed during the value engineering meetings held February

13 and 14, 1996 Further evaluation of the requirements for air emission and leachate generation

controls will be performed during design

2.3 Leachate Collection System and Leak Detection System(s)

The leachate collection system (LCS) and leak detection system(s) (LDS) will be operated to prevent

leachate accumulation over the liner in excess of 1 foot and to minimize clogging of the systems

Leachate removed from these systems will be treated The detailed procedures for removal of leachate

will be developed during design Monitoring and evacuation of these systems will be in accordance with

0-4 Harding Lawson Associates 21907 7050111
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the frequencies specified within the Inspection Plan (Appendix G) The leachate removed from the LCS

and LDS will be appropriately managed either onsite or offs1te in accordance with applicable regulatory

requirements at the tune of generation Details regardmg how this leachate will be managed will be

determined during design.

Surface water within the landfill will typically be directed into temporary sumps on the landfill surface

formed from the waste fill progression and daily cover This water wM be removed using vacuum trucks

and/or pumps and piping to reduce the amount of water that reaches the LCS The surface water win be

managed in accordance with applicable regulatory requirements at the time it is collected. Collected

surface water may be placed in a storage facility for testing prior to discharge or treatment

The LCS and LDS may be flushed, if necessary The procedures for flushing the LCS and LDS will be

determined based on the history of the Basin F Waste Pile and the i equirements of the individual cell

operation. The specific procedures for flushing will be developed as part of the individual cell design

2.4 Odor/Vapor Controls

The expected amount of odor and/or vapor emissions for specific waste streams to be placed within an

individual cell will be estimated during the design of the specific landfill cell receiving that specific

waste stream Cell-specific odor/vapor controls may be necessary for the landfill cells that will contain

waste from the Basin F Waste Pile and may also be necessary for cells containing other waste streams

Odor/vapor controls may consist of one, or a combination of, the following

Enclosures with internal air handling systems placed over the cell

Specific types of daily covei (i e , foams)

Specific types of placement procedures

Specific monitoring requirements

Other control systems developed during design
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The odor/vapor control requirements will be completed as a part of design and will consider the design

of the landfill cell, the work plan for the excavation, treatment (if necessary), transport of the particular

waste stream, and the operating requirements of the landfills
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3.0 BASIN F WASTE PILE DRYING UNIT

The Basin F Waste Pile drying unit will be constructed and operated to dry Basin F Waste Pile material

that does not pass the paint filter test The drying unit will be operated and maintained in accordance

with manufacturer's instructions, applicable regulations, and other requirements identified during design.

Methods and procedures for handling and placement of soils after drying to address exposure to

precipitation and production of leachate will be evaluated during design.

Environniental. controls including containment systems, odor/vapor controls, and run-on and runoff

controls will be operated and maintained to protect human health and the environment and prevent

releases that may have adverse impacts to soil, groundwater, surface water, and air The details and

requirements for these systems will be determined during design
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4.0 DECONTAMINATION FACILITY

Decontamination facilities will be constructed and operated to decontaminate equipment used during

operation and closure of the CAMU Decontammationfacilities will be operated and maintainedto

ensure proper functioning oi equipment and achievementof design performance standards The

decontamination facility will be operated in accordance with the manufacturer's instructions, applicable

regulatory requirements, and the requirements of the design

Equipment leaving the active waste management areas (i e , landfill c ells, waste handhng/drymg facility)

will be visually inspected prior to leaving the area If contaminants are found during the inspection or if

the vehicle or equipment has come in direct contact with contaminated materials, the equipment will be

washed in a decontamination facility before leaving the active waste management areas

Rinsate collected during decontamination will be characterized and either recycled, treated, or disposed

of in accordance with applicable regulations Details of how the rinsate will be managed will be

determined during design.
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5.0 WASTE STAGING/CONSOLIDATION AREAS

Waste staging/consolidation areas will be used during operations for temporary staging, waste sizing,

and/or storage of soil/clebns between processing steps or to temporarily stockpile remediation wastes for

transport Waste staging aieas will be located within the CAMU area Equipment, facilities, and systems

at the waste staguig/consohdation areas will be operated and maintained in accordance with manufactur-

er's recomm endations, applicable regulatory requirements, and other requirements identified during

design. Environmental controls and safety systems will be operated and maintained to protect human

health and the environment and prevent releases that may have an adverse impact on soil, groundwater,

surface water, and air

I
The waste staging/consohdation areas Will incorporate nm-on/ninoff controls for the management of

surface water in these areas In general, run-on will be prevented from flowing onto these areas through

the use of curbs, diversion channels, grading, and other hydraulic structures Run-on will be diverted to

existing drainages outside the CAMU Runoff from these areas Will be collected through the use of curbs,

sumps, channels, grading, and other hydraulic structures and diverted to a retention pond(s) Details of

how runoff will be managed will be developed during design. Waste staged, sized, and/or stored in these

areas will be managed in a manner that rninum es the potential for wind or water dispersion and

excessive odorlvapor emissions This may be done through the use of one, or a combination of, the

following

Enclosures with internal air handling systems

Covers consisting of soils, geosynthetics, or other materials

Other control systems or strategies specified in design

Unit-specific operating requirements

Unit-specific inspection and monitoring requirements

21907 7050111 Harding Lawson Associates C-11
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6.0 RUIR-ON/RUNOFF CONTROL SYSTEMS

Water collected from the rtm-on control system will be directed to existing drainages outside the GAMU

Water collected from the rui3off control system will be diverted to a retention pond(s) within the CAMU

Run-on and runoff water will. be managed in accordance with apphcable regulatory requirements at the

time of collection These systems may mclude drop structures, berms, channel , culverts, and curbs and

will be inspected in accordance with the Inspection Plan (Appendix G) These systems winbe operated

and maintained to meet the design performance standards Operational activities wiR typically consist of

grading, excavation, and general repair work to ensure the following

0 The drainage structures do not become obstructed with debris or sediment

0 Positive drainage is maintained and ponding does not occur

0 Adequate flow capacity and freeboard are maintained in accordance with design requirements

Excessive erosion does not occur

0 Run-on system integrity is maintained to prevent flow onto active waste management areas

0 Runoff system integrity is maintained to prevent the release of potentially contaminated runoff
from active waste management areas
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7.0 ROADWAYS

Roadways outside the active waste management areas will be operated and maintained in the same

manner as other roadways at RMA Roadways within active waste management areas will be operated

and maintained to verify that

The roadways are in a good state of repair

The roadways are safe for travel

Runoff is properly collected and diverted to retention ponds, testing prior to release may be
required

Waste has not accumulated on the roadway

Visual inspections for obstructions, excessive cracking, and proper dramage will be performed penodi-

cally in accordance with the Inspection Plan (Appendix G) Repains, cleanup, and maintenance will be

performed as necessary to ensure that the roadways are functionirig as designed
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8.0 EMERGENCY RESPONSE AND PREPAREDNESS

Emergency response equipment for the CAMU will typically include alarm/communication systems, fire

protection equipment, spill control equipment, and decontamination eqtnpment The actual components

of the systems necessary to provide for emergencyresponse and preparedness will be determined during

design These systems will be tested, operated, and maintained in accordance with manufacturer's

instructions and applicable regulatory requirements to assure propei operation in the event of an

emergency Adequate access will be maintained during operation of the CAMU to allow unobstructed

movement of personnel and equipment to any area where an emergency may occur Arrangements with

local authorities may be established I o familiarize the authorities with the operations and facilities at the

landfill and secure support in the event of an emergency A Contingency Plan (see outline in

Appendix Q) specific to the GAMU will be developed and appended to the RMA Contingency Plan for

implementation in the event of a release or other emergency
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9.0 ACRONYMS

I
Army U S Department of the Army

CAMU Corrective Action Management Unit

CCR Code of Colorado Regulations

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CERCLA Comprehensive Environmental Response, Compensation, and laability Act

CHWMA Colorado Hazardous Waste Management Act

FFA Federal Facilities Agreement

HASP Health and Safety Plan

BLA Harding Lawson Associates

LCS Leachate collection system

LDS Leak detection system

O&M Operation and maintenance

RMA Rocky Mountain Arsenal

State State of Colorado

WAP Waste Analysis Plan
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1.0 INTRODUCTION

Tlus guideline for the development of a Waste Analysis Plan (WAP) has been prepared as an appendix to

the Corrective Action Management Unit (CAMU) Designation Document (CDD) in support of the

designation of a CA1VfU as part of the remedy for the cleanup of the Rocky Mountain Arsenal (RMA),

located in Adains County, Colorado The CAMU will be designated by the Colorado Department of

Public Health and Environment (CDPHE) in accordance with Section 264 552(a) of 6 Code of Colorado

Regulations (CCR) 1007-3 under the authority granted to CDPBE by the Colorado Hazardous Waste

Management Act (CHWMA) The designation will be put of a corrective action order issued under the

authority of 25-15-308 C R S The CDD and its appendixes are bemg submitted to the CDPHE in

conformance with Section 264 552(d) of 6 CCR 1007-3

This appendix has been prepared by Harding Lawson Associates (HLA) as a contract deliverable under

Delivery Order 0007 (Task 93-03, Feasibility Study Soii Support Program) of Contract DAAA05-92-DO003

between BLA and the U S Department of the Army (Army) This document has been prepared at the

direction of the Army for the sole use of the Army, the signatories of the Federal Facilities Agreement

(FFA) of RMA, the State of Colorado (State), Adam County, and Tri-County Health Department, the only

intended beneficiaries of this work. This document has been prepared for designation of a CAMU at

RMA and should not be used for any other purpose

1.1 CAMU Description

In June 1995, an Agreement for a Conceptual Remedy (the Conceptual Remedy) for the Cleanup of RMA

among the State, U S Environmental Protection Agency (EPA), the Army, Shell, and the U.S Fish and

Wildlife Service (FWS) was signed The Conceptual Remedy represents agreement by the parties relative

to specific components of the remedy for the final cleanup of RMA. These components of the remedy

are included in the (1) Proposed Plan for the RMA Onpost Operable Unit and (2) Final Detailed Analysis

of Alternatives Report (D.AA) (Foster Wheeler, 1995) The Conceptial Remedy, the Proposed Plan for the

Onpost Operable Unit, and the DAA are documents prepared under various authorities of the Compre-
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hensive Environmental Response, Compensation, and Liability Act (CERCLA). The Conceptual

Remedy calls for the construction and operation of a new onsite hazardous waste landfill for disposal of

principal threat and human health exceedance soil and debris (See DAA for detailed definitions of these

CERCLA related terms). The portion of the CAMU that includes a state-of-the-art hazardous waste

landfill is located in Sections 25 and 26 of RMA between Former Basin F and North Plants. Double-

lined cells within the I andfill will receive principal threat and human health exceedance material from 17

contaminated areas of RMA. In addition, a triple-lined cell will be constructed to receive principal threat

and human health exceedance soil from the Basin F Waste Pile and Former Basin F, human health

exceedance soil from Sand Creek Lateral, and other compatible remedy related wastes identified in

the RMA Remediation Waste Management Plan and the Compl i ance Order on Consent and

amendments thereto, The total volume of material to be placed in the I andfill will be approximately

1,200,000 cubic yards, with approximately 655,000 cubic yards to be placed in the triple-lined cell.

1.2 Document Objectives and Organization

This document has been prepared as a guideline for the development of a WAP for the CAMU that will

be responsive to Sections 265,13 and 265.17 of 6 CCR 1007-3. The WAP will be submitted to CDPHE

for review and approval in accordance with the schedule discussed in Section 5.0 of the CDD. The final

WAP will describe procedures for obtaining and/or reviewing detailed chemical and physical analysis

data for the wastes to be disposed of in the hazardous waste landfill. Detailed chemical and physical data

have previously been collected during the on post remedial investigation/feasibility study (RI/FS) for the

material to be disposed in the onsite CAMU. To the extent applicable, the final WAP will incorporate

any existing data in developing the final procedures for characterization of disposed waste streams. The

objectives of the WAP will be as follows:

" Summarize existing chemical and physical data for each of the waste streams to be disposed in the
landfill area of the on post CAMU, and identify more detailed data sources for reference as necessary
during disposal operations (6 CCR 265.13(a))

" Specify any restrictions and/or pre-disposal requirements for the disposed wastes (6 CCR 265.17)

" Describe additional chemical and physical analyses to complete the characterization of each waste for
the purposes of disposal. These additional analyses will be performed as necessary to assess
compatibility of the waste streams with potentially commingled waste streams in the landfill and with
the liner/cover con-iponents. The description of additional analyses will include identification of
analytical parameters and the rationale for parameter selection, (2) sampling frequency, (3) sampling
methods, and (4) analytical methods (6 CCR 265,13(b)).
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Introduction

Fmstng data and reference information for the disposed waste streams used in the development of this

guidance document are summarized in Section 2 0 Contemplated i estrictions and pretreatment

requirements for the disposed waste stream and the general approach for waste disposal are summarized

mSection3O Contemplated waste compatibilityscreening analyses to be performed on the disposed

wastes, including the analytical parameters, rationale, and analytical frequency considerations, are

summarized in Section 4 0 Contemplated sampling protocols and analytical methods are discussed in

Sections 5 0 and 6.0, respectively Documentation of waste analysis and disposal is described in

Section 7 0 A list of acronyms is presented in Section 8 0, and references are listed in Section 9 0
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2.0 IDENTIFICATION AND CHARACTERIZATION OF DISPOSED WASTES

Considerable analytical data have been generated during historical onpost investigations at RMA for

the designated waste streams that will be placed into the CAMU 'This large body of analytical data

will support the general waste characterization requirements stated in Part 265 13(a) of

6 CCR 1007-3 These analytical dai a are summarized in the sections which follow, and references

are provided to indicate additional, more detailed sources of information concerning the charactens-

tics and composition of the disposed waste streams

2.1 Wastes Disposed in Double-Lined Cells

Table Di identifies the waste streams designated under the Agreement for a Conceptual Remedy for

disposal in double-lined cells of the onsite CAMU landfill, and summarizes the chemical composition

ofthesewastes In general, the chemical compositioninformation shown in Table Di is based on

analytical data collected during the onpost R1/FS as summarized in the Final Detailed Analysis of

Alternatives (DAA) Report, Version 4 1 (Foster Wheeler, 1995) In addition to the waste streams

listed in Table D1, the Army may dispose of drummed wastes generated during RINS activities in the

double lined cells These wastes are currently stored in warehouses at RMA Wastes characteriza-

ton data generated at the time of generation, and other RMA site characterization data will be

summarized for these drummed waste in the final WAP

Preliminary surveys of physical characteristics data obtained for individual soil samples collected

near or within the soil waste bodies designated for disposal were performed by HLA in preparation of

this WAP InA!s surveys indicated that the soil waste streams listed in Table Di generally were of

neutral to slightly alkaline pH (6 80 to 9 73), but that pH ranged as high as 11 to 12 in soil associated

with the Secondary Basins and Lune Basins Soil organic carbon content ranged from less than

500 milligrams per kilogram (mg/kg) to as high as 10,300 mg/kg in the soil waste streams, with the

highest occurrences observed in the South Plants Central ProcessLag Area Soil and the South Plants

Balance of Area Soil Moisture content ranged from approximately 5 to 30 percent for the soil waste
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Identification and Summary of Disposed Wastes

streams to be disposed. Sources of more detailed physical characteristics infori-nation are referenced in

Section 2.3,

2.2 Wastes Disposed In Triple-Lined Cells

Table D2 identifies the three waste streams designated under the Agreement for a Conceptual Remedy

for disposal in enhanced, triple-lined cells of the onsite CAMU landfill, and summarizes the chemical

composition of these wastes. In general, the chemical composition infon-nation shown in Table D2 is

based on analytical data collected during the onpost RI/FS as summarized in the Final Detailed Analysis

of Alternatives Report, Version 4.1 (Foster Wheeler, 1995). Additional data for the Basin F solids are

from historical analyses of drummed Basin F soil.

Considerable analytical data have been generated for leachate from Basin F solids as part of the Interim

Response Acton (IRA) at Basin F. A summary of these data is presented in Table D3 to provide

additional information related to the Basin F Waste Pile soil to be disposed in triple-lined cells of the

CAMU landfill. Table D3 also includes chemical composition data for Basin F liquid as obtained from

the Rocky Mountain Arsenal Contingency Plan (Weston, 1991).

2.3 Sources of Additional Data

More detailed summaries of existing chemical data and physical characteristics data for the material

comprising the waste streams will be compiled during preparation of the final WAP, as necessary to meet

the general waste characterization requirements. Detailed data are available from the documents listed in

Table D4. These and other documents containing detailed analytical data are available from the RMA

Technical Information Center (RTIC). Chemical data for specific samples collected from the media to be

disposed, as identified through review of the documents in Table D4, can also be obtained from the

RMAED through DP Associates, the RMA data management subcontractor
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3.0 SUMMARY OF THE WASTE DISPOSAL PROCESS

This section summarizes the process of waste disposal contemplated at the RMA onsite CAMU,

including contemplated waste restrictions, pretreatment requirements, and the overall approach to

landfill disposal for the waste streams identified in Section 2 0 'nus summary of the waste disposal

process will form a basis for development of final waste analysis requirements

3.1 Waste Restrictions and Pretreabnent Requirements for Disposed
Wastes

The specific waste streams to be disposed in the RMA GAMU are described in Section 2 0 As these

waste streams will be managed within a GAMU, land disposal rest-ictions defined in Part 268 of 6

CCR 1007-3 will not apply However, the following general restrictions are expected to apply to the

waste streams as they are generated and disposed

Pyrophoric materials discovered during excavation and disposal operations that are observed
to react with atmospheric air or water will be neutralized prior to placement in the hazardous
waste landfill

Explosives-containing munitions discovered during excavation and disposal operations Will
be transported offs1te for detonation at an approved facility If not considered safe for
removal and transport, they wLU be detonated in place, prior to placement in the hazardous
waste landfill

Liquid %% astes will not be disposed of in the hazardous waste landfill

In addition the conceptual remedy has specified the following reqalrements for disposed waste

strearn

M-1 Pits principal threat and human health exceedance soil will be pretreated With a
solidification technology prior to disposal

Hex Pits principal threat soil will be treated with either an in situ or ex situ treatment
technology If an ex situ process is selected, treatment of the Hex Pit soil will occur prior to
disposal in the CAMU landfill

Agent-conta-minatedbuilding material and soil will be caustic washed as necessary prior to
disposal

Basin F Waste Pile soil that fails the paint filter test (U S 'Environmental Protection Agency
WA] Method 9095) will be dried prior to disposal
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Summavy of the Waste Disposal Process

The WAP will outline waste characterization analyses that may be required. for wastes exhibiting

potential compatibility concerns with other waste streams or with the disposal process Com-

patbihty testing will be performed in accordance with Appendix B, Section 3 3 3, during the landfill

design phase prior to disposal Threshold index parameters will be established as part of the

compatibilitytesting program implemented during the design phase The threshold mdexparame-

ter(s) will define screening-level analysis that may be used to confirm that waste streams to be

disposed of in the landfill are not significantly different from those that were demonstrated to be

compatible with liner components in the compatbility testing program conducted in conjunction

with the landfill design. Thus, analysis for threshold index parameters may also occur during the

landfill disposal phase If, during the disposal phase, analysis mchcates that waste streams do not

fall within threshold index parameter limits, additional compatibility testing will be required

3.2 Approach for Waste Disposal

Figure Di presents a sum- of the generalized conceptual approach for disposal of each waste

stream from excavation through final placement in the landfill The figure identifies the major

decision steps in the evaluation and clearance of each waste for final disposal As shown, prelimi-

nary clearance of each waste stream by the Program Manager for Rocky Mountain Arsenal (PMIUSAA)

for disposal in the landfill will be based on reviews of existing data (see Section 2 0), as well as on

additional data collected during the CAMU design phase Final clearance of the wastes for landfill

disposal will be based on additional waste compatibility analyses that will be addressed in the WAP

Information regarding compatibihtytesting of the waste stream and liner system components can be

found in the Preliminary Scope of Work and Schedule of Design Activities for the RMA CAMU

(Table 5 1) and in the Design Narrative (Appendix B, Section 3 3 3)
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4.0 SPECIFIC WASTE ANALYSIS REQUIREMENTS FOR LANDFILL DISPOSAL

The disposal of principal threat and human health exceedance waste in the RMA onsite hazardous

waste landfill is based on a large body of historical data as discussed in Section 2 0, which is

expected to support meeting the general waste characterization requirements stated in Part 265 13a of

6 CCR 1007-3. A sampling and analysis program for the waste stream is contemplated during the

design phase Additional analyses of each waste stream may occur during the disposal phase, as

necessary, to assess its chemical compatibility with the liner components (e g , index testing may be

conducted to verify waste stream characteristics are consistent with those found to be compatible

during the design phase) Analyses conducted during waste disposal will also address the compatib-

lhty of each waste stream with commingled waste Waste compatibilityscreening analyses maybe

required for each waste stream, and will be performed if visual inspection of the waste and/or

historical data reviews imply potential compatibility concerns Screening analysis data win be used

to identify incompatible or reactive waste that may require segregation, pretreatment, and/or specific

health and safety precautions

In addition to the compatibility screening program, some wastes will undergo field screening for

Army Agents during disposal to assess whether pretreatment (i e , caustic washing) is necessary prior

to placement in the landfill The general compatibility screening and agent screening analyses

requirements prior to disposal are presented in the following subsections

4.1 Compatibility Screening Ainalyses

The WAP will specify the procedures for waste compatibility screening analysis to be conducted

prior to disposal Those procedures will be sim-ilar to those presented below

For waste streams that exhibit potential compatibility concerns based on historical data review and/or

inspection, uutial screening will occur prior to disposal through the collection of samples from the

waste body or from initial excavations of the waste These samples will be analyzed for any or all of
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Waste Sampling and Analysis Program

the parameters described below, as deemed necessary by field personnel, to assess waste compati-

bihty A preliminary assessment of the analytical parameters and methods for waste analysis is

discussed in Section 6 0

Corrosivzty Corrosivity shall be assessed based on the ability of the waste to corrode steel at
a rate and temperature set by the National Association of Corrosive Engineers standard
TM-01-69 or equal (40 CFR 26122[1])

pH pH shall be measured to further assess corrosivity and waste compatibility

Free Liqmds Free liquid present in the waste shall be assessed msually or by the pamt filter
test (EPA Method 9095) Assessments of free liquids will estimate the number of phases,
volume percent of aqueous liquid, volume percent of organi liquid, and volume of sediment
in the liquid phase

Igmtion Test. Waste materials that exhibit a positive result when tested for ignition by spark
at temperatures below 140 degrees Fahrenheit (0 F) shall be identified

Compatibility with Commilingled Waste. If a waste stream is to be mixed with other wastes
during disposal, then a sample of the waste stream shall be mixed With the wastes with
which it is to be commingled to determine compatibility Any reaction which generates
excessive heat or liberates excessive gases will identify incompatibility Wastes shall be
segregated within the landfill if incompatibility is identified and cannot be remedied

Threshold Index Testug- Threshold index testing parameters developed as part of the design
phase compatibility testing program will be conducted, if necessary If the established index
parameters are exceeded, then appropriate liner system compatibility testing will be
performed

As accumulation and disposal of each waste stream proceeds, one or more of the above tests may be

repeated as necessar-% if physical characteristics of a waste stream are observed to change

significanth and compatibility concerns are raised Any significant change in color, odor, reactivity

with ambient air or %% ater. andJor number of media or phases present (e g., free hqmds) for a given

waste stream as assessed by field personnel, may result in verification analyses for compatibility.

Segregation and/or pretreatment alternatives may be considered on the basis of the screening results

for wastes that exhibit the following characteristics

Observable reactivity with commingled waste

Corrosivity as indicated by a steel degradation or by pH below 2 0 or above 12 5
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Waste Sampling and Analysis Program

Flash as indicated by ignition below 140'F

Free liquids Drying and/or solidification may be considered as a pretreatment step for
wastes exhibiting fiee liquids

Observable reactivity with liner components

4.2 Agent Screening Analyses

Of the waste streams identified for disposal in the onsite hazardous waste landfill, 10 waste streams

may contain potential agent contamination as indicated in the Final DAA Report (Foster Wheeler,

1995) The preferred alternative identified by the Final DAA Report for these soil and building

material waste streams is to screen for agent materials during removal of the wastes and treat any

contaminated material by caustic washing prior to placement in the landfill Therefore, screening of

these waste streams for the Army Agents GB, VX, mustard (H), and Lewisite (L) will occur as part of

the waste analysis program during the disposal phase The screening of these wastes will occur as

they are excavated or otherwise accumulated by field monitoring methods currently established by

PNIRIý (see Section 6 0) Any suspected field detections of agentin the waste streams will be

confirmed by collecting samples ftom the suspect material for laboratory analysis

'21907 7050111 Harding Lawson Associates D-I 1
1029060996 WP



Waste Sampling and Analysis Program

D-12 Harding Lawson Associates '21907 705011 1
1029060996 WP



5.0 WASTE SAMPLING PROCEDURES

As presented in Section 2 0, the types of waste media to be sampled during disposal operations

include the following

Excavated soil and sediment

Building material and munitions debris

The general procedures, which will be in the final WAP, for sampling these two classifications of

waste media are presented below In addition, a general summary of sampling documentation and

decontamination procedures are presented in this section-

6.1 Waste Sampling

Where sampling is necessary for waste compatibility screening, composite grab samples will be

collected from the subject area, initial excavations of waste soil and/or sediment, initial debris

accumulations, or from untial pre-processed waste streams, as appropriate Specific standard

operating procedures (SOPs) for sampling of these materials will be developed during remedial

design These SOPs will be designed to comply with "Test Methods for Evaluating Solid Waste"

specified in 6 CCR 1007-3, 260 1 Alternative methods maybe used if prior approval is obtained

from CDPBE

5.2 Sample and Document Custody Procedures

Sample and document custody procedures applicable to waste sampling are summarized in the

following subsections These procedures are consistent with quality assurance (QA) and

documentation protocols established by PMRMA (1993) and by EPA (1986, 1992, 1994) The

procedures below are considered general and are subject to alteration and refinement during the

design phase

Waste samples scheduled by the PMIUý4A Laboratory Support Division (LSD) for offs1te analysis will

be delivered to the PURMA Receiving Office, Building 618, for shipping by the Program Manager
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Waste Sampling Procedures

Support Division (PMSD) to one or more laboratories contracted by the PNffUN4A LSD Waste samples

scheduled for onsite laboratory analysis will be delivered directly to the PhGZMA Environmental

Analytical Laboratory (EAL)

Field Documentation

Appropriate waste sampling forms will be used to record sample and field data collection activities

performed onsite At the beginning of each day, the date, start time, weather conditions, field

personnel present, level of personal protective equipment (PPE) being used, and name of the person

making the entry will be recorded The names of visitors and the purpose of their visit win also be

recorded All information pertinent to a field survey and/or sampling event will be recorded in the

waste sampling form Typically, the waste sampling form will include the following information

Name and title of author, date and time of entry, and physical/environmental conditions
during field activity

0 Location of sampling or field activity

0 Name(s) and title(s) of field crew

0 Type of media sampled or measured

a Sample collection or measurement method

0 Number and volume of samples(s) collected

0 Description of measuring reference points

0 Date and time of sample collection

0 Sample identification numbers(s)

0 Field observations and comments

Field measurements recorded (e g , pH, photoionization detector [PID])

Sample documentation, including dates and methods of sample shipment

An example waste sampling form is attached as Figure D2 By the end of each day, samples should

be brought back to the sample handling trailer for packaging
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Waste Sampling Procedures

Sample Classification, Handling, and Shipping

Sample classification is necessary to ensure the protection of personnel involved in the offs1te

shipment of analytical samples and to maintain the integrity of the samples When sent by common

carrier, the packaging, labeling, and shipping of hazardous materiaL is regulated by the U S Depart-

ment of Transportation (DOT)

Designated sampling personnel will contact the PMSD no later than 9 00 a in daily for assignment of

couner air bill numbers Sample shipments to each laboratory will receive a unique airbill number

Containers shipped by the PMIUvfA shipping custodian will receive a different airbill number than

those shipped by RMA Security Therefore, if necessary, two airbill numbers should be requested

each day for each laboratory because samples will normally be delivered to the PNERMA shipping

custodian (before 4 00 p in ) or to RMA Security (after 4 00 p m )

Samples will be shipped with approximately 10 percent air space so that the container is not full at

130 OF unless otherwise required by the method of analysis Glass containers used for all types of

analyses will be wrapped in bubble wrap and placed inside a DOT-approved shipping container

(Coleman Sample Manage?) and packed to prevent breakage Sample shipments willbe preserved

by cooler packs around the sample containers Any remaining space will be filled with bubble wrap

or vermiculite Samples scheduled for offs1te analysis will be delivered to the PMICAA Receiving

Office, Building 618, until approximately 4 00 p m and to RMA Security, Building 135, from

approximately 4 00 p m until 7 00 p m for shipping to the contract laboratory(ies) for analysis

Samples scheduled for onsite analysis will be delivered no later then 3 00 p m to the PMRMA EAL

analytical laboratory Additional details of the waste analytical program are described in Section 6 0

The cham-of-custody (COC) record for each sample shipment will be enclosed in a sealed, waterproof

envelope attached to the inside of the cooler hd and for delivery to the PMIUAA Receiving Office or

the PMRMA EAL The Field Operations Coordinator (FOC) will be responsible for notifying the
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Waste Sampling Procedures

project Quality Assurance Coordinator (QAC) of the number of samples delivered to the PNffUWA

Receiving Office and/or the PMRMA LSD and the time of delivery The project QAC (or designated

representative) will contact the PNflWA Receiving Office and PNHUvIA LSD daily, as necessary, to

inform them of the incoming samples, arrival time, and special handling or analytical procedures

required

Required sample containers, sample preservation methods, and maximum holding times for each

sample type are summarized in the RMA Chemical Quality Assurance Plan (CQAP) (PNffUvfA, 1993)

Containers will be obtained from the PMSD supply office, based on availability, and supplied to field

personnel before sampling

Sample Identification and Labeling

Sample labels and COC records will be provided to sampling personnel by the pro) eat QAC Labels

will be attached to each bottle in which a sample is collected ff labels are lost, voided, or damaged,

the sample information will be noted on the waste sampling forms

Each sample will be identified by a separate sample label and associated tag number The informa-

ton recorded on the label generally includes, but is not limited to, the following information

Label tag number

0 Site identification number

0 PNIRMA-approved site type code

0 Date a six-digit number indicating the day, month, and year of collection

0 Time a four-digit number indicating the 24-hour clock time of collection

Media type the type of sample (e g , groundwater)

Sample depth

Sampler's signature

Preservative the type of preservative used, if required
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Waste Sampling Procedures

Analysis the type of analysis requested

The PMRMA-approved samplmg technique used during collection

An example of a sample label to be used during the program is shown in Figure D3

Custody seals (evidence tape) will be used to preserve the integrity of the samples in the regular

nonlocking shipping containers from the time of collection until they are opened in the laboratory

Field personnel will prepare the shipping coolers with custody seals prior to releasing the samples

The seal will be attached in such a way that it will break when the sample shipping container is

opened Samples shipped in the Coleman Sample Manager* cooler will be sealed using wire custody

seals The seals will carry the following information

PNffUvIA sample shipping custodianýs initials

Date and time of sealing

Chain-of-Custody Records

To establish the documentation necessary to trace sample possession from the time of sample

collection at RMA through sample analysis, a COC record will be completed and will accompany

every sample This record will document sample custody transfer from the sampler, to other

sampling team members (if necessary), to the laboratory, and back to RMA for disposal

For offsite analyses, the COC process wffl be maintained by PNffUAA using a commercial shipper for

shipment of bottles to the site and slupment of samples back to the laboratory The field personnel

or sample custodian will write the courier airbill number on the COC record, and sign the COC

record and the couner airbill form The PhUMIA sample shipping custodian or RMA Security will

arrange the shipping and plepare the courier airbill form
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Waste Sampling Procedures

The COC record typically contains, at a minimum, the following information

List of sampling team members

Label identification number

Date of sample bottle preparation and shipment

Signature of sampler or bottle preparer

Date and time of sample collection

Sample location and depth

Mechum type

Airbill number

Sample preservation

Type of requested analysis

Signatures of persons involved in the chain of sample possession

Inclusive dates of possession

PMRMA-approved sampling technique and site type

The laboratory portion of the COC record will be completed by laboratory personnel and typically

contarn the following information

Date of sample receipt by the laboratory

Name of person receiving the sample at the laboratory

Sample condition and temperature upon receipt at the laboratory

Samples will be appropriately packaged for shipment and Win be dispatched to the laboratory for

analysis with a separate COC record accompanying each shipment. The method of shipment, courier

name(s), if any, and other pertinent information should be entered in the remarks section of the COC

record An example COC record that will be used for water samples collected during the program is

presented in Figure D4
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Each COC record consists of three sheets of pressure-sensitive paper (white, yellow, and pink) After

the shipping courier name and airbill have been written on the COC and the COC has been signed,

additional copies of the original will be made for the Logistic Branch of the Army and the PhMvIA

LSD The two colored backing sheets of the COC will be removed, and the sample container with

the original white COC record inside the hd will be sealed by the field personnel or sample

custodian The yellow original wfl]. be retained in the sampling contractor's files, and the pink

original will be retained by PXMMA

After the field COC record is signed by the laboratory, the laboratory will initiate an internal COC

record to track the sample through analysis The original COC record will be retained in the

laboratory's files, and a photocopy of the original COC record will accompany the unused portion of

the sample back to RMA for final disposal Under no circumstances is an offsite laboratory to send

extracted or spent samples to RMA for storage

Corrections to Documentation

Unless prohibited by cold weather conditions, data recorded in field logbooks, sample labels, and

COC records will be completed with waterproof ink. None of the accountable, serialized documents

will. be destroyed or discarded, even if the documents are illegible or contain inaccuracies that

require a replacement document

Exrors on field documents will be corrected by drawing a line through the error and entering the

correct mformation Fxror-s on afield document should be correctedby the person who made the

original entry, and the erroneous information. should not be obhterated Corrections to documenta-

tion will. be initialed and dated

5.3 Decontamination Procedures

Generahzed decontamination procedures for sample collection are as follows and will be further

defined as necessary during the C.AIvIU design phase Samphng eqLupment including samphng
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scoops, bowls, picks, and chisels will be thoroughly cleaned prior to use and between discrete

sampling locations using a detergent solution (laqumox* or equivalent) followed by a distilled water

rinse and allowed to air dry Samples will be collected in laboratorYýcertified clean sample

containers and placed on ice in insulated coolers

Decontamination water used will generally be Contracting Officer's Representative (COR)-approved or

distilled water Tap water may be used instead of COR-approved water for use in steam cleaning and

detergent solutions provided that distilled water is used afterward to rinse equipment COR-approved

water consists of the potable water supplied to RMA that is treated with an activated carbon

treatment unit Decontamination will consist of combinations of steam cleaning and/or detergent

solution (laquinox* or eqLuvalent) wash, water rinse, and distilled water rinse Detergent solution is

prepared by =ang approximately I teaspoon of detergent (laquinox' or equivalent) per 5 gallons of

COR-approved water or tap water This section details decontamination procedures as well as types

of equipment to be decontaminated

Decontamination Pad

A temporary mobile decontamination pad will be set up near the work area to provide onsite

decontamination Each temporary pad will include a steam cleaner and a sump to collect decontami-

nation solids and wastewater Decontamination solids and wastewater will be removed from the

sump will be managed appropriately either onsite or offs1te in accordance with applicable regulatory

requirements at the time of generation

Personnel

Procedures for personnel decontamination are described in the Health and Safety Plan
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6.0 WASTE ANALYTICAL PROCEDURES

It is contemplated that the WAP will specify that the PMRMA EAL vall be the onsite laboratory

responsible for performing waste chai acterization. analyses Additional external laboratories may be

identified by the PhflZMA LSD to assist in waste sample analysis The laboratories and methods

employed for waste analysis will be approved by PMRMA, and method performance and proficiency

will be demonstrated prior to sample analyses in accordance with the PNfRMA Chemical Quality

Assurance Plan (PFURA, 1993)

6.1 Analytical Methods

Analytical parameters and methods for waste samples that will be included within the WAP are

summanzedin Table D5 As shown, waste extracts to be screened and analyzed for agent parameters

will be analyzed according to approved PhflUAA-approved field screening methods Laboratory

verification analyses to confirm suspected agent detections based on field screening results WJE be

performed by the PMRMA EAL Analyses for the remammg parameters listed in Table D5 will be

performed according to standard EPA or American Society for Testing and Materials (ASW

screening-level methods

6.2 Quality Assurance Protocols

The WAP will specify that quality assurance and quality control (QA/QC) protocols for waste

analyses and reporting will be approved by the PNffavlA LSD and will be consistent with the

requirements of the PMRMA CQAP (PNffUAA, 1993)
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7.0 DOCUMENTATION FOR WASTE ANALYSIS AND DISPOSAL

Specific documentation and data management requirements for waste analysis data during disposal

operations will be developed in the operations plans of the contractors performing disposal Because

the details of the CAMU design and operation are still being developed, specific documentation

processes, formats, and requarements cannot be defined at the present time However, in general, the

WAP will specify the following general documentation requirements will be met during ffisposal

Waste Analysis Data

Management, review, and reporting of analytical data by the PMIZMA LSD will conform to
the requirements of the RMA CQAP (PM1UviA, 1993)

Analytical data generated prior to disposal will be reported fioin the PMRMA LSD to the
remediation contractor, who initiated the waste compatibility characterization request (see
Section32) The remediation contractor will submit the Insioncal data to the PNRUAA
Remedial Action Branch (RAB) and to the landfill operations contractor for evaluation and
clearance of the waste. Based on untial data evaluation, the PMIZMA RAB may identify
additional parties to assess the waste compatibility data (e g , a pretreatment contractor)

Official documentation of prehininary and final clearance for disposal in the onsite CAMU
landfill will be transmitted from the PMRMA RAB to the excavation and landfill operation
contractors (as well as appropriate pretreatment contractors) for each disposed waste stream
Such documentation will include the basis for clearance for each waste stream

A complete file of current and historical analytical data for each waste stream will be
maintained by the remediation contractor, the landfill operations contractor, and PMRMA.
Hardcopy data files will be maintained by PMIZMA at the RMA Technical Laformation Center
(RTIC), and electronic data will be maintained in the RMAED

Waste Disposal

Logs may be maintained by remediation contractors for excavation, pretreatment (if
necessary), and landfill disposal Excavation logs may include location information for each
allotment of waste that is excavated for disposal Landfill disposal logs may include grid
location information for each waste allotment in the landfill cells

Transfer logs may be employed by the excavation, pretreatment, and landfill operations
contractors to document the transfer of waste allotments and their locations within the
disposal cells

Additional, more detailed requirements for documentation and reporting of waste disposal activities,

including formats for logs and forms, will be defined during the design phase and will be included in

the disposal operations plans
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Documentation for Waste Analysis and Disposal
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8.0 ACRONYMS

Army U S Department of the Amy

As Arsenic

ASTM American Society forTesting and Materials

BTEX Benzene, toluene, ethylbenzene, xylene

CAMU Corrective Action Management Unit

CCR Colorado Code of Regulations

Cd Cadmium

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CEG Caton Exchange Capacity

CERCLA Comprehensive Environmental Response, Compensation, and laability Act

CFR Code of Federal Regulations

CHWMA Colorado Hazardous Waste Management Act

CLC2A Chloroacetic acid

COC Chain of custody

COR Contracting Officer's Representative

CPMSO p-Chlorophenylmethylsulfonde

CPMS02 p-Chlorophenylmethyl sulfone

CQAP Chemical Quality Assurance Plan

Cr Chromium

CVVTTS Comprehensive Environmental Response, Compensation, and laability Act (CERCLA)
Wastewater Treatment System

DAA Detailed Analysis of Alternatives

DBCP Dibromochloropropane

DCPD Dicyclopentadiene

DIMIP Dnsopropylmethylphosphonate
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Acronyms

DMMP Dimethylmethylphosphonate

DOT US Departm ent of Transportaton

FAL Environmental Analytical Laboratory

EC Exchangeable Cations

EPA U S Environmental Protection Agency

ESE Environmental Science and Engineering

FFA Federal Facilities Agreement

FOC Field Operations Coordinator

GB Isopropylmethylphosphonofluoridate

GC Gas chromatography

H Mustard

HCCPD Hexachlorocyclopentadiene

Hg Mercury

BLA Harding Lawson Associates

IRA Interim Response Action

L Lewisite

LSD Laboratory Support Division

mg/kg Milligrams per kilogram

MICE Morrison-Knudsen Environmental

NH., Ammonia

OCP Organochlorine pesticide

OPC Organophosphorous compound

OPP Organophosphorous pesticide

OSC Organosulfur compound

Pb Lead

PID Photolonization detector

PMIUVIA Program Manager for Rocky Mountain Arsenal
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Acronyms

PMSD Program Manager Support Division

PNA Polynuclear aromatic hydrocarbon

PPE Personal protective equipment

ppm Parts per million

QA/QC Quality assurance/quality control

QAC Quality Assurance Coordinator

RAB Remedial Action Branch

RJ/FS Remedial Investigation/Feasibility Study

RMA Rocky Mountain Arsenal

RMAED RMA Environmental Database

RTIC RMA Technical Information Center

S2 Sulfide

sops Standard Operating Procedures

State State of Colorado

TCLP Toxicity Characteristic Leaching Procedure

TDS Total dissolved solid-,

TOC Total organic carbon

TSS Total suspended solids

UX0 Unexploded ordnance

VHO Volatile halogenated organic

VX Ethyl S-2-diisopropylaminoothylmethylphosphorotluolate

WAP Waste Analysis Plan

yd 3 Cubic Yard

0 F Degrees Fahrenheit

121007 70SOll i Harding Lawson Associates D-27
1029061096 WP



Acronyms
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Table DI: Summary of Wastes Disposed In Double-lined Cells
at the RMA Onsite Hazardous Waste Landfill

Waste Chemical Composition
Identification Basis for Disposal in Hazardous Waste Limdfill. (ppm),

South Plants Central Principal Threat and Human Health Exceedance OCPs 7 5 to 580
Processing Area Soil for OCPs, VHOs, DBCP, CLC2A, As, Hg, trace VHOs 19 to 580

metals Potential agent presencec DBCP 275
CLC2A 13
HCCPD 28
DCPD 67
As 230
Cd 51
Cr 20
Hg 300
Pb 310

Balance of South Principal Threat and Human Health Exceedance OCPs 0 53 to 33
Plants Area Soil for OCPS, HCCPD, As, trace metals Potential HCCPD 23

agent and UXO presence' Cr 62
Hg 500
Pb 340

Section 36 Balance of Human Health Exceedance for OCPs, CLC2A 0CPS 0 10 to 24
Area Soil Potential agent and UXO presence' CLC2A 52

As 24
Hg. 046

Secondary Basin Soil Human Health Exceedance for OCPs, Cx OcPs 0 68 to 28.2
Cx 120d

North Plants Soil Human Health Exceedance for As As 21800

M-1 Pits Soil Principal Threat and Human Health Exceedance OCPs 0 099 to 0 55
for OCPs, HGCPD, DCPD, As, Hg Potential HCCPD 44
agent presence' DCPD 195

As 17,000
Cd 320
Hg 4,300

Hex Pits Soils Principal Threat and OcPs 1,000"
Human Health Exceedance for OCPs, HGCPD HCCPD 40,000d

Burial Trenches Soil Human Health Exceedance for Cr, Pb Cr 20
Potential agent and UXO presencec Pb 190
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Table DI (continued)

Waste Cheinical Composition
Identtfication. Basis for Disposal in Hazardous Waste Landfill (ppM),,,b

Sand Creek Lateral Human Health Exceedance for OCPs, CLC2A, 0CPS 0 04 to 27 8
Soil CX CLC2A 230d

Cr 180
Pb 800

Buried Lake Human Health Exceedance for OCPs OcPs 0 8 to 40
Sediments

South Plants Ditches Principal Threat and Human Health Exceedance OcPs 0 17 to 270
Soil for OCPs, trace metals As 042

Cr 12
Hg 030

Upper Derby Lake Human Health Exceedance, for OCPs 0CPS 0 7 to 11 8
Soil (Lake
Sediments)

Chemical Sewer Human Health Exceedance for OCPs, VHOs, OCPs 20,000d
System Soil (outside HCCPD, DBCP, CLC2A, As Potential agent VHOs 400d
of the South Plants presence' HCCPD 4,000"
Central Processing DBCP 32,000d
Area) CLC2A 230d

As 740

Agent-contaminated Potential agent presencec Data to be obtained
Building Material during building

demolition prior to
pretreat3nent

M=tions Testing Toxicity characteristic as assessed by TCLP TCLP data to be
Group Debris and Potential UXO presencee generated during
Neaxby Soil excavation as necessary

prior to disposal

Toxic Storage Yard Human Health exceedence for CLC2A, CLC2A 115
Arsenic Potential agent presence' As 1,600

Sanitary Landfills Human Health exceedence for OCPs, metals OcPs 0 02 to 3 0
Cr 18
Pb 65
Cd. 58
Hg Oil
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Table DI (continued)

As Arsenic
Cd Cadmium
Cr Chromium
CLC2A Chloroacetic acid
DBCP Dibromochloropropane
DCPD Dicyclopentadiene
HCCPD Hexachlorocyclopentadiene
Hg Mercury
0CPS Organochlonne pesticide-,
Pb Lead
TCLP Toxicity Characteristic Leaching Procedure
TOC Total organic carbon
UXO Unexploded ordnance
VHOs Volatile halogenated organics

a Unless otherwise noted, chemical composition data have been collected from the Final Detailed
Analysis of Alternatives (DAA) Report, Version 4 1 (Foster Wheeler, 1995)

b Unless otherwise noted, concentrations listed below are modeled mean concentration values in
parts per million (ppm.) within the human health and/or principal threat exceedence volume to
be disposed

C Based on historical site use information, as noted in the Final DAA Report (Foster Wheeler,
1995)

d No modeled mean concentration reported, value represents a single detection or a modeled
maximum value in an isolated area-
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Table D2: Summary of Wastes Disposed in Triple-lined (Enhanced) Cells
at the RMA Onsite Hazardous Waste Landfill

Waste Basis for Hazard Chemical Composition
Identification Classification Physical Characteristics' (ppm)" b

Basin F Principal threat Est. pH and TOC: OCPs: 0.1 to 23,000
Principal Threat exceedances for assumed to be same as DCPD: 8 to 22,000
Soil 0CPS those for Basin F Waste- VOCs: 40 to 2,000

Pile Soil

Sand Creek Human Health Same as above OCPs.- 0.04 to 27.8
Lateral Soil Exceedance for: Pb: 9-1070

0cps

Basin F Waste Principal Threat and pH: 6.38 to 8.72 Total Analyses
Pile Soil Human Health density: 2022 to 2711 lb/yd' Ammonia (as N): 9200

Exceedance for: loadbearing: 2 5 ton/ft2 Cyanide: 0 581
OCPs, Volatiles, flash point: 70 to > OF Nitrate: 600
DCPD,CLC2A reactive: S2-: C 5 ppm OCPS 0 1 to 3,100

reactive: CY: < 2 ppm HCCPD: 5.5
reactive: NH3: 15 ppm DCPD: 1,500 to 2,000
TOC (TCLP): 420 ppm CLC2A: I 10 to 760
TOX (TCLP): < 5 ppm BTEX: 0.02 to 51

PNAs: 17 to 48
Ketones: 0.5 to 3.2
Methanol: 54.3
V HOs; 0.06 to I 10

TCLP Analyses
Endrin: < 0. 000 1 to 0 003
Antimony: 0.036 to 0.039
Arsenic: < 0.015 to 0.134
Barium: 0. 183 to I
Cadmium: <0.005 to 0.055
Chromium: <0.006 to 0. 151
Lead: < 0.030
Nickel: 0.161 to 0.324
Selenium: < 0,038
Silver: < 0.009
Thallium: < 0. 110
Mercury: <0.0005 to 0.0006

BTEX Benzene, toluene, ethylbenzene, xylene
CLC2A Chloroacetic acid
CN Cyanide
DCPD Dicyclopentadiene
HCCPD Hexachlorocyclopentadiene
HLA Harding Lawson Associates
Ketones Acetone, 2-butanone
Major cations Calcium, magnesium, potassium, sodium
MKE Morrison-Knudsen Environmental

TtEC CAMU Designation Document, Errata Sheet, 2/3/06 1 of 2



Table D2 (continued)

NH, Ammonia
0CPS Organochlorme pesticides
PNAs Polynuclear aromatic hydrocarbons
S2 Sulfide
TCLP Toxicity Characteristic Leaching Procedure
TOC Total organic carbon
TOX Total organic halogens
VHOs Volatile halogenated organics

a Physical characteristics data reported for lame Basin Soil are estimates based on soil samples collected near
the Lime Basins during the Phase H Onpost Feasibility Study (Woodward-Clyde, 1993b) and on hme-
containing soil samples collected by BLA (BIA, 1994) Chemical composition data for Lime Basin Soil are
modeled mean concentration values in parts per million (ppm) within the exceedance volume to be disposed,
as presented in the Final Detailed Analysis of Alternatives (DAA) Repoit, Version 4 1 (Foster Wheeler, 1995)

b Physical characteristics data reported for Basin F Waste Pile Soil were collected for drummed Basin F soil by
BLA(1994) Chemical composition data for Basin F Waste Pile Soil are ranges or maximum concentrations
that have been condensed from the Final DAA Report (Foster Wheeler, 1995), and from data reported for
drummed Basin F soil by NfKE in 1989 and BIA in 1994

2 of 2 Harding Lawson Associates 21907 7050111
1128031396 WP



Table D3: Summary of Basin F Waste Pile Leachate Data and Basin F Liquid Data

Chemucal
waste PhYSICal Composition

Idenhficahon Charactemsticsa (ppin)","

Basin F Waste Pile pH 792to942 Sulfate 23 to 54,533
Soil Leachate TDS 06to372% Chloride 1032 to 190,000

TSS <4 to 1721 ppm DMMP 0 01 to 5 6
SC 217,000 to 530,000 limhos/cm CPMS02 0 02 to 19
Total hardness 56,000 to 217,000 ppm VHOs 0 026 to 1 1
TOC 18 to 49 ppm BTEX 0 006 to 0 046
TOX 80 to 220 ppm DRAP 0 74 to 1 3
COD 49 to 280 ppm. CPMS 0 23 to 0 31

CPMSO 2 8 to 4 0
Ketones 0 005 to 15
IMPA 560 to 730
OSCs 0 007 to 580
Cyanide 0 42 to 0 87
Fluoride 32 to 36
Nitrate (as N) 870 to 930
Alkalinity 17 to 30
Amrnoma nitrogen 21 to 23
Phosphorus 20 to 21
Sulfide 26 to 32
.As 1 1 to 1 4
Hg 0 012 to 0 016
Trace metals 0 033 to 250
Major cations 7 0 to 100,000
OCPs 0 0002 to 0 170
OPPs 0 006 to 0 013
DCPD 0 042 to 0 050

Basin F Liquid OCPs 0 1 to 2 9
HCCPD 19
OSCs 0 1 to 120
CPMSO 25 8
CPMS02 200
OPPS 0 1 to 0 9
VHOs 0 003 to 0 1
DIMP 123
DMIvfP 2,000
Major cations 250 to 61,000
Trace metals 0 4 to 5,860
BTEX 0 008 to 0 01
As 3 9
Hg 340
Fluoride 170
Chloride 160,000
Sulfate 47,000
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Table D3 (continued)

Chemical
waste PhysiLcal ComposAaon

Idenhficalhon Charactensfacs' (Ppm)"

Basin. F Liquid Cyanide 155
(continued) Nitrate 1,300

Total nitrogen 104,000
Total phosphorous 16,200

As Arsenic
BTEX Benzene, toluene, ethylbenzene, xylenes
CPMS p-Chlorophenylmetliyl sulfide
CPMSO p-Chlorophenylmetliyl sulfoxide
CPMS02 p-Chlorophenylmethyl sulfone
DCPD Dicyclopentadiene
DUSAP Dnsopropylmethylphosphonate
DMNT Dimethylmethylphosphonate
HCCPD Hexachlorocyclopentadiene
Hg Mercury
RSAPA Isopropylmethylphosphomc acid
Ketones Include methyl ethyl ketone, acetone, and methyl isobutyl ketone
Major cations Calcium, magnesium, potassium, sodium
N Nitrogen
0CPS Organochlonne pesticides
OPCS Organophosphorus compounds
OPPS Organophosphorus pesticides
Oscs Organosulfur compounds, include dithiane, benzothiazole, 1,4-oxathiane,

thiodiglycol, tbiodiglycohc acid, and dimethyl disulfide
ppm Parts per million
TDS Total dissolved solids
Trace metals Aluminum, antimony, barium, boron, cadmium, chromium, cobalt, copper, iron, lead,

manganese, nickel, zinc
TSS Total suspended solids
VHOs Volatile halogenated organics

a Data for Basin. F Waste Pile leachate have been condensed from the Final Basin F Waste Pile
Annual Data Collection Report (HLA, 1994), the Rocky Mountam Arsenal Contingency Plan,
Revision 4 0 (Weston, 1991), and from leachate data collected by HLA in March, 1994, (see
Appendix A of the CDD)

b Chemical composition data for Basm F Liquid have been summarized from the Rocky Mountam
Arsenal Contingency Plan, Revision 4 0 (Weston, 1991)
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Table D4., References Presenting Characterization Data for
Waste Streams Disposed in the Onpost CAMU at RMA

R171C Reference
Number Document Name Data Presented

95290R01 Final Detailed Analysis of Statistical summaries of target
Alternatives Report, Version 4 1, chemical characterization data for
Volumes I through VII (Foster all designated waste stre s
Wheeler, 1995) (includes all waste streams

designated for disposal in the
onpost CAMU)

92017ROI Final Remedial Investigation Summaries of target chemical
Summary Report, Version 3 2, Vol I, characterization data for
Appendices A, C, E (Ebasco, 1992) contaminated areas and media at

RMA

91081R01 Soil Investigation and Inventory of Physical characterization data for
RMA (J P Walsh, 1988) RMA soil media Includes chenucal

indicator parameter data (pH. EC,
exchangeable bases, CEC, moisture,
lime content, organic carbon
content) Data are reported for soil
boring samples collected across the
site

88344ROl Determination of Partition Presentation of partition coefficients
Coefficients for the Primary for RMA chemicals in contaminated
Contaminant Sources of Section 36, soil and wastes at RMA Includes
Version 2 2 (ESE, 1988) discussions of soil chemical and

physical properties relating to
contaminant transport

93137RO2 Final Technical Report, Phase II On- Chemical and physical
Post Feasibility Study, Version 3 0, characterization data for RMA soil
Volumes I and 11, (Woodward-Clyde, media Includes data for RMA
1993b) target chemicals, chemical indicator

parameters (CEC, extractable sulfur,
pH. organic carbon), soil
classification, soil testing (gram
size, Atterberg limits, moisture)
Data were collected for major study
areas of RMA (9 g , South Plants
Study Area, North Plants Study
Area, North Central Study Area,
etc )
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Table D4 (continued)

RTIC Reference
Number Document Name Data Presented

93137ROl Final Technical Report, Phase I Chemical and physical
Feasibility Study, Version 3 1, charactenzaton data for RMA soil
Volumes I and 11, (Woodward-Clyde, media Includes data for RMA
1993a) target chemicals, chemical indicator

paiameters (CEC, extractable sulfur,
pH, organic carbon), soil
classification, soil testing (gram
size, Atterberg limits, moisture)

94187ROl Final Report, Feasibility Study Soil Total and TCLP analysis results for
Volume Refinement Program, Version soil boring samples from
2 0 (Ebasco, 1994) contaminated areas of RMA

Analyses for agent and agent
degradation products are included

93014RO2 RMA Innovative Technology Studies Chemical and physical
Program, Summary Results Report for characterization data for soil boring
Soil Vapor Extraction Bench-scale samples from former Basin F
Testing (Draft Final) (Harding Lawson
Associates, 1992)

94168ROl Final Technical Report, Task 93-04 Chemical and physical
Soil Vapor Extraction Screening characterization data for soil
Program, Rocky Mountain Arsenal, samples from South Plants and
Com rn erce City, Colorado (Harding former Basin F
Lawson Associates, 1994)

CAMU Corrective Action Management Unit
CEC Caton Exchange Capacity
EC Exchangeable catons
ESE Environmental Science and Engineering
RMA Rocky Mountain Arsenal
RTIC RMA Technical Information Center
TCLP Toxicity Characteristic Leaching Procedure
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Table DS: Analytical Parameters and Methods for Waste Analysis

Army Agent AnaIYSIS

I Field Screening Analysis for GB, VX, mustard, and Lewisite by Miniature Continuous Air
Monitoring Systems (NIMCAMs)

2 Laboratory verification analysis for GB, VX, mustard, and Lewisite by gas chromatography
(GC)

Waste Compalability Tests

I Corrosivityby EPA Method 1110

2 pH by EPA Method 9045A

3 Ignitability by EPA Method 1010

4 Free liqiuds by EPA Method 9095 (paint filter test)

5 Compatbility with corn rn ing] ed wastes by ASTM D-5058 90

ASTM American Society for Testing and Materials
EPA U S Environmental Protection Agency
GB Isopropy1methyl phosphonofluoridate (Sarm)
Vx Ethyl S-2-(iusopropylqmlnoethylmethylphosphorothiolate
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F-waste stream is scheduled for disposal

--------------------- i ----------------------
Ensting data are reviewed from the RTIO and/or RMAED to

generate a waste profile E

-------- 4 ---- -----------------
Compile and submit waste profile data to RIVIA for revov I

----------- -------- 4 ----------------------

Fýýdeamnce of waste stream for landfill ch

-------------------- 4 ----------------------
trilml excavatort/accumulaton of waste stream

41
Begin pro-dL,posal processing (e g drying solidifica

waste stream if required (see Section 3 1)

R necessary submit samples of initial excavation or pretreated pre-
processed waste for waste compatibility testing per WAID

------------------- I - --------------------

As necessary analyze initial waste samples for the was7te
I compatibility checks presented in Section 4 0

-------------------- 
------------- 

--------
Is

waste No identify and establish
compatible ........ tire reatiment or relocatewith other in landfill

wastes

+Ye s

7_ýt__.t waste compatibility
-------------------T ----------------------I Final clearance of waste stream for ch;ý;sal

-------------------- 4 ----------------------

continue excavabonýaccurnulation and begin landfill disposal of waste stream

As necessary venty waste compatibility as excavatori/accumulation
and disposal proceed it the observed character of the waste changes

and compatibility concerns anse

Is
Note The general approach presented herein is agent
conceptual and is subject to change Tile approach potentially Yes Perfoml continuous screening of waste forArmy Agents
for waste disposal will be more definitively established waste stream dunng excavationlaccumulation Confirm any possible

during the design and disposal phases <#t detections by Laboratory analysts

present 

in 

i's
No No Is

agent
present

Complete excavation am d, I

---- !+Y.es
File WAP related records in operating record 

Pretreat waste ýbby]

Prepared for Figure D1
Program Manager for
Rocky Mountain Arsenal Conceptual Waste CharacterLzabon Approach for
Commerce City, Colorado Wastes Disposed in the RMA CAMU Landfill

'PrepaTed by-
Harding Lawson Associates I



Har&mg Lawson Associates Log a**-
WASTE SAMPLING DATA SHEET P"

Sample ID Sample Media. Tam Data
[3 SoWsediment Sampling Cmw Members Organizabommitie
[] Debris
E]

Waste Stream ID Smog Type
Discrete Grab
Composite Grab

Wasie Stream DescnptKa Sampling Equipment: Sas Conditions
[:] Shovel
El Trier
[3Hand Auger
13 scoop

Descripbon of Sample Collection Activities

Ti me Location Procedures Visual Descaption Bottles Collected

WOO

4OW& IMF-

AW

Analym Requested Samplmg Site Health and Safety Measurements

[3 HNu Site Readings Sample Readings
[3 OVM
E] mmtip
11
Sena[

Comments Protective Level A B C D

HSO Signature

Samplees SVmwm

Prepared for Figure D2
Program Manager for
Rocky Mountain Arsenal Example Waste Sampling Data Sheet
Commerce City, Colorado
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Harding Lawson Associates 707 Seventeenth Street. Suite 2400
Denver, CO 80202 303/292-5365

Sample Number u
Sample Type: nique:
Depth. atefrime:
Analysis
Prese 

vr'ývConta:inerý
Rem
Sampler's Signature*

Prepared for. Figure D3
Program Manager for
Rocky Mountain Arsenal Example Sample Label
Commerce City, Colorado

Prepared by.
Harding Lawson Associates



Hwdl Lawsw Amoditin
2400 = TM.
707"MWw1h8nW
Dwriw. CO 80202
3034924M Lab I D.:
TWooW 3MrA2-6411

Work Authoftation Number
CHAIN-OF-CUSTODY RECORD Sample Rour&Eplsode

PMjectNa=/Pw)9CtNo Sample Date Sample Technique Sda klentrileatim

Sampler (Signature) Sample Depth (FQ File-Typa/Matrec s;* Type

- - - I I I

TIME J TAG NO ANALYSIS REQUIRED CONTAINER PRESEWATiVEIREMAPM

RelanquishGd by (Signature) DatmTjrrw ReCGWGd by (Signature)

Relenqumhad by (Signature) DalwTirrie Remved by (Signature)

ReleNuished by (Signature) DatQTuw Received by (SignaWrd)

Relenquished by (Signature) Dat&Tune Rw*rjed by (Signature)

Airbill Number

L"W".0w PM-M Cw FidderofteCoW101* 19108 H
Prepared for Figure D4

Program Manager for
Rocky Mountain Arsenal Example Chain-of-Custody Form
Commerce City, Colorado

Prepared b
Lding Lawson Associates
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Appendix E

The outline below has been prepared to describe the general content of the appendix During or after

desi8n, the outline should be reviewed for apphcability and revised as necessary

10 Introduction

11 Purpose and Scope

1.2 Organization

20 Access Control

21 Rocky Mountain Arsenal Access

22 CAMIJ Access

2 3 Active Waste Management Areas Access

30 Perimeter Controls

40 Warning Signs

50 Acronyms

60 References
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Appendix F

The outline below has been prepared to describe the general content of the appendix Duringorafter

design, the outline should be reviewed for applicability and revised as necessary

10 Introduction

1 1 Purpose and Scope

12 Organization

20 General

21 Instructor Qualifications

22 Training Schedule

2 2 1 On-the-job Training

2 2 2 Classroom Training

3 0 Curriculum

31 Emergency Response

3 11 Spill Response

3 12 Fires and Explosions

3 13 Natural Forces

314 Other Emergencies

315 Emergency Shutdown Procedures

3 2 Emergency Equipment

3 3 Alarm and Communi cation Systems

34 Waste Management

40 Recordkeeping

41 Job Descriptions

42 Training Descriptions

43 Training Records

5 0 Acronyms

60 References
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The outline below has been prepared to describe the general content of the appendim During or after

design, the outlme should be reviewed for applicability and revised as necessary

10 Introduction

1 1 Purpose and Scope

12 Organization

20 Inspection Requirements

21 Landfill Cells

22 Run-on/Runoff Control Systems

23 Decontamination Facilities

24 Basin F Waste Pile Drying Unit

25 Waste Staging/Consolidation Areas

26 Emergency Response Systems

27 Other Areas

3 0 Inspection Schedule

3 1 Daily Inspections

3 2 Weekly Inspections

3 3 Monthly Inspections

3 4 Quarterly Inspections

3 5 A=ual Inspections

4 0 Deficienc% Correction Requirements

5 0 Recordkeeping Requirements

51 Inspection Logs

5 2 Deficiency Correction Logs

6 0 Acronyms

7 0 References
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The outline below has been prepared to describe the general content of the appendix During or after

design, the outIme should be reviewed for applicability and revised as necessary

i o hitroduction

1 1 Purpose and Scope

12 Organization

20 General

21 Applicability

22 Construction Quality Assurance Personnel

221 Organi ation

2 2 2 Qualifications

223 Responsibilities

23 Terminology

23 1 Construction Parties

23 2 Definitions

24 Reference Standards

3 0 Earthwork Construction Quality Assurance

3 1 Foundations

3 1 1 Cell Subgrade

312 Cover System Subgrade

3 2 Structural Fill

3 2 1 Embankments

3 2 2 Anchor Trenches

323 Other Areas

3 3 General Fill

3 3 1 Operatons/Frost Protection Layers

332 Other Areas
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34 Clay Liners

341 Materials

3 4 2 Placement

343 Protection

3 5 Drainage Materials

36 Biota Barrier

40 Flemble Membrane Liner Construction Quality Assurance

41 Manufacture

42 Delivery and Storage

43 Installation

44 Conformance Testing

50 Geonet Construction Quality Assurance

51 Manufacture

52 Delivery and Storage

5 3 Installation

54 Conformance Testing

60 Geotextile Construction Quality Assurance

61 Manufacture

62 Delivery and Storage

63 Installation

64 Conformance Testing

70 Geocomposite Construction Quality Assurance

71 Manufacture

72 Delivery and Storage

73 Installation

74 Conformance Testing
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80 Geosynthetc Clay Liner Construction Quality Assurance

81 Manufacture

82 Delivery and Storage

83 Installation

84 Conformance Testing

90 Pipe Construction Quality Assurance

91 Manufacture

92 Delivery and Storage

93 Installation

94 Conformance Testing

100 Miscellaneous Construction Quality Assurance

101 Pumps

102 Level Indicators

103 Access Ramp Surfacing

110 Surveying

120 Documentation

121 Field Logs

122 Design and Specificaton Changes

123 Certification Report

130 Acronyms

140 References
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1.0 INTRODUMION

This Conceptual Test Fill Work Plan (Work Plan) has been prepared as an appendix to the Corrective

Acton Management Unit (CAMTJ) Designation Document (CDD) in support of the designation of a CAMU

as part of the remedy for cleanup of the Rocky Mountain Arsenal (RMA), located in Adams County,

Colorado This Work Plan will be used as a guide for development of the final procedures for the

construction of Test Fill 3, and subsequently for specifications and Construction Quality Assurance Plans

for landfill liner and capping systems The CAMU will be designated by the Colorado Department of

Public Health and Environment (CDPHE) in accordance with Section 264 552(a) of 6 Code of Colorado

Regulations (CCR) 1007-3 under the authority granted to CDPHE by the Colorado Hazardous Waste

Management Act- The designation will be part of a corrective action order issued under the authority of

25-15-308 C R S The CDD and its appendixes are being submitted to the CDPHE in conformance with

Section 264 552(d) of 6 CCR 1007-3

The CDD has been prepared by Harding Lawson Associates (HIA) as a contract deliverable under

Delivery Order 0007 (Task 93-03, Feasibility Study Soil Support aogram) of Contract DAAA05-92-DO003

between BIA and the U S Department of the Army (Army) This document has been prepared at the

direction of the Army for the sole use of the Army, the signatories of the Federal Facilities Agreement

(FFA) of RMA, the State of Colorado (State), AdqTn County, and Th-County Health Department, the only

intended beneficiaries of this work. This document has been prepared for designation of a CAMU at

RMA and should not be used for any other purpose

1.1 Background

Two compacted clay liner (CCL) tests fills (Test Fills 1 and 2) were constructed in the southeast portion

of Section 25 during the summer of 1994 The primary ob)ectiveof this program was to demonstrate that

a hydraulic conductivity of 1 x 10' centimeters per second (cm/s) or less can be achieved with the onsite

clayeysoils These soils were obtained fxom borrow areas located within 2 males of Section 25 The

field-scale hydraulic conductivity of each of these two test fills was evaluated using a sealed double-ring
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infiltrometer (SDRI) and two-stage borehole permeameters (TSBP) The results of these field-scale tests

indicated that a hydraulic conductivity of I x 10-7 cm/s or less was achieved The results of Test Fills I

and 2 are presented in the Final Landfill Site Feasibility Report for the Feasibility Study Soils Support

Program, (Landfill FS report) (HLA, 1995a) included as Appendix R of the CDDI

While the Test Fill 1 and 2 results indicated that the minimum hydraulic conductivity can be achieved

with onsite soils, the Colorado Department of Public Health and Environment (CDPHE) in an August 30,

1995, letter to Program Manager for Rocky Mountain Arsenal (PNIRMA), raised general questions

regarding clay liner moisture conditioning, placement, and compacton. In addition to the questions

raised by CDPBE, the Army identified data needs relative to the development of CCL construction

specifications that were not objectives in the initial test fill program Thus, TestFM 3 willbe con-

structed to

Respond to the comment made by CDPHE

Provide additional test fill data that will allow the landfill designer to prepare construction
specifications and construction quality assurance procedures for CCLs

1.2 Purpose and Scope

The purposes of the test fill program described in this Work Plan are described below

1 To provide the Army with CCL construction specifications that provide the flexibility to construct
full-scale CCLs using equipment and procedures for CCL moisture conditioning, placement, and
compaction that will allow for more productive construction than the equipment and procedures
used for Test Fills I and 2

2 To evaluate the clayey soil within the footprint of the CAMU landfill cell excavation for
suitability of use as CCL material and possibly use this material to construct Test Fill 3

3 To evaluate the geotechnical property consistency of the five potential CCL material borrow areas
at RMA Four of these areas are identified in the Final Feasibility Soil Support Program (Borrow
Study Report) (HLA, 1995b) The fifth area is the clayey soil within the footprint of the landfill
cell excavations

4 To select which of these five areas are sufficiently similar and which of these areas are signif-
icantly different
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5 To select the borrow area for Test Fill 3 based on the landfill and the borrow area design being
performed by the U S Ariny Corps of Engineers, and the borrow area consistency evaluation
described in Item 4 above

6 To define any additional test fill data needs for future lanctfill construction that exist after the
construction and testing of Test Fill 3

The scope of this test fill program includes the following activities

Preparing, submitLing, and obtaining approval of this Conceptual Test Fill Work Plan

Preparing, submitLmg, and obtaining approval of the Final Test Fill Work Plan At the request of
CDPBE, the Final Work Plan may include detailed drawings and specifications for the construc-
tion of Test Fill 3, or further development and refinement of the procedures described in this
Conceptual Plan.

Tabulating and analyzing the geotechnical index properties (i e , proctor values, percent times,
Atterburg limits, hydraulic conductivity), submitting proposed borrow area consistency criteria
along with the supporting documentation to CDPBE for approval, and selecting which of the five
potential borrow areas (likely to be the landfill cell footpruat area) win be used for Test Fill 3
construction (discussed in Section 3.0)

0 Performing preconstruction testing and laboratory testing to obtain additional geotechnical index
parameter data and to establish the relationship between moisture, density, and hydraulic
conductivity of the Test Fil] 3 borrow material (discussed in Section 4 0)

0 Constructing the test fill using the most productive equipment, procedures, and specifications
necessary to obtain a hydraulic conductivity of 1 x 10-7 cm Is or less (discussed in Section 5.0)

0 Performing CQA monitoring and testing during construction of the test fill (discussed in
Section 6 0)

0 Performing post-test fill construction laboratory testing to verify that a hydraulic conductivity of
I x. 10' cin/s or less was achieved (discussed in Section 7 0), preparing CCL construction
specifications using the procedures and equipment used to construct Test Fill 3, and preparing
and submitting a bummary report.

Review data from all test fiIIs and identify additional futuie data needs

A CQA effort will be incorporated into the construction of the test fill The test flu will be constructed

by an earthwork contractor (Contractor) experienced in low-permeability soil (clay) liner construction.

CQA will be performed by a CQA Engineer who will perform tests and observations to evaluate the

effectiveness of the construction procedures and equipment in achieving the required hydraulic

conductivity at a workable moisture content range and at an achievable dry density range
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Test Fill 3 will be constructed on both a flat (5 percent or less) slope and a side (40 percent or less)

slope The slopes used for the test fill will be similar to those selected during design of the landfill cell

floor and sideslopes The test fill will be constructed near the location of Test Fills 1 and 2 using either

soil from one of the borrow areas identified in the Final Feasibility Study Soils Support Program Report

(Borrow Study Report) (HLA, 1995b) or onsite clayey soils excavated from within the expected footprint

of the CAMU landfill calls (Sections 25 and 26) Figure Ii shows the locations of Test Fills 1 and 2 and

the borrow areas used to construct them Figure Ii also shows the location of the borrow areas identified

the Borrow Study Report (Areas I through 4) and the landfill area of the CAMU (Area 5) Figure 12

shows a typical plan view and cross sections of Test FLU 3

Large-scale hydraulic conductivity will be evaluated by obtaining large diameter (typically 12 inches)

undisturbed soil liner samples and testing them in specially designed flexible wall permeameters in the

same manner as small diameter (2 8 inches) sleeve (Shelby) samples and in accordance with American

Society for Testing and Materials (ASTM) D5084 The large diameter undisturbed samples are com-m only

referred to as 'block" samples in published literature Published comparisons between the hydraulic

conductivity of large-scale block samples and the hydraulic conductivity of SDRIs have shown little

variation in the test results (Benson, 1993) except in cases where little or no Construction Quality

Assurance (CQA) %as performed

1.3 C"anization

The remainder of this appencbx is divided into seven sections Section 2 0 provides a discussion of

recent U S En%-Lro=ental Protection Agency (EPA) guidance and other reference documents applicable

to test fill construction Section 3 0 presents the scenano for comparing the geotechrucal property data

for the five potential Test Fill 3 borrow areas, selecting which of these areas are significantly different

and which are sufficiently similar, and selecting which of these areas will be used for Test Fill 3

construction Section 3 0 also provides a discussion of the CCL volumes needed for the landfill

construction, a discussion of the volume of potential CCL material available, and a discussion of how

these volumes will effect Test Fill 3 and future test fill construction Section 4 0 describes the precour
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struction laboratory sampling and testing activities and data interpretation methodology Section 5 0

provides the procedures for construction of the test fill Section 6 0 provides the CQA procedures for

construction of the test fill Section 7 0 provides the requirements of the post-construction testing and

the report to be generated at the conclusion of the test fill construction and post-construction laboratory

testing Section 7 0 also provides a discussion of the correlation between the measured hydraulic

conductivity of large diameter undisturbed (block) samples and that of field-scale hydraulic conductivity

measurements Section 8 0 provide-, a list of acronyms, and Section 9 0 is a bibliography
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2.0 REFERENCED DOCUMENTS

EPA guidance documents entitled "Quality Assurance and Quality Control for Waste Containment

Facihtes" (EPA, 1993) and "Requirements for Haza dous Waste Landfill Design, Construction, and

Closure" (EPA, 1989) discuss test fill design and construction and were used to prepare this work

plan Other older EPA guidance documents discuss test fill construction and the contents of these

were also considered in preparing this work plan. However, the two EPA documents referenced

above, the published information these EPA documents referenced, and other recently published

documents were used as the primary references in preparing this work plan References used to

compile this work plan are given in the bibliography in Section 9 0 Copies of the referenced

documents will be made available for review upon request
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3.0 BORROW AREA EVALUATION AND,'BELECTION

Ila January 1995, the Army published the Borrow Study Report This report evaluated potential CCL

material borrow areas at RMA and defined four areas that, based on geotechnical property data from

each of the areas, contained potentially acceptable CCL material in substantial volumes The four

areas identified in the Borrow Study Report are shown on Figure Ii and are desanbed below

Area I Area 1 is divided into two subareas located un-m ediately north of the landfill CAMU
boundary in the southern portion of Section 24 Area 1 contains approximately 12 million cubic
yards of potential CCL material

Area 2 Area 2 is divided into two triangle-shaped subareas One of the subareas is located in the
extreme southeast comer oi Section 25 and the other subarea is locited in the e3oxeme northeast
comer of Section 36 Area 2 contains approximately 800,000 cubic yards of potential CCL material

Area 3. Area 3 is a larger area encompassing the central portion of Section 29 This area is located
within the Bald Eagle Management Area (BEMA) Area 3 contains approximately 5 5 million cubic
yards of potential CCL material

Area 4- Area 4 is located immediately north of Area 3 in Section 21) Area 4 is also located within
BEMA Area4contain approximately5 0 million cubic yards of potential CCL material

As part of this test fill program, a fifth area (Area 5) Will be evaluated for inclusion as a potential

CCL borrow area The limits of Aree 5 have been mitally set as the limits of the landfill CAMU

boundary The subsurface soil located within the landfill CAMU boundary and within 30 feet below

ground surface (bgs) contain roughly 3 5 million cubic yards or more of material meeting the same

geotechnical target criteria as used for determination of Areas 1 through 4 The majority of this

volume is located within the central and eastern portions of the landfill CAMU area

Once the final areal extent and depth of excavation of the individual landfill cells within the landfill

area have been developed, Area 5 will be reduced to include the soil located within the general

excavation footprint of the individual landfill cells that meets the target anteria. given in Table Il

The Army does not anticipate excavating borrow soil from other areas within the landfill boundary

Utilizing Area 5 borrow soil will potentially allow the Army the flexibility to use excavated material

from the landfill cells to construct CCJs Utilizing clayey soil excavated from the landfill cells as
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CCL inatenal will help the Anny ineet U S Fish and Wildlife Service's (FWS's) goal of Tninirnizing

the area disturbed for borrow soil excavation.

The geotechnical property target anteria for low-permeabihty soil in Area 5 is the same as used in the

Borrow Study Report The Area 5 target criteria is given in Table II Table 12 summarizes the

geotechnical properties of borehole samples in Area 5 that meet the target criteria

Once Area 5 has been reduced to include only clayey soil that will be excavated as part of cell

construction, an evaluation will be made of the volume of CCL material needed for construction and

the volume of potential CCL material avaidable from excavation. If the volume required for cell

construction is greater than the volume available from cell excavation, Test Fill 3 will likely be

constructed using material from either Area I or Area 2 If the volume required for construction is

less than the volume available from excavation, Test Fill 3 will likely be constructed using material

from Area 5

Areas 1 through 5 are all located within two miles of each other Due to their proximity, Areas I

through 5 will be evaluated for consistency of geotechnical index properties as part of this test fill

program Section 2 4 4 1 of Chapter 2, Compacted Soil Liners in the EPA Technical Guidance

Document entitled, "Quality Assurance and Quality Control for Waste Containment Facilities (EPA,

1993), states that relatively homogeneous materials produce sunilar proctor value results and that

"As an approximate gmde, a relatively homogenous borrow soil would be considered
a material in which WopT (optimum moisture) does not vary by more than ± 3 percen-
tage points and ya... (maximum dry density) does not vary by more than ± 0 8 KN1W
(5 pcf) "

Using this guidance as a basis, the geotechnical property data (i e , proctor values, percent fines,

Atterburg hinits) for material meeting the geotechnical property target criteria in Areas I through 5

willbe tabulated and analyzed Once this is completed, proposed cntena for selecting which borrow

areas are significantly different and which borrow areas are sufficiently smiflar will be developed
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This criteria will then be applied to Areas I through 5 and a preliminary selection made of the areas

that are significantly different and the areas that are sufficiently similar The proposed cntena,

proposed consistency determination of Areas I through 5, and the supporting data will be submitted

to CDPHE for review

The required volume of CCL material needed to construct and close all of the landfill cell(s) is not

known as of February, 1996 If the double-lined cells are assumed to cover 60 acres and use 6 feet of

CCL in the base liners, if the triple-lined cells are assumed to cover 40 acres and use 9 feet of CCL in

the base Imers, and if all the cells use 2 feet of CCL in their covers, approximately 1 5 million cubic

yards of CCL material will be required Of the five borrow areas, only Areas 3 and 4 contain the

required volume The FWS has requested in working sessions that Areas 3 and 4 be avoided to the

extent possible. Therefore, designation of one of the potential borrow areas as the sole source of all

CCL material may not be feasible However, Areas 1, 2, and 5 may contain sufficient volume to

construct the base liner CCI'S or the cover CCL of individual cells If the consistency evaluation

described above does not result in any of the areas being considered as sufficiently similar, the need

to construct additional test fills will be further evaluated
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4.0 PRECONSTRUCIrION SAMPLING AND LABORATORY TESTING

A preconstruction. sampling and laboratory testing program will be completed prior to the test fill

construction and after selection of the Test FflI 3 borrow area If Area 5 is used for Test Fill 3,

further sampling and testing of the clay soils in this area will be performed as part of the work

described in the Work Plan for the Hydrogeologic: and Geotechnical Program (Field Work Plan) (HIA,

1995c) Sampling will be performed over the area expected to be cbsturbed for Test Fill 3 borrow

soil This area will be approximately 100 feet by 200 feet Approximately ten samples will be

obtained from the near-surface of this area at evenly distributed locations

4.1 Preconstruction Testing

After the near-surface clay samples axe obtained, laboratory testing will be performed following the

general methodology set forth by Daniel (1990b) and Trast (1993) Index tests (Atterberghmits and

particle size analysis) will be performed to evaluate the clay soils for suitability as CCL material A

mmimum of 10 index tests on the Test Fill 3 borrow soil will be initially performed Additional

index tests will be performed on samples obtained during construction of Test Fill 3 (discussed in

Section 6 0)

The average of the index test results must meet the requirements of Table 11 The Tninnnum index

properties for the Test Fill 3 borrow soil are as follows

Property Test Method Specification

USCS classification ASTM D2487 SC, CL, or CH
Percent fines ASTUI D422 zt 30 percent
Liquid Tornit ASTM D4318 ýt 30
Plasticity Index ASTM D4318 ;-ý- 11

In addition to the properties shown above, the final Work Plan may include "maximum particle size"

as a ciateria However, the evaluation for inclusion of "maximum particle size" as an index property

will consider that
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Oversized materials are more critical for the top lift of a soil liner, which is the lower
component of a composite liner

Observation by CQA personnel is a very effective way to verify that oversized materials have
been removed from the top lifts

The USCS classification specification is the same specification as used for Test Fills I and 2 The

other specifications were not included in the Test Fills 1 and 2 specifications The Test FLU I and 2

specifications are included are included in Append-ix R (Landfill FS Report)

When the index testing is complete, the relationship between moisture, density, and hydraulic

conductivity of the clay will be established for soil meeting the m7nanurn index properties The

establishment between the moisture, density, and hydraulic conductivity of the borrow soil will

follow the procedure set forth by Benson (1993) Standard Proctor (ASTM D698), modified Proctor

(ASTM D1557), and reduced Proctor tests will be performed on a composite sample of the individual

samples The reduced Proctor test procedure will follow the same procedure as for a standard

Proctor test with the exception that 15 blows per lift will be used instead of the 25 blows per lift

required by ASTM D698

The results of the three composite Proctor tests will be plotted on a moisture content versus dry

density graph along with the zero air voids curve The optimum moisture content for each Proctor

test will then be determined, and a "line of optimums" will be created by connecting the three

optimum moisture contents Bensonýs research has shown that a hydraulic conductivity of

1 x 10 ' cm/s or less will nearly always be achieved when samples are moisture conditioned and

compacted such that a plot of moisture content and density will fal.1 between the line of optimums

and the zero air voids curve This area will define the Potential Acceptable Zone (PAZ) A typical

moisture/density graph showing a plot of the three Proctor tests, the line of optimums, and the PAZ

is shown in Figure 13(a)

1-14 Harding Lawson Associates 21907 7050111
0105031296 TFP



Appendix I

The PAZ will be verified in the laboratory by remolding hydraulic conductivity samples (5 to

10 samples) to a range of moisture contents and dry densities within the PAZ The upper boundary

of the PAZ will be initially set as a vertical line located at the modified Proctor optimum moisture

content The lower boundary of the PAZ will be initially set as a horizontal line located at

100 percent of the reduced Proctor maximum dry density Figure B(b) shows a typical PAZ and the

approximate sample moisture contents and densities for remolded hydraulic conductivity testing

4.2 Data Interpretation

The results of the remolded hydraulic conductivity testing will then be plotted on similar mois-

ture/density graph with an open circle symbol for those samples with a hydraulic conductivity of

greater than I x 10 ' cm/s and a closed circle symbol for those samples with a hydraulic conductivity

of equal to or less than I x 10' cm/s The Acceptable Zone (AZ) win then be defined by reducing

the PAZ to include only the range of moisture content/dry density that results in passing hydraulic

conductivity The AZ will in no case extend to the left of the line of optimums This is shown in

Figure B(c)

After the AZ of moisture and density is established based on the laboratory hydraulic conductivity

test results the Limits of the AZ may be further modified depending on other factors required by the

Prelirninar-% CAML design One such factor would be that the lower boundary may be raised based

on the mimm= required shear strength requirements for slope stability and bearing capacity This

may be necessan because a CCL compacted near the lower boundary of the AZ will have less shear

strength (due to lo%% er density and higher moisture content) than a CCL compacted near the upper

boundarv of the AZ

When the fmal AZ is defined based on the preconstiuction. laboratory testing program and the

preliminary CAMU design, the AZ will become the "Placement Window" (PW) for test fill

constiucton- The PW will then be divided into two approximately equal zones These zones will be

identified as the Upper Placement Window (UPW) and the Lower Placement Window (LPW)
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The UPW and LPW will be used as target zones during the test fill construction to establish the

relationship between number of compactor passes, moisture, density, and hydraulic conductivity

Figure 13(d) shows a typical PW and the UPW and LPW Section 5 0, Construction Quality Assur-

ance Procedures, explain in detail the CQA monitoring, testing, and documentation requirements for

each lane and each lift of the test fill
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5.0 TEST FILL CONSTRUCTION PROCEDURES

The test fill will be constructed to the dimensions shown in Figure 12 CQA procedures to be

implemented by the Engineer are given in Section 6 0 The construction procedures and specifica-

tions to be adhered to by the Contractor are given below The Engineer will be responsible for the

Contractor's adherence to requirements given below The Test Fill 3 Contractor will be workmg

under the direction of the Engineer

The intent of this test fill program is to fi=sh the data that will provide the technical basis to

establish the detailed construction specifications for full-scale CCL construction. The specifications

will be based on the equipment and procedures used to construct Test Fill 3, as opposed to wntmg

detailed construction specifications for full-scale CCL construction and then constructing a test fill to

verify the adequacy of the specifications The specifications given below detail the

requirements for the test fill construction, but yet allow some flembility for some expenmentation

with different procedures and equipment in the construction of the lower two lifts

5.1 Site Preparation

The Test Fill 3 location is shown in Figure 11 The test fill subgrade will be constructed over an

existing slope located apprQximately 100 feet east of Test Fills 1 and 2 The footpnnt of the test fill,

processing area, and borrow area will be cleared and grubbed of all vegetation, debris, or other

deleterious matenal, as directed by the Engineer, and disposed of at a location designated by the

Army

5.2 Grading and Structural Fill Placement

Structural fill will be placed as necessary to construct a smooth, uniform surface for the test fill as

shown in Figure 12 and to the grades selected during the CAMU design. The material for the

structural fill will be obtained from the cleared and grubbed surface of the borrow area (Figure II)

Structural fill will consist of soil classified as SC, CL, or CH usingthe USCS. Structural fill will be

free of vegetation and debris and will contain a maximurn particle size of 4 inches The matenal will
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be placed in maximum 10-inch loose lifts and compacted to 95 percent of the maximum standard

Proctor density (ASTM D698) at a moisture content ± 3 percent of optimum Monitoring, testing, and

documentation of the structural fill placement will be performed by the Engineer After the subgrade

is constructed to the dimensions shown in Figure 12, the subgrade will be proof rolled to achieve a

smooth, uniform subgrade surface free of soft zones, irregularities, and loose earth The Engineer

will observe the proof rolling, and any unacceptable areas of the subgrade will be repaired to the

satisfaction of the Engineer

6.3 Soil Liner Conditioning

Soil to be used for the test fill construction will be obtained as directed by the Engineer from the

borrow area and placed in the processing area The soil will contain no more than a negligible

amount of organic or other deleterious materials and will contain no more than 5 percent gypsum or

calciumcarbonate Gypsum concretion, nodules, or other deleterious material will be less than

1 inch in largest diameter The soil will be processed and moisture conditioned to a maximum clod

size of 2 inches and to the specified moisture contents given in Table 13 Whenever more than

3 percent moisture is added to the soil, a Tninimurn hydration tune of 24 hours will be required prior

to compaction- Monitoring, testing, and documentation of the conditioning by the Engineer will be

as outlined in Section 5 0 A water truck equipped with a spray bar for even distribution of water

over a given area %%-LU be used for adding moisture to the soil The equipment listed below will be

evaluated to raise the initial moisture conditioning up to approximately the optimum moisture

content

A Rome disc and tractor

A Caterpillar SS250 soil stabilizer (pulvamixer) or equivalent

A Caterpillar SS250 soil stabilizer (pulvamixer) or equivalent will be used for final moisture

conditioning (above optimum moisture content) A rainimurn two passes of the stabilizer will be

made during final moisture conditioning
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S.4 Soil Liner Placement and Compaction

The soil Imer material will be placed and compacted using the follovnng procedures

I The processed soil liner will be removed from the processing area using scrapers or other
hauling equipment approved by the Engineer

2 The processed soil liner will be placed directly on the base section of the test fill and initially
spread to a norninal loose lift thickness of approximately 8 inches The first soil Imer lift
will be placed to a nominal loose lift thickness of 10 inches to immmize subgrade contamina-
tion A bulldozer, approved by the Engineer, will be used to spread the loose lift In no case
will the loose lift thickness exceed the length of the penetratmg foot of the compactor

3 The placed loose lift will be compacted by a Caterpillar 825c compactor Thecompactorwill
make the rommum, number of passes on each lift and in each lane as directed by the
Engineer and descnbedm Section 6 6 Each compacted lift,will be a nominal 6 inches or
less The loose lift thickness may be adjusted by the Engineer after the placement of the
second or third lift based on layer bonding observations.

4 Prior to placement of subsequent lifts, the preceding lift will be scanfled using either a
sheepsfoot compactor, the tracks of a bulldozer, or other method approved by the Engineer

5 A total of seven compacted lifts of the soil liner will, be placed to achieve 6 compacted lifts
After completion of Lift 7, the test fill surface will be graded to a minimum thickness of
3 feet

6 The finish grade surface of the test fill will be rolled smooth using a smooth-drum roller
approved by the Engineer

Numerous testing and inspection activities will occur during and between lift placement These

activities are described in detail in Section 6 0 The Contractor win spray water on the test fill

surface and surrounding areas as directed by the Engineer to prevent filgLtive dust emissions and soil

liner desiccation cracking

5.5 Soil Liner Surface, Protection

After the test fill construction and CQA sampling and testing activities are completed, the Contractor

will immediately cover the test fill surface with a separator geomembrane or geotextile approved by

the Engineer The Contractor will then cover the separator geomembrane or geotextile with a

mini'mum soil thickness of 4 inches This surface protection will remain in place until the test fLU

results have been received and the test results approved by CDPHE
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6.6 Drainage Control and Revegetation

The Contractor will regrade and revegetate all areas disturbed by the test fill construction as directed

bytheEngLneer Areas to be regraded and revegetated include, but are not limited to, the borrow

area, haul roads, and the processing area Regrading will consist of grading all areas to be relatively

free-draming All regrading will be done as directed by the Engineer Revegetation will be done in

accordance with the procedures given below

0 The topsoil will require grading, rakmg, and rolling with a roller weighing not more than
100 pounds per linear foot and not less than 25 pounds per Imear foot

0 The seed will meet the requirements of the U S Fish and Wildlife Service

0 Seeds will be sown by dividing the seed equally and sowing at 90 degree angles to produce a
uniform broadcast.

0 The seed will require raking into the ground and rolling with a roller, or other technique
approved by the Engineer

0 Seeding will not be allowed on ram compacted surfaces

0 Seeding will not be allowed when the wind velocity exceeds 6 miles per hour

0 No fertilizer will be applied

0 Native grass hay mulch will be provided by the Army

0 Mulch will be applied immediately after seeding

0 Mulch will be applied at a rate of 2 tons/acre

0 The mulch will be crimped immediately after application to prevent it from blowing away
I

The mulch must be placed loosely enough to allow some sunlight to penetrate and air to
circulate, but thick enough to shade the ground, conserve soil moisture, and
erosion
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6.0 CONSTRUCTION QUALITY ASSURANCE PROCEDURES

CQA procedures to be implemented during construction of the test fill will be carried out by the

Engineer The Engineer will be responsible for the surveying, testing, observation, and documenta-

tion requirements set forth below The Engineer will subcontract survey activities as necessary to

properly lay out and document the test fill construction

This section presents the conceptual CQA requirements for the Test Fill 3 construction- After

completion of the test fill program, detailed CQA requirements for full-scale CCL construction will be

prepared based on the observations and test results obtained during completion of the test fill

program

Testing frequency for index tests (Atterberg limits and particle-size analysis) for borrow material used

to construct Test Fill 3 will be developed following completion of borrow area evaluation presented

in Section 3 0 It is anticipated that the index testing frequency selected for the test fill will be

representative of the frequency contemplated for full-scale CCL construction

6.1 Site Preparation

The Engineer will be responsible for layout of the borrow area, Test Fill 3, the processing area, and

any associated haul roads The Engineer will monitor, direct, and document the Contractor's site

preparation activities set forth in SecUon 5 1 to verify compliance with this Test Fill Work Plan.

6.2 Grading and Structural Fill Placement

The Engineer will direct the Contractor's removal of structural fill borrow soil The Engineer will

observe, test, and document placing, compacting, proof rolling, and grading the structural fill to

verify that the specifications given in Section 5 2 are met, that the test fill subgrade is shaped to the

dimensions shown in Figure 12, and that the base and sideslope subgrade sections are graded to the

slopes provided in the preliminary CAMU design The Engineer wilid survey the surface of the test

fills subgrade to verify compliance with the requirements of tlus Test Fill Work Plan
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6.3 Soil Liner Excavation and Testing

The Engineer will lay out and direct the Contractor's excavation of the borrow area and wffl perform

index testing at a rate selected following the findings of the borrow area evaluation (see Section 3 0)

The index test results must meet the minimum requirements given in Section 4 1 A minimum of

two in situ moisture content tests (ASTM D4643 and/or D2216) per day will be performed on

material excavated from the borrow area Index testing will consist of the following.

Particle size analysis, including hydrometer testing (ASTM D422 and. D1140)

Atterberg limits (ASTM D4318)

Soils classification (ASTM 2487)

In addition to the index testing, it is anticipated that the Proctor tests listed below will be performed

at a rate that will be representative of the frequency contemplated for full-scale CCL construction.

Modified Proctor (ASTM D1557)

Standard Proctor (ASTM D698)

Reduced Proctor (ASTM D698 with 15 blows per lift)

The Engineer will observe and document the borrow area excavation to verify that only clay soils are

excavated The Engineer will observe and document that calcareous lenses and other deleterious

materials within the clay zones are not excavated and placed in the processing areas. At the

conclusion of excavation activities, the Engineer will verify that the Contractor regrades the borrow

area to be relatively free draining and also that the Contractor revegetates the borrow area in

accordance with the specifications given in Section 5 6

6.4 Soil Liner Conditioning

The Contractor will excavate the soil liner material from the borrow area and place it in the process-

ing area for conditioning The Engineer will direct and document the Contractor's conditioning of

soil liner material to verify that the equipment and procedures set forth in Section 5 3 are met The
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Engineer will observe and document the processing and moisture conditioning of the soil liner

material to evaluate the following

The amount and distribution (evenness) of water applied by the water truck with spray bar
The ability of the water truck to travel over the moistured clay will also be evaluated

The workability of the clay within the process area at various moisture contents

The number of passes, range of moisture contents, the distribution (evenness) of moisture
content, and the ranges of clod sizes that the Rome disc can effectively condition prior to
conditioning with the soil stabilizer The Engineer will observe, test, and document the
initial and final moisture contents of the soil liner material and the amount of moisture that
can be evenly and productively added to the soil liner material with the Rome disc

The number of passes, range of moisture contents, the distribution (evenness) of moisture
content, and the range of clod sizes that the Caterpillar SS250 soil stabilizer or equivalent can
effectively condition Experimentation with the soil stabilizer maybe performed to evaluate
whether this apparatus can be productively and effectively used for initial moisture condi-
tioning The Engineer will observe, test, and document the initial and final moisture
contents of the soil Imer material and the amount of moisture that can be evenly and
productively added to the soil liner material with the soil stabilizer

6.5 Soil Liner Lift Placement

After conditioning, the Contractor will haul the soil liner material f3 om the processing area and place

it over the base section of the test fill Iaft I will be placed in a 10 inch loose lift thickness This

will be done to avoid subgrade mixing with the first lift during compaction All subsequent lifts will

be placed in 8-inch maximum loose lifts The Engineer Will observe and document the Contractor's

placement of soil liner material to verify that the material is placed over the entire test fill area at the

specified lift thickness

Due to the heavily textured nature of lifts compacted with a sheepsfoot compactor, it Will be difficult

to physically measure the loose and compacted lift thickness The Engineer will visually monitor the

lift thicknesses and will take physical measurements where possible. Experimentation may be done

on Iafts 2 and 3 with various thicknesses to ascertain the most effective loose lift thickness
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6.6 Soil Liner Compaction and Testing

Soil liner compaction and testing activities will performed in accordance with Table 13 and in the

test fill lanes shown in Figure 12 Table 13 gives the target number of compactor passes for each lane

and each lift of the test fill Table 13 also gives the testing and sampling locations and frequencies

for each lane and lift of the test fill Due to the heavily twctured nature of sheepsfoot. compacted lifts

and the 8-mch nominal length of the compactor feet, it Will be necessary to test each lift after

placement and compaction of the overlying lift. The size of compactor and lift thickness were

chosen so that the feet of the compactor will penetrate the underlying hfL Compaction in this

manner will result in a Imeading action of the overlying lift and compaction of the underlying lift. It

also promotes layer bonding between lifts

6.6.1 Number of Compactor Passes

The Engineer will document the number of passes made over each lane of each lift (three lanes per

lift) This will be done to establish a correlation between the number of passes and dry density at a

specific moisture content range The number of passes shown for each lane of each lift in Table 13 is

only a preliminary estimate of the number of passes that will be required The Engineer Will test

each lane of each lift after the Tninnnum number of passes is made If the test results indicate that

the target area of the placement window (UPW for Lifts 1 and 2, LPW for Lifts 3 and 4, or the entire

PW for Lifts 5, 6, and 7) is met for that lift, no more passes will be made on that lift If the target

density area of the PW is not met, additional passes will be made until the target area is met. If the

target moisture content of the PW is not met, the area will be repaired or replaced as discussed in

Section 6 6 4

When the minimum number of passes necessary to meet the target area of the PW is defined,

additional passes, in increments of two to four, will be made in the next lanes to define the range of

the target area that can be met. This will be done to allow the Engineer to evaluate whether Soil

liner material at various moisture contents can be compacted to within the PW This will also allow

hydraulic conductivity samples to be obtained at a variety of locations within the PW
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6.6.2 Moisture and Density Testing

The Engineer will perform nuclear moisture/density tests (ASTM D3017 and D2922) at a Minimum

frequency of six per lift The six test locations Will be taken at a frequency of two tests per lane, one

on the base section and one on the sideslope section. One sandcone (ASTM D1556) or rubber

balloon (ASTM D2167) correlation test will be performed on each UL The Engineer will perform

both oven (ASTM D2216) and microwave (ASTM 4643) moisture content tests at the six test

locations when testing both Lifts I and 2 This will be done to establish a correlation between

nuclear, microwave, and oven-dried moisture contents The Engineer may increase the testing

frequencies based on previous test results

6.6.3 Hydraulic Conductivity Sampling and Testing

Hydraulic conductivity sampling will be performed at the locations L4ven in Table 13 Hydraulic

conductivity sampling will consist of two types sample sleeves (2 8-inch diameter) and block

(12-mch diameter) sampling

Sample sleeve sampling will be performed at nuclear test locations after completion of the nuclear

test. The samples will be obtained by pressing the tube into the test location using a hydraulic ]ack

and back pressure from a piece of heavy equipment (i e , the blade of a bulldozer or compactor) The

samples will be extracted by digging the soil liner away from the sides of the tube using hand labor

Upon removal, the samples will be immediately sealed to prevent moisture loss Aftersealing,the

samples will be labeled and prepared for archiving or shipment to the laboratory for hydraulic

conductivity testing

Section 2 5 1 of "Quality Assurance and Quality Control for Waste Containment Facihiaes" (EPA,

1993) states that one of the objectives of a test flu is, "To verify that the materials and methods of

construction will produce a compacted soil liner that meets the hydraulic conductivity objectives

defined for a project, hydraulic conductivity should be measured with techniques that will character-
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ize the large-scale hydraulic conductivity and identify any construction defects that cannot be

observed with small-scale laboratory hydraulic conductivity tests "

The SDRI and TSBP field-scale test methods were developed to measure the large-scale hydraulic

conductivity of low-permeability soil liners Of these held-scale test methods, the SDRI has become

the most widely used method primarily due to the large area tested (up to 25 square feet) compared

to the TSBP method (approximately 10 -inches) However, the calculated hydraulic conductivity

obtained from an SDRI is only an approximation of the true hydraulic conductivity Errors can easily

be introduced into SDRI calculations clue to the effects of soil (matric) suction, soil swell, and

inaccurate wetting front measurements (Benson, 1994)

The paragraph above lists one reason why the large-scale block samples were chosen to measure the

final hydraulic conductivity of the test fill Another reason for using block testing instead of SDRI

testing is that SDRIs (and TSBPs) cannot be practically performed on sideslopes when the soil liner is

constructed in lifts parallel to the sideslope A significant amount of research has been performed on

block-scale testing, particularly the Tornimum block size (diameter) necessary to accurately reflect

field-scale hydraulic conductivity This research has indicated that a block sample diameter of

approximately 12 inches can accurately reflect field-scale hydraulic conductivity (Benson, 1993).

Block test samples will be obtained by placing an approximately 12-mch-bigh by 14-mch-chameter

sampling ring with a beveled cutting edge over the area to be sampled A trench around the outside

of the sampling ring will then be excavated by hand to a depth of approximately 16 inches The

excess soil between the trench and the inside of the sampling ring will then be trim-med off using

trowels and knives until the sampling ring can slide easily downward around the test sample This

process will continue until 2 or more inches of the test sample are above the top of the sampling

ring
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The portion of the block test sample protruding from the top of the sampling ring win then be

tn=ed flush with the sampling ring The top of the sample will then be sealed with plastic wrap

(such as Visqueen) and duaL tape to prevent moisture loss The base of the sample will be freed from

the test fill using a wire saw or flat-headed shovels The sample will then be turned over carefully

and the bottom trimnied and sealed in the same manner as the top The sample win then be labeled,

sealed an additional time, and placed on a shipping palette for transportation to the testing

laboratory After removal of the block sample, the Engineer observe the resultant hole in the test fill

and document the layer bonding between lifts

Hydraulic conductivity testing for both the sampling tube and the block samples will be performed in

accordance with ASTM D5084

6.6.4 Other CQA Requirements

The Engineer will perform and document other CQA activities during the test fill construction

These activities will include repairing test holes, evaluating loose aD d compacted lift thickness,

evaluating layer bonding between lifts, evaluating the effectiveness of repair or removal and

replacement of sod liner areas falling to meet the placement specifications, evaluating the ability of

the heavy equipment to travel over the process area and test fill and to place and compact soil liner

on the sideslopes and documenting all aspects of the test fill construction.

Nuclear probe holes will be repaired by compacting granular bentonite into the bottom half of the

probe hole using the driving pin used to create the probe holes and then hydrating the bentonite

with water The upper half of the probe hole will be backfilled and hydrated in the same manner as

the bottom half Sample sleeve and sandcone or rubber balloon test locations will be repaired by

compacting processed clay and/or bentonite into the test locations using a sledge ham-mer or tamping

rod Sand used in sandcone tests will be removed prior to backfillmg Block samples will be

obtained after the test fill construction is completed at the locations given in Table 13 These

21907 7050111 Harding Lawson Associates 1.27
0105031296 TFP



Appendix I

locations will be filled with loose soil and compacted lightly using available equipment These

observations will be documented by the Engineer

As sTated previously, the evaluation of loose and compacted lifts will be difficrult to physically

measure The Engineer will visually monitor loose lift thickness and will obtain physical measure-

ments where possible Compacted lift thickness Will be measured by using a rod and level and

taking numerous measurements over a cross-sectional area before a lift is placed and after that lift is

compacted The nominal compacted lift thickness will then be calculated by using the average

vertical difference between the measurements These observations will be documented by the

Engineer

Layer bonding will be evaluated when excavating nuclear and block test locations Adozeror

compactor blade will be used totriin a test pad for nuclear testing The depth the test pad is

trimmed to be at or near the bottom of the sheepsfoot penetrations This depth is typically at the

interface between lifts One indicator of less than desirable layer bonding is whether the top lift

readily peels off when trimming the test locations Should tlus occur, the loose lift of the next lift

placed will be lessened until no peeling of the overlying areas is observed Layer bonding will also

be evaluated during or at the end of construction by trimming a vertical face along a portion or

portions of the edge of the test fill The vertical face win then be inspected for stratification between

lifts Effective layer bonding will be evident if no visual delineation can be observed between lifts

These observations will be documented by the Engineer

The evaluation of repair or replacement of defective areas will be based on professional)udgment If

it is determined that the soil is excessively wet or dry during initial lift placements, attempts will be

made to repair the soil liner in place If the soil is too wet, attempts will be made to dry it in place

by mixing the soil using the disc and/or soil stabilizer and letting it stand If this is found to be tune

consuming or ineffective, the lift will be removed and replaced If the soil is too dry, attempts will
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be made to add moisture by adding water and mixing the soil in place using the disc and/or soil

stabilizer If this is found to be time consuming or too difficult, the lift will be removed and

replaced The Engineer will document these activities

The Engineer will observe the ability of the heavy equipment used to construct the test fill to travel

over the loose wet clay in the process and test fill areas Certain types of equipment may be more

effective working within the process area flaan others The overall productivity of the equipment

used in the process area will be evaluated and documented The Engineer will also evaluate and

document the ability of equipment to work on the sideslope section of the test fill and the efficiency

of placing and compacting soil liner material on the sideslopes

Comprehensive documentatonwill be performed on a daily basis by the Engineer Thedocumenta-

ton will be both written and photographic Video tapes of various aspects of construction may also

bemade The daily written documentationwill consist of documenting all testing and observation

requirements given in this work plan including weather conditions, i elevant observations, equipment

in use, personnel onsite, and any pertinent conversations
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7.0 POST-CONSTRUCTION TESTING AND SUMMARY REPORT

Post-construction testing will consist of completing the laboratory mdex and hydraulic conductivity

testing on samples obtained during the test fill construction. When these data are complete, the

hydraulic conductivity results (both sleeves and block) will be plotted on a moisture/density graph

showmg the PW derived dunng the pre-construction testing and preliminary CAMU design The PW

will then be modified as necessary to reflect the actual PW Shouldconflictingor questionable

results be obtained, additional laboratory testing will be performed as necessary to confirm the test

h.11 results Although additional sampling is not anticipated, additional samples may be obtained by

removing a portion of the protective soil and separator geomembrane or geotextile and obtaining

samples as needed

The Engineer will prepare a summary report of the test fill construction and all laboratory testing

When data are assimilated and evaluated, recommended specifications for fiffi-scale construction of

the CAMU soil liners will be given at the conclusion of the surnmary report The summary report

will include the following

The results of the borrow area evaluation and selection

The ability of the selected borrow area and areas that have material with similar properties to
meet the total landfill borrow needs

A summary of the pre-construction testing program, including all test results

A summary of the test fill construction, including the mate rials, equipment, and procedures
used, the construction schedule, personnel involved, and pertinent weather data

A summary of the test fill CQA testing and observations, including all test results and daily
field reports

An assessment of the equipment and procedures used to construct the test fill and recom-
mendations for full-scale construction equipment and procedures

A summary of the post-constiuction testing, including test results

Recornm endations; for technical specifications for full-scale soil liner construction

An identification of any test fill data needs that may have to be addressed
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8.0 ACRONYMS

Army U S Department of the Army

ASTM American Society for Testing and Materials

AZ Acceptable zone

BEMA Bald Eagle Management Area

bgs Below ground surface

Borrow Study Report Final Feasibility Study Soils Support Program Report

CAMU Corrective Action Management Unit

CDD CAMU Design Document

CDPHE Colorado Department of Public Health and Environment

CHWMA Colorado Hazardous Waste Management Act

cmIs Centimet per second

Contractor Earthwork contractor

CQA Constrtiction Quality Assurance

Engineer CQA engineer

EPA U S Environmental Protection Agency

Field Work Plan Work Plan for the Hydrogeologic and Geotechnical. Program

FS Feasibility Study

FWS U S Fish and Wildlife Service

HLA Harding Lawson Associates

LandhE FS Report Final Landfill Site Feasibility Report for the Feasibility Study Soils Support
Program

LPW Lower placement window

PAZ Potential acceptable zone

PMIUAA Program Manager for Rocky Mountain Arsenal

PW Placement window

RMA Rocky Mountain Arsenal
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SDRI Sealed double-rmg mfiltrometer

State State of Colorado

TSBP Two-stage borehole permeameters

UPW Upper placement wmdow

1-34 Harding Lawson Associates 21907 7050111
0105031396 TFP



Appendbe 1

9.0 BIBLIOGRAPHY

Benson,CH 1994 Research developments in clay liner construction InProceeduigsofSohd Waste
Association o North Amenca, 32nd Annual International Solid Waste Expositzon

Benson,CH andFS Harcbanto 1992 Hydrauhcconducbv2tyasse?ssmentof compacted sailliners,
Final Report, Phase L Environmental Geotechnics Report No 92-4

Benson, C.H , F S Harchanto, and E S Motan. 1993 Representative specimen size for hvdrauhc
conductmty assessment of compactedsoil Imers, hydraulic conductiv7ty and waste contaminant
transport m sads, ASTM STP 1142, David Damels and Stephen J Trautwem, eds , Amencan Society
for Testing and Matenals, Philadelphia

Damel,DavidE 1990a. Summazy rmew of construction quaW control for compacted soil luiers
Geotechnical Special Publications No 26 Waste Containment Systems Construction, Regulation, and
Performance, Rudolph Bonaparte, ed

Daniel, D E and C H Benson 1990b Water content-density criteria for compacted soil liners,
Journal of Geotechrucal Engineeiing, v. 116, No 12, American Society of Civil Engineers

Geosyntec Consultants 1992 Report of resufts - testflU no 2, testflU program, secure cell no 2,
I-hghway36 hazardous waste treatment, storage, and d1sposa1jaCjhtj7, Adq7n County, Colorado,
March

Geosyntec Consultants 1993 Report of results -test X no 1, testfill program, secure cell no 2,
I-hghwoy 36 hazardous treatment, storage, and drsposalfaciW, Adams County, Colorado, January

Harding Lawson Associates 1992 Draft work plan for geotechnical support of the offpost remediation
program Rocky Mountain Arsenal, November

Harding Lawson Associates 1994 Fmal work plan for matenal and area jeasibiMy studies sads
support program, November.

Harding Lawson Associates 1995a Final landp site jeasibiWreport for the feasibilitystudy sads
support program, July

Harding Lawson Associates 1995b Fmalfeasibiblystudysoils supportprograin Report, January

Harding Lawson Associates 1995c Draft final closure plan and post-closure plan for the basin F
waste pde and former basin F capped areas, August

Harding Lawson Associates 1995d Draft ftnal work plan for the hydrogeologic and geotechnical
program, feasibiZily study soils support program, Rocky Mountain Arsenal, October

Luettich, S M, R Bonaparte, B A Coleman, and HM Tomlinson L995 PreconsLruction testing of
two soil Imer matenals Geotechnical Special Publication No 46, GeoEnvironment 2000, Y B. Acar
and D E Daniel, ed

TerraMatri:x 1995 Draft test fiH work plan for secure cefls 3 through 7, Highway 36 Hazardous
Waste, Treatment, Storage, and Disposal Facility, Adams County, Colorado, July

Trast, J M, and C H Benson. 1993 Hydrauhc conductmty, of thnieen compacted clays, Environ-
mental Geotechnics Report No 93-3 October 1993

21907 7050111 Harding Lawson Associates
0105031296 TFP



Appendix I

Trautweiii, S J., and C E Williams. 1990 Performance evaluation of earthen Jinars, Geotechnical
Special Publication No 26, Waste Containment Systems Construction, Regulation, and Performance
Rudolph Bonaparte, ed

U S Environmental Protection Agency 1986 Construction quaW assurance for hazardous waste
land &sposalfacibbes, EPA/530-SW-86-031, October

U S Environmental Protection Agency 1989 Requirements for hazardous waste landflfl design,
construction, and closure, EPA/625/4-89/022, August

U S Enviro=ental Protection Agency 1993 QuaW assurance and quaW control for waste
contammentfaczhties, Technical Guidance Document, EPA/600/R-93/182, September 1993

Wang, X, and C H Benson 1995 Infiltration and saturated hydraubc conductlwtyof compacted
clay

1-36 Harding Lawson Associates 21907 7050111
0105031396 TFP



Table III: Gootechnical Property Target Criteria

IFIEýst Low Permeability Sod Target Criteria

Afterberg Lu3nts
Liquid limit (LL) Z-- 35 percent
Plasticity index (PI) 15 percent

Gram-size distribution 50 percent passing No 200 sieve

Remolded permeability :5 1 X 10-7 CM/S

cm/s cent:uxieters per second
"I,I- greater than or equal to
< less ffian or equal to
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Table 12: Borrow Area 5, Gootechnical Data Summary for Soil Meeting
the Geotechnical Target Criteria

Passing Li Situ
Sample Sieve Moisture Liquid Plasicity Permeability Permeability Optimum Maximum
Depth USCS Soil No 200 Content TAMA Index atoOPercent atoSPercent Moisture DryDensity

Boring No (fe e t) Classification (percent) (percent) (percent) (percent) (cm/S) (CM/S) (percent) (pcf)

ASBI1594 4 CL 69 113 40 22
ASBI1694 28 CH 52 16 54 36
ASB11894 4 CL 83 104 44 23
ASBI1894 8 CL 81 94 43 24 8E-08 4E-08 14 1124
ASBI1894 12 CH 54 128 51 31
ASB11894 16 CH 59 177 57 31
ASBI1894 20 CL 72 176 49 31
ASBI1894 24 CL 85 18 48 31
ASBI19N 4 CL 58 82 41 22
ASBiI994 8 CL 58 7 7 42 24 7E-08 1E-08 152 1096
ASBi2094 8 CL 57 13 7 47 27 3E-08 IE-07 151 1123
ASB12094 12 CL 59 12 9 44 24
ASB12494 4 CL 61 9 3 41 19 313-08 2E-08 17 8 1059
ASB12594 4 CL 78 95 39 20
ASB12594 16 CL 54 7 5 38 21
ASB12594 20 CL 70 111 42 24
ASB12594 24 CH 72 167 60 41
ASB12594 28 0-1 77 177 76 56
ASB1'2794 12 CL 63 121 43 22
ASB12794 16 CH 88 206 71 46
ASB12794 20 CL 56 94 35 18
ASB12794 28 CL 81 9 2 36 18
ASB13294 16 CL 56 71 38 23
ASB13294 28 CL 80 15 3 45 29
BRBi2994 20 CL 62 9 2 37 22
BRB13094 24 CL 53 112 42 27 2E-07 IE-07 164 113.2
BRB13Q94 28 CH 81 10 4 50 34
BRB13594 12 CL 51 73 35 16 IE-07 IE-07 14 2 1149
BRB13594 16 C L 51 7 4 37 20
BRB13594 24 CL 54 9 4 48 31
BRB13594 28 CL 60 83 39 20
SABI1794 4 cli 56 103 57 37
SAB12194 4 CL 74 104 39 19
SABý2194 8 CL 56 7 8 39 24 8E-08 4E-08 15 3 1118
SAB 12194 20 CL 68 9 5 44 27
SAB12194 24 CH 89 14 53 35
SAB12194 28 cli 97 286 73 43
SAB12294 4 CL 71 10 38 17
SAB12294 8 CL 63 112 44 26
SAB12294 12 CL 53 116 48 31
SABý2294 16 CL 69 127 46 30
SAB12394 4 CL 55 96 39 15
SAB12394 12 CL 67 12 8 49 35
SAJ312394 24 CH 57 229 78 47
S-AB12' .94 28 CH 64 213 60 34
SAB12694 12 CL 59 106 37 19
SAB12694 20 CL 71 112 44 27
SAB12694 24 CL 52 11.2 43 29
SAB12694 28 CH 53 145 52 35
SA313194 16 CL 62 87 38 21
SABI3194 20 CL 65 9 4 41 21
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Table 12 (continued)

Passing In Situ
SampIe Sieve Moisture liquid Plasicity Permeability Permeability Optuntun Maximum
Depth USCS soil No. 200 Content Lunt Index at 9013ercent. at 95 Percent Moisture Dry Density

Boring No (feet) Classification (percent) (percent) (percent) (percent) (Cm/s) (Cm/s) (percent) (pco

SABI3194 24 CL 68 98 38 19
SAB13194 28 CL 63 104 42 22
SABI3194 30 CL 55 8 3 40 21
WEB11494 8 CL 62 101 41 24
WEB11494 16 CL 70 141 42 24

WEB11494 20 CL 59 145 44 26

AVERAGE 17 CL 55 121 46 27 8F,08 7E-08 154 1113
STDEV 8 N/A 11 43 10 8 5E-08 5E-08 13 29
MAXIMUM 30 CH 97 286 78 56 2E-07 IE-07 178 1149
NENI14UM 4 CL 51 71 35 15 3E-08 1E-08 140 1059

CH Inorganic clays of high plasticity Screening Criteria
CL Inorganic clays of low plasticity USCS Classification CL or CH
cm/s Centimeters per Second Passing Sieve No 200 > 50 percent
pcf Pounds per cubic foot Iaquid Liimt > 30 Percent
STDEV Standard Deviation Plasticity Index > 15 percent
USCS Unifted Soils Classification System Depth below Surface < 30 feet
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Table 13: Compaction and Testing Criteria for Test Fill 3

Objectives Lane I Lane 2 Lane 3

Place Lift 1 5 passes 10 passes 15 passes

Target UPW Check for sub8rade contamination Check for subgrade contamination Check for subgrade contamination

10" loose lift 1 moisture grab sample I moisture grab sample 1 moisture grab sample

Place Lift 2 5 or more passes 10 or more passes 15 or more passes

Target UFW 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear moistureldensity tests

Test Lift i One location on base section and One location on bass section and One location on base section and

8" loose lift the other on sideslope section the other on sideslope section the other on sideslope section

Place Lift 3 5 or more passes 10 or more passes 15 or more passes

Target IEW 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 -nil lear tests and 2 Shelby tubes

Test Lift 2 One location on base section and One location on base section and One location on base section and

(UM the other on sideslope section the other on sideslope section the other on sideslope section

8" loose lift

Place Lift 4 4 or more passes 6 or more passes 8 or more passes

Target LPW 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes

Test Lift 3 One location on base section and One location onbase section and One location on base section and

(LPW) the other on sideslope section the other on sideslope section the other on sideslope section
8" loose lift

Place Lift 5 4 or more passes 6 or more passes 8 or more passes

Target FW 2 nuclear tests and 2 Shelby tubes 2 nil lear tests and 2 Shelby tubes 2 nil lear test- and 2 Shelby tubes

Test Lift 4 One location on base section and One location on bass section and One location on base section and

(IM the other on sideslope section the other on sideslope section the other on siaeslope section

8" loose lift

Place Lift 6 4 or more passes 6 or more passes 8 or more passes

Target FW 2 nuclear tests and 2 Shelby tubes 2 nu lear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes

Test Lift 5 One location on base section and One location on base section and One location on base section and

8" loose lift the other on sideslope section the other on sideslope section the other on sideslope section

Place Lift 7 4 or more passes 6 or more passes 8 or more passes
Target FW 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes 2 nuclear tests and 2 Shelby tubes
Test Lift 6 One location on base section and One location on base section and One location on base section and
8" loose lift the other on sideslope section the other on sideslope section the other on sideslope section

Grade to 3 feet 2 nu lear tests and 2 Shelby tube 2 nuclear tests and 2 Shelby tube 2 nuclear tests and 2 Shelby tube
Tni-nirnum samples samples samples
Smooth roll One tost/sample set on base One test/sample set on bass One test/sample set on base section

surface section and the other on section and the other on and the other on sideslope
sideslope section sideslope section section

Obtain block 3 samples with 2 taken from the 3 samples with 2 taken from the 3 samples with 2 taken from the
samples upper foot and one taken from upper foot and one taken from upper foot and one taken from

the middle foot ofthe test fill the lower foot of the test fill the middle foot of the test fill

LPW Lower placement window

FW Placement window

UPW Upper placement window

I Test and sample locations will be selected at random by Engineer in the areas specified
2 Shelby and block samples will be taken perpendicular to the lift placement direction

21907 7050111 Harding Lawson Associates 1 of2
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Table 13 (continued)

3 Not all Shelby tube samples will be tested The Engineer will select a minimum of five for mitial testing The remainder will be
archived Archived samples may be tested at a later date

4 Shelby tube samples will be taken beneath the nuclear test location (adjacent to probe hole)
5 Block samples will be taken after completion of construc-tion. Block samples located below surface level will be obtained by

excavating through the overlying lifts to the required sample depths;
6 Iviiarowavo and oven moisture content tests will be performed on samples obtained Lt each nuclear test location when testing

Lifts I and 2
7 One sandcone or rubber balloon correlation test will be performed on each lift at one of the nuclear test locations
8 Field Test Methods

Nuclear Moisture Content ASTM D3017 Sandcone Density ASTM D1556
Nuclear Density ASTM D2922 Rubber Balloon Density ASTM D2167
Microwave Moisture Content ASTM D46413 Oven Moisture Content ASTM D2216
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Appendix J

The outline below has been prepared to describe the general content of the appendix During or after

design, the outline should be reviewed for applicability and revised as necessary

10 Introduction

I I Purpose and Scope

12 Orgam ation

20 Waste Description, Quantities, and Disposition

30 Waste Analyses

40 Contingency Plan Implementations

50 Inspection Records

60 Monitoring, Testing, and Analytical Data

70 Records of Corrective Acton

80 Annual Certification of Waste Minimization

90 Record Retention, Availability, and Disposition

100 Biennial Reporting Requirements

110 Additional Reporting Requirements

120 Acronyms

130 References
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Appendix K

1 .0 INTRODUCTION

This gmdehne for the development of a groundwater monitoring program has been prepared as an

appendix to the Corrective Action Management Unit (CAMTJ) Designation Document (CDD) in support of

the designation of a CAMU as part of the remedy for the cleanup of the Rocky Mountain Arsenal (RMA),

located in Adams County, Colorado It is contemplated that the CAMU will be designated by the

Colorado Department of Public Health and Environment (CDPBE) in accordance with Section 264 552(a)

of 6 Code of Colorado Regulations (CCF) 1007-3 under the authority granted to CDPHE by the Colorado

Hazardous Waste Act. The designation will be part of a corrective action order issued under the

authority of 25-15-308 C R S The CDD and its appendixes are being submitted to the CDPHE in

conformance math Section 264 552(d) of 6 CCR 1007-3 This appendix has been prepared byHarding

Lawson Associates (BLA) as a contract deliverable under Delivery Order 0007 (Task 93-03, Feasibility

Study Soil Support Program) of Contract DAAA05-92-DO003 between HOLA and the U S Department of

the Army (Army) This document has been prepared at the direction of the Army for the sole use of the

Army, the signatories of the Federal Facilities Agreement (FFA) of RMA, the State of Colorado (State),

Adams County, and Tri-County Health Department, the only intended beneficiaries of this work. This

document has been prepared for designation of a CAMU at RMA and should not be used for any other

purpose

This appendix provides guidance for the development of a detailed Groundwater Monitonng Plan for the

CAMU at RMA The objective of this appendix is to provide information on the methods, approach,

implementation, and procedures that may be incorporated into the CAMU Groundwater Monitoring

Program The final Groundwater Monitoring Plan will be responsive to the applicable CAMU Ground-

water Monitoring requirements The Groundwater Monitoring Plan will be subnutted to CDPHE for

review and approval in accordance with the schedule discussed in Section 5 0 of the CDD
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Appendix K

1.1 Purpose, Scope, and Organization

The CDD, including this appendix, will be submitted to CDPBE to support the designation of the CAMU

This document presents guidelines for the methodology the Army Will employ to provide groundwater

monitoring activities within the landfill CAMU areal configuration as required under 6 Code of Colorado

Regulations (CCR) 1007-3, Section 264 552 (e)(3) This document win not address the specific data

needs for the RMA sitewide Groundwater Monitoring Program often referred to as the RMA GNT The

RMA sitewide GMP as required by the Onpost Record of Decision (ROD) will be specifically addressed by

the ongoing RMA sitewide GNIP

This document was developed to provide a framework for development of the groundwater monitoring

program that will be implemented following designation of the CAMU After designation and prior to

operation, the groundwater monitoring program will provide pre-operational data to better define the

existing groundwater conditions in the landfill CAMU areal configuration These pre-operational data

will be utahzed to further develop detailed groundwater monitoring plans that will be implemented

during the operational period of the landfill Data collected through the operational period of the landfill

will also be used to develop groundwater monitoring plans that will apply during the closure and post-

closure care period These plans will be provided to CDPBE for review and approval according to

schedules for these activities

The framework for the CAMU Groundwater Monitoring Program described in this appendix

Provides a long-term groundwater monitoring strategy that includes the constituents of concern,
monitoring locations, frequency, and analytical methods

0 Provides guidance on a method and frequency for collecting groundwater-level measurements for
presentation on water-table suxface maps to assess groundwater flow directions and gradients

0 Defines quality assurance/quahty control (QA/QQ procedures for sample collection, analysis, and
well maintenance

0 Provides a framework for effective data management and data evaluation

0 Specifies record-keeping and reporting requirements
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Appendix K

The appendix is organ, ed as follows Section 10 provides an introduction to the overall monitoring

program by presenting the regulatory requirements, CAMU Boundary description, and site-specific

hydrogeology and current gi oundwater monitoring in the area Section2 0 presents some methods and

approaches to groundwater monitoring of the landfi]]. CAMU areal configuration through the pre-

operation, operational, closure, and post-closure periods Section 3 0 provides guidance on field

procedures for well installation, and groundwater sampling Section 4 0 describes quahty control

samples and Section 5 0 decontamination procedures Section 6 0 includes sample documentation and

shipping procedures Section 7 0 includes information on laboratory analyses and Section 8 0 on data

evaluation and record keeping Attachment Ki presents the results of a groundwater monitoring well

efficiency model that was used to assess the predicted efficiency of the proposed operational period

monitoring well network.

1.2 Regulatory Requirements

The regulatory requirements for this groundwater monitoring program are defined in 6 CCR 1007-3,

Section 264 552 (e)(3) This section requires that the groundwater monitoring program for a CAMU shall

Continue to detect and to characterize the nature, extent, concentration, direction, and movement
of emsting releases of hazardous constituents in groundwatel from sources located within the
CAMU

Detect and subsequently characterize releases of hazardous constituents to groundwater that may
occur from areas of the CAMU in which remediation wastes will remain in place after closure of
the CAMU

In conformance with these regulations, the groundwater monitoring program is outlined to first

characterize the emsting groundwater conditions within the landfill CAMU areal configuration and

subsequently monitor for potential releases within the CAMU landfill footprints

As part of Section 264 552 (e)(4)(u), a groundwater monitoring program Will be implemented to assist in

verifying that all waste from these CAW waste management activities, that will not result in waste left

in place, has been removed Specific monitoring methods and approaches is not specified in this

document since the location of these activities has not yet been defined (e g , waste staging and
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Appendix K

decontamination activities) The methods and approaches to monitoring specific to the regulatory

requirements of Section 264 552 (e)(3) are defined below

1.3 Landfill Area Description

The CAMU boundary, components, waste types, and waste volumes were described in detail in

Section 1 0 of this CAMU Designation Document The CAMU Groundwater Monitoring Program outlined

here addresses the area within the landfill CAMU areal configuration This area is roughly outlined in

Figure KI based an the landfill concept developed for CAMU designation

1.4 Site-specific Hydrogeology and Current Groundwater Monitoring

This section describes the site-specific geology and hydrogeologym the landfill CAMU areal configura-

ton The regional geology and hydrology for RMA have been discussed in detail in numerous reports

including HIA (1995a), J May (1982), Morrison-Knudsen Engineers, Inc (MKE) (1988), and Ebasco

Services,Inc (Ebasco) (1989) and are not repeated in the following discussion Further characterization

of the site-specific geology is described in the Part 2 Siting Criteria Compliance Demonstration in

Section 1 0 of Appendix A A brief overview of the geologic and hydrogeologic site conditions are

described below to provide a framework for understanding the design of the CAMU Groundwater

Monitoring Program

1.4.1 Geology

Immediately underlying the landfill CAMU areal configuration are Quaternary deposits that unconform-

ably overlie the Denver Fin The Quaternary surficial deposits, com rn only called the Quaternary

alluvium, consist of unconsolidated alluvial and colluvial fill and eohan sand The alluvial and colluvial

material is composed primarily of clay, silt, very fine- to fine-, to medium-grained sand with minor

amounts of coarse-grained sands and gravel The alluvium ranges in thickness from approximately 5 to

58 feet below ground surface (bgs) as measured in 38 boreholes drilled in 1994 and 1995 within the area

Underlying the alluvial materials is the Cretaceous-Tertiary age Denver Formation (Denver Fin), which is

composed primarily of claystone with interbedded siltstone, sandstone, and lignite The Denver Fm dips
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slightly (2 to 3 degrees) to the southeast The top of the Denver Fin is an erosional surface at RNIA In

the northern portion of Section 26 the Denver Fm is approximately 250 feet thick (Environmental Science

and Engineering, Inc JESE], 1988)

At RMA, the upper portion of the Denver Fin has undergone weathering and the thickness of this

weathered zone ranges from a few feet to several teris of feet Denver Fm bedrock at RMA is considered

weathered if it is red, orange, yellow, I an, or brown, highly or moderately oxidized throughout or along

fractures, closely to moderately fractured, or unconsolidated, crumbly or soft (BLA, 1995a)

Stratigraphic correlation of units within the Denver Fm is difficult because of the discontinuous nature of

the sandstone lenses and the lateral variability in thickness and composition of other units A relatively

thick, laterally continuous hgmte laye3, known as "lagnite A," occurs within the South Plants, Basin A,

and North Plants area Lignite A has been used as a marker bed from which the other zones within the

Denver Fm have been referenced (Ebasco, 1989) The stratigraphy of the landfill area illustrated in

12 cross sections is presented in Appendix A of the CDD

1.4.2 Hydrogeology

Groundwater at WA occurs under both unconfined and confined conditions The Quaternary alluvium

and weathered Den% e- Fin form a generally continuous groundwater system, and the groundwater system

istypicall3uncoafmed This flow system is referred to as the unconfined flow system (UFS) Confi-nin

strata inhibit ground%% ater interaction between the UFS and deeper, more permeable zones in the Denver

Fin, causing confined conditions to emst The confined groundwater underlying the UFS is referred to as

the confined flow system (CFS)

In the UFS, groundwater flow occurs in saturated alluvium and the upper Denver Fin At RMA,

groundwater flow in the UFS occurs pr3 Tn anly in the saturated alluvium, which generally has a higher

hydraulic conductivity and transmissivity than the unconfined weathered Denver Fm In the landEl

CAMU areal configuration, however, groundwater flow in the UFS occurs primarily within the weathered
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Denver Fin due to the hmited occurrence of saturated alluvium Therefore, groundwater flow is

relatively slow in the landfill CAMU areal configuration, compared to other areas of RMA where the UFS

flow is primarily withm saturated alluvium

Figure K2 illustrates UFS (alluvium and unconfined portions of the Denver Fm) water-table map for the

landfill area as presented in the most current version of the GNT Groundwater Monitoring Report (HLA,

1995b) The 1993 water-table map indicates that groundwater flow in the UFS is generally from the

southeast to the northwest In general, the configuration of the water table in the landfill CAMU areal

configuration resembles the configuration of the bedrock surface The water-tablesurface is highest

where the bedrock surface is high. The depth to groundwater in the area ranges from 20 to 70 feet bgs

The CFS consists of flow through generally unweathered Denver Fin sandstones, siltstones, and hgmtes

it
1.4.3 Current Groundwater Monitoring Program in the Landfill Area

Figure K2 illustrates the wasting groundwater monitoring wells in the landfill area As hsted. in

Table KI, there are currently 48 wells from the sitewide RMA Groundwater Monitoring Program used to

monitor the water levels in the landfill area As hsted in Table Ki, there are 4 UFS wells used to

monitor groundwater quahty in the eastern portion of Section 26 landfill area (U S Geological Survey

[USGS], 1995) Currently, no UFS or US wells are used to monitor groundwater quality in Section 25

(USGS, 1995)
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2.0 GENERAL GROUNDWATER MONITORING METHODS AND APPROACH

The CAMU Groundwater Monitoring Program outlined in this document has two primary objectives

to monitor the existing pre-operational UFS groundwater conditions within the landfill CAMU areal

configuration and to monitor potential releases to the UFS groundwater from the landfill footprint

during the operational time period This section provides information on how the framework for the

Groundwater Monitoring Program for the landfill CAMU areal configuration addresses both require-

ments Because the approach for monitoring will differ during the pre-operational, the operational,

closure, and post-closure monitoring periods, each of these phases of the program is discussed

separately below

2.1 Pro-Operational Characterization Within the Landfill CAMU Areal
Configuration

As discussed in Section 1 4 3, the 1995 sitewide RMA Groundwater Monitoring Program does not

include groundwater sampling of any wells in Section 25 (USGS, 1995) The characterization of the

pre-operational water quality conditions within the landfill CAMU areal configuration is an integral

part of the CAMU Groundwater Monitoring Program The detection of potential releases of

hazardous constituents to the groundwater from within the landfill CAMU areal configuration will be

based on the identification of a statistically significant increase in specific indicator constituents

above the known pre-operational conditions Therefore, a proposed pro-operational monitoring well

network, as well as proposed sampling frequencies and a proposed groundwater sample analyte list

were developed to characterize existing/background groundwater quality within the landfill GAMU

areal configuration It was important to develop specifics on this program prior to design so that

implementation of the program could begin as soon as practicable

The wells included in the proposed pro-operational water quality network were selected by reviewing

the site-specific hydrogeologic conditions including groundwater flow directions, hydraulic gradient,

and geology For existing wells, the well construction u-iformation and sampling history of each well

were also reviewed
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The proposed pre-operational UFS monitoring well network includes a minimum of 18 wells to

monitor the groundwater within the UFS in the landfill CAMU areal configuration The proposed

UFS network includes 14 existing wells and a minimum of 4 proposed new wells The location of

the 18 wells included in the proposed UFS pro-operational _, -mod monitoring well network is

illustrated in Figure K3 and a list of the proposed networks included in Table K2

The sampling frequency for the pre-operational UFS monitoring period will be quarterly for two

years If landfilling operations do not commence immediately after the final quarter of the 8-quarter

pro-operational monitoring period, a minimum of one additional quarter of UFS monitoring will be

performed prior to commencement of landfilling The pro-operational sample analyte list will be the

RMA Target Analyte List currently utilized for the current sitewide Groundwater Monitoring

Program The proposed analyte list is presented in Table K3

Water-level data collected during each UFS sampling event will be used to evaluate the groundwater

flow patterns in the landfill CAMU areal configuration Water-level data will be plotted in con)unc-

tion with the annual RMA GMP results

A plan for developing a pre-operational water quality characterization of the CFS will be submitted

for CDPHE review and approval This plan will evaluate the existing water quality data for the CFS

and assess the need for any additional CFS pre-operational water quality data collection If

additional data is required to adequately characterize the pre-operational CFS water quality, the plan

will detail the requirements for obtaining such data

Groundwater analytical data collected as part of the pro-operational monitoring program will be

reviewed initially to assess the existing background groundwater quality conditions within the

landfill CAMU areal configuration Statistical methods will be used to evaluate the operational,
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closure, and post-closure monitoring data using standard EPA guidance or other methods as

appropriate to the data (U S Environmental Protection Agency [EPA], 1989 and 1992)

EPA guidance states that the appropriateness of a specific statistical method depends on the

characteristics of the data set (EPA, 1989 and 1992) Important factors to be considered in selecting

an appropriate statistical method include the apparent distribution of concentrations and the number

of monitoring wells, nondetects, parameters, and sampling events For the CAMTJ Groundwater

Monitoring Program, no one specific method will be selected for evaluation of the data until at least

one full year of data has been collected The statistical method win be selected at that time to take

into consideration the site-specafic characteristics of the data set

2.2 Operational Detection and Characterization (of Potential Releases From
the Landfill CAMU Areal Configuration

The proposed operational groundwater monitoring well network and sampling frequencies are

outlined in this document so that potential releases of hazardous constituents to groundwater as a

result of CAMU operations within the landfill CAMU areal configuration can be detected and

characterized The proposed operational period monitoring well network outlined includes 15 wells

to monitor groundwater within the UFS in the landfill CAMU areal configuration Ifadetectionis

confirmed, within the landfill CAMU areal configuration, that is a statistically significant exceedance

above the pre-operatonal concentration, monitoring of the CFS win be implemented The location of

the proposed 15 wells included in the operational period monitoring well network is illustrated in

Figure K4 and a list of the proposed networks is included in Table K? As design proceeds and the

footprint of the landfill is better defined, more detailed monitoring plans will be submitted to GDPBE

for approval

The wells included in the proposed operational period monitoring well network were selected by

reviewing the site-specific hydrogeologic conditions including groundwater flow directions, hydraulic

gradient, and geology as well as construction information and sampling history of each specific
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existing well The proposed operational period well network has fewer wells than the

pre-operational well network because as illustrated in Figure KI 2, the proposed locations of the

landfill cells would most likely require abandonment of at least three well clusters If the landfill

cell layout does not require abandonment of any of the three well clusters, they will be evaluated for

inclusion in the proposed operational monitoring well network. Furthermore, if wells included in

the proposed operational well network become damaged or otherwise unsuitable for sampling, a

suatable replacement well will be installed, as necessary Installation of the replacement well will be

subject to CDPBE approval

The proposed operational monitoring well network was evaluated using a Monitoring Efficiency

Model (M]EMO) developed by Wilson and others (1992) MEMO provides a computerized method for

optimnang monitoring well locations at waste management areas MEMO quantifies the efficiency of

a given well configuration by predicting areas where a chemical release would not be detected by the

network. Monitoring efficiency is defined as the probability that a single source occurring in a

random location within the extent of a site will be detected before resulting in detectable concentra-

tions outside the boundary of the site

For this evaluation, because the objective was to evaluate the efficiency of the proposed operational

monitoring well network, information on the site geometry, hydrogeologic: characteristics, and

existing monitoring well locations was input into the MEMO modeling program Figure KI 2

illustrates the site geometry and the proposed well network. Based on cuxrent understanding of the

groundwater flow conditions in the area, the upgradient boundary for the site was defined as the

southern boundary of the landfill GAVLU areal configuration Likewise, the downgradient boundary

of the site was defined as the north, east, and west boundaries of the landfill CAMU areal

configuration
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Based on the proposed well network, NfEMO predicts a monitoring efficiency of 99 percent A

99 percent efficiency inchcates that releases occurring over 99 percent of the source area would be

detected by the well network The results of the modeling indicate that the proposed operational

well network is an efficient system for monitoring the conditions within the landfill CAMU areal

configuration- Further discussion of the modeling methods and residts, and the results of a

sensitivity analysis performed on the input parameters used in the model, is presented in

Attachment Ki

Sampling for the proposed operational monitoring period will be performed on a quarterly, semi-

annual, or annual basis based on a review of the background monitoring period groundwater data

and subject to CDPHE approval. The proposed operational sample analyte list win include a subset

of the analytes identified in the target analyte list presented in Table K3 and will be based on the

remedial waste types placed in the cells within the landfill as discussed in Section 10 of this CDD

2.3 Closure and Post-Olosure Monitoring of the LandIfill Area

After the landfill is constructed and groundwater monitoring data are available from the operational

monitoring penod, the Closure and Post-Closure Groundwater Monitoring Plan for the landfill area

will be written and submitted by the Army to CDPHE for approval

21907 7050111 Harding Lmvson Associates K-I I
02200313961WG



Appendix K

K-12 Harding Lawson Associates 21907 7050111
0220031396 IWG



3.0 FIELD ACTIVMES

The field activities to be conducted during the CAMU Groundwater Monitoring Program will be

performed in accordance with Program Manager for Rocky Mountain Arsenal (PMRMA.) standard

groundwater monitoring methods described in detail in previous documents (HLA, 1993a, 1993b, and

1995c) or consistent with procedures used in the current RMA GMP The groundwater moiutormg

field activities will include the following

a Drilling

0 Lithologic logging

0 Monitoring well installation

0 Monitoring well development

0 Monitoring well identification and surveying

0 Water-level measurement

0 Groundwater sampling

General guidelines for the field procedures are presented in this section

3.1 Monitoring Well Installation

The following sections describe the equipment and procedures to be used during monitoring well

installation for the CAMTJ Groundwater Monitoring Program The field activities include drilling,

lithologic logging, monitoring well installation, well development, we a identification, and surveying

Initially, a minimum of four additional alluvial or unconfined Denvei Fm wells will be installed to

initiate the pre-operatonal period groundwater monitoring well network. The proposed momtor3ng

well locations for the four proposed additional wells are illustrated in Figure K3

3.1.1 Drilling Procedures;

This section discusses drilling procedures for installing alluvial and weathered Denver Fm, monitor-

ing wells Drilling methods that may be used during well installation activities include hollow-stem

auger, and/or rotary-wash drilling methods
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Techniques and procedures associated with the drilling program will be consistent with PNffZMA

geoteclimcalrequirements; Drilling equipment, including drilling rods, augers, samplers, tools, and

water tanks, will be steam cleaned before arrival at RMA and washed with PMIUA-approved water

before amval at each boring or well site Well materials (casing, end plugs, and protector casing)

will also be steam cleaned before installation Materials will be wrapped m plastic if they need to be

stored before use at the well site Water used in. drilling, grouting, or decontammationwill be

obtained from a PMIUVIA-approved source

Decontamination procedures are detailed m. Section 4 0 Only PhfiUvIA-approvedlubricants, such as

vegetable shortening, will be used on the threads of dovvmhole drilling equipment Air usage, if any,

will be fully documented with equipment descriptions and oil filter specifications Only PMRMA-

approved air systems will be used

Hollow-stem Auger Drilling Procedures

Alluvial and weathered Denver Fin monitoring wells will be drilled using hollow-stem auger drilling

methods During drilling, boreholes will be logged with a continuous coring device or spht-spoon

samplers at 4- to 5-foot intervals and at major changes in. lithology

Specific drilling and sampling procedures for hollow-stem auger continuous sampling follow

I Set up ng at staked and cleared borehole location

2 Record location, date, time, and other pertment. information on boring log form

3 Commence drilling and sampling

4 After each coring rum, remove the core barrel or spht-spoon sampler from the borehole and
open the barrel

5 Measure each sample with an engineer's tape and lithologically log the sample as described
in Section 3 12

6 The boring is considered complete when lithology indicates that the desired completion
interval has been reached

K-14 Harding Lawson Associates 21907 7050111
0220OD31396 RAG



Appendix K

7 The borehole will be reamedwith 8-1/4-inch-inner diameter (ID) augers and installation
inside the hollow-stem augers will be conducted as detailed in Section 3 14

8 Grout any boreholes that are not completed as wells with a cement-bentomte grout within
24 hours after drilling has been completed

9 Cuttings will be managed based on appropriate waste determination procedures established
in the final groundwater monitoring plan

10 After completing each boring or well, decontaminate augers and other downhole equipment
This decontamination will be accomplished after transporting the downhole equipment to the
designated temporary mobile decontamination pad or at the drilling site using portable
decontamination equipment

11 Have sufficient augers and core barrels available so that one set may be in use while a second
set is being decontaminated

12 At the end of the each day, personnel and all equipment that are to leave the site will
proceed to the temporary mobile decontamination pad where decontamination procedures
will be initiated Drilling ngs will remain at the drilling location until all work has been
completed Upon completion of activities at each location, the drilling rig and all associated
equipment will be transported to an appropriate decontamin ation facility for thorough
decontamination. Decontamination water and PPE will be managed appropriately either
onsite or offs1te in accordance with applicable regulatory requirements at the time of
generation

3.1.2 Lftologic Logging

Boring hthology will be logged by a rig geologist Data will be recorded on boring log forms and will

include the boring number, location, date, drilling equipment, driller's name, method of sampling,

sample depth, and lithologic descriptions Photocopies of boring logs will be submitted to PNMMA

upon completion of the boring Soil and bedrock logging procedures are explained in detail in the

following sections

SoU Logging

Soil logging will be performed on the basis of cuttmgs or spht-spoon samples, depending on the

drillingmethod This section describes the procedures that will be used to identify and describe soil

samples that are collected, regardless of the method of collection.

The Unified Soil Classification System (USCS) is the standard that -Arffi be used to classify soil by

visual and manual examination Soil will be described using standard terminology and nomenclature
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associated with this system Each soil stratum will be identified by the following classifications in

the following order (1) classification symbol, (2) classification name and content percentages,

(3) Munsell color code, (4) color name, (5) consistency or relative density, (6) moisture, (7) structure

(if any), and (8) modifying information, such as gram size, particle shape, cementation, plasticity, and

stratification

The standard soil classification chart to be used to classify soil type is presented in. Figure K5

Symbols will be sketched on the graphic portion of the boring log to assess stratigraphic relation-

ships Color will be correctly describedby comparing the soil sample with a Munsefl color chart and

applying appropriate designations and descriptions

An estimate of soil consistency, using standard penetration resistance as a guide, will accompany

descriptions of all fine-grained soil (silts and clays) The followingterminologywillbe used as a

guide

Blows/foof ConsiLstency Idenhfication. Procedure

0 to 2 Very soft Easily penetrated several inches by fist
2 to 4 Soft Easily penetrated several inches by thumb
5 to 8 Medium stiff Penetrated several inches by thumb with moderate effort
9 to 15 Stiff Readily indented by thumb but penetrated only with great effort
16 to 30 Very stiff Readily indented by thumbnail
> 30 Hard Indented with difficulty by thumbnail

I Blows/foot is defined as the total number of blows required to drive the second and third
6 inches of penetration (for the first 6 inches, blow count is also recorded) while driving an
18-inch sampler with a 140-pound hammer falhiag a free height of 30 inches

It is anticipated that samples will be collected using wire line sampling equipment rather than drive

sampling equipment Therefore, estimates of soil consistency will be made on the basis of the

"Identification Procedure" described above rather than on the basis of blows per foot
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Descriptions of all coarse-gramed soil (sand and gravel) will be accompanied by an estimate of the

relativedensity The followingterminologywillbe used as a guide

Blows per foot Relahve Donsity

less than 4 Very loose
4 to 10 Loose
10 to 30 Medium dense
30 to 50 Dense
over 50 Very dense

Evaluation of relative density in the field is assessed qualitatively

Moisture content will be estimated and described using the following terms dry, moist, wet, and

saturated (below the water table) Other descriptors to be included on boring logs, if applicable, are

approximate percentages of clay, silt, sand, and gravel, average grain size and maximum size of

particles, shape/angularity of coarse grams, general composition or mineralogic description of grains

(e g , granitic, micaceous), coatings on coarse grams, plasticity, organic content, cementation, and

local or geologic name

Bedrock Logging

Bedrock logging will be performed on bedrock samples collected by split-barrel sampling or coring

Tlus section describes the procedures to be used to identify arid describe bedrock samples that are

collected

Written descriptions for bedrock samples will include the following information

0 Lithology

0 Color

0 Texture, including grain size, roundness, and sorting

0 Cementation and/or matrix materials

0 Accessory minerals
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a Hardness

0 Strength

0 Weathering

0 Sedimentary/structural features

3.1.3 Monitoring Well Installation

Tlus section describes well installation procedures for installing monitoring wells in the alluvium

and the weathered Denver Fm Alluvial monitoring wells will be drilled by first completing a

sampled borehole using the hollow-stem auger drilling procedures described in Section 3 1 1 The

following procedures are for well installation

1 Each boring will then be reamed with an 8-1/4-inch-ID hollow-stem auger a using center bit

2 The 8-1/4-mch auger will be advanced 1 to 2 feet into competent bedrock and left in place
until well installation begins

3 Well completion, wluch consists of placing the 4-inch Schedule 40 polyvinyl chloride (PVC)
slotted screen (0 010 or 0 020-inch slot size depending on site conditions according to
ASTM D 5092) and 4-inch Schedule 40 PVC well casing, adding the sandpack material, and
placing the bentomte seal, shall be conducted inside the 8-1/4-inch-ID hollow-stem auger as
the auger is progressively removed from the borehole as the installation process continues

4 The sand pack will be installed through a tremle pipe and its depth measured using a
weighted tape or by measuring the length of tremle pipe A bentonite pellet seal will be
slowly poured in the well and its depth measured using a weighted tape or by measuring the
length of tremie pipe The dry bentonite pellets shall be hydrated with adequate time
allowed for hydration The water used for hydration shall not contain constituents that could
compromise the integrity of the well I

5 Cement-bentonite grout will be emplaced using a side-discharge tremie pipe initial positioned
approximately 3 to 5 feet above the bentorate seal and raised as grout is added to the
borehole

6 A steel protector housing will then be centered over the well, and the grout will be allowed
to cure for 24 hours After the grout has cured, a concrete well pad and a drainage port will
be added and well development (Section 3 1 4) can begin

A proposed general construction diagram for an alluvial monitoring well is presented in Figure K6
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3.1.4 Well Development

All monitoring wells will be developed after at least a 48-hour curing time has elapsed since installa-

ton The water generated during development will be managed appiopriately either onsite or offsite

in accordance with applicable regulatory requirements at the time of generation

Monitoring wells will be developed at least two weeks before sampling Wen development win be

conducted by either a submersible pump or a bottom discharge bailei, with or without a surge block.

At least five times the volume of standmg water in the well, sandpack, and annulus will be removed

If any water is lost during drilling or completing the well, five tunes the volume of the lost water Win

be removed in addition to the previous requirement

Measurements obtained and recorded in the field will include static water levels before and after

development. The pH, temperature, and conductivity of the water Wdl also be measured before,

during, and after development The pH will be considered stabilized when three of the last five

readings are within 0 1 pH units The temperature and conductivity measurements Will be allowed

to stabilize to within 10 percent of previous readings before the well is considered developed

3.1.5 Well Identification and Surveying

After well installation is complete, the well location, elevation of ground surface, and top of the well

casing will be surveyed Well locations will be accurate to within 0 1 feet using State Planar

coordinates Elevations will be surveyed to within 0 01 foot using the National Geodetic Vertical

Datum of 1929

Well identification numbers, map coordinates, and elevations will be recorded in a field logbook and

will be submitted to PMRMA and entered into the RMA environmental database A metal tag

stamped with these data will be permanently attached to each protective casing
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Monitoring well installation, groundwater sampling, and water-level measurement procedures

described in this section are consistent with those developed for and used during previous

mvestgatons(HIA, 1993a and 1995b) Field personnel performing groundwater monitoring

activities, depending on the level of activity required, may include a field supervisor, a safety officer,

and one or more two-person field teams Equipment to be used and procedures to be followed

during the sampling events are presented below

3.2 Groundwater Sampling and Water-level Measurement Procedures

The procedures for groundwater sampling and water-level measurement are described below The

procedures are consistent with EPA guidance for these activities

3.2.1 Field Equipment

At the beginning of each monitoring event, the field team will be issued field sampling kits contain-

ing field instruments (with operators' manuals), sampling equipment, and laboratory certified

calibration standards Copies of the Health and Safety Program will be maintained in the field

trailer Depending on the well to be sampled, the sampling equipment may include an electric

submersible pump, an air-driven piston pump, a stamless-steel bailer system, an air compressor,

and/or compressed air bottles

The components of each field kit will be contained within an all-weather storage locker Typical

equipment that may be included in each locker is presented below

1 pH, conductivity, and dissolved oxygen meters, a complete set of spare probes, cables, and
batteries for each instrument, and a flow-through cell in which to monitor groundwater
parameters

2 Digital alkalinity titration kits

3 Calibration-standard solutions and detailed calibration procedure instructions for field
instruments

4 Two I-liter wash bottles and a set of two 500-milliliter (ml), two 250-ml, and two 100-ml
beakers

5 A water-level measuring device
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6 A 10-foot steel engineers tape

7 A roll of plastic sheeting

8 Gloves (nitrile and surgical)

9 Plastic bags

10 1/4-inch or appropriate sized nylon rope

11 A metals filtration kit (penstaltic pump, filter holder, -replacement hoses, filters, 50 MI. of
dilute iutnc acid [HNO,] for metals preservation, and pH indicator paper)

12 A complete set of spare sample fraction containers including a set of 40-ml vials that have
not been pre-preserved with hydrochloric acid (HCI)

13 A well casing volume calculation chart for 1-mch to 8-mch wells

14 Various equipment, such as marking pens, duct tape, clear tape, and tools for troubleshooting
equipment

15 A 1 1 solution of sulfuric acid (H,,SO,) for nitrate sample preservation

16 A I I solution of sodium hydro)ade (NaOM for ad)ustng to pH greater than (>) 12 for
cyanide sample preservation

17 A 1 1 solution of HCI for adjustng to pH less than (<) 2 for volatile fraction preservation

18 A detailed sampling proceduxe plan

Each field kit will be restocked as necessary Additional field equipment (e g , distilled water and

decontamination wash basins) will be stocked as necessary by each field team Itisrecomme-nded

that a complete set of spare field instruments will be maintained at the onsite support facility

Data from samples collected in the field will be recorded on preprinted field data sheets and in

bound field logbooks When not in use, field logbooks will be maintained in a secured area at the

site support facility Logbooks will be checked in and out on a daily basis

3.2.2 Water-level Measuivrnent Procedures

A water-level measurement program will be conducted before the initiation of each water sampling

event A sufficient number of field personnel will be mobilized to ensure that water-level data are

collected in a timely manner (i e , within three days) Water-level measurements and associated data
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are recorded on the water-level measurement form shown in Figure K7 The general procedure for

obtaining water-level measurements is summarized as follows

1 Record in a bound field book the manufacturer and model of the water-level indicator used

2 Record on the water-level measurement form the well number, date, time, and initials of field
personnel obtaining measurements

3 Before uncapping the well, measure and record on the water-level measurement form the
photoionization detector (PED) reading in the ambient air near the well (background) Uncap
the well and record on the water-level measurement form the PED reading of the headspace at
the top of -casing (TOC) Measure the PID reading in the breathing zone near the well
Record and label the breathing zone reading in the "Comm ent" section of the water-level
measurement form and upgrade personal protective equipment (PPE) as appropriate before
obtaining further well measurements

4 Measure the length of the riser stickup from ground surface to the measuring point marked at
the TOC, and record the length of the riser stickup, to the nearest 0 01 foot If no mark is
present, all measurements will be performed on the north side of the stickup, and a
measuring point will be marked on the stickup using a permanent marker

5 Insert the water-level indicator probe until it reaches water Measure depth to water from the
same measuring point marked at the TOC and record the value to the nearest 0.01 foot

6 If there is a discrepancy between the previously accepted stickup measurement and the
current stickup measurement, measure and record the total depth of the well for confirmation
that measurements are being performed on the correct well Total depth of each well shall be
measured yearly to verify well condition.

7 Retrieve the water-level indicator probe and thoroughly rinse the cable and probe with
distilled water as they are withdrawn from the well Avoid allowing rinsewater to flow into
the well

8 Compare total depth, water level, and stickup measurements to previous measurements If
discrepancies are observed, a second measurement will be performed and documented as
such

9 Record well conditions (e g , cracked casing, missing cap, prairie dog burrows) and any other
pertinent observations

10 Ensure that labels and flagging clearly indicate well location and well number

11 Police the area to ensure that equipment and materials have been retrieved, litter has been
collected, and the well cap is secure

3.2.3 Groundwater Sampling Procedures

A daily schedule of field activities and prepared sample cooler will be provided to each field team

Each cooler will contain sample containers, packing material, labels, chain-of-custody (COC) records,
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and ice Each field team will also be provided with a well information file, which will include

previous water-level data, expected casing volume, and any comments generated during previous

sampling events The field team will be responsible for ensuring that sample and field sampling kits

are complete and that instruments and sampling equipment are clean and ftilly operational

Groundwater monitoring wells, in general, vrM be sampled in order fiom. low to high contaminant

ranking to avoid possible cross contamination of groundwater samples or wells The sampling order

will be decided on the basis of historical groundwater quality data

Water sampling data are recorded for each well on the groundwater sampling form shown in

Figure K8 Upon arrival at the well site, the following procedures are typically implemented

I Uncap the well and record background, breathing zone, and casing headspace readings from
the PIID, as described previously for water-level measurements

2 Record well number, date, pertinent observations (e g , weather, well condition), casing
diameter, screened interval, and field instrument identification numbers

3 Place a sheet of plastic on the ground surface around the well stickup for wells that will be
bailed

4 Measure and record well stick-up, depth to water, and total well depth to the nearest
0 0 1 foot Measure from the measuring point marked at the 'I OC and compare measured
values with previous measurements, investigate and document any discrepancies Equipment
used d ownbole to obtain water-level and total depth measurements will be decontaminated
with distilled %ater

5 Calculate and record casing volume, compare with previously recorded casing volumes to
ensure relatv. e comparability A sheet hsting casing volumes on the basis of height of the
.%ater column and well diameter will be provided to field personnel Thecasinsvolumecan.
also be calculated using the formula V=(O 0408)(D')h, where D is the diameter of the well in
inches and h is the height of the water column in feet

6 Calibrate field instruments for monitoring pH, temperature, conductivity, alkalinity, and
dissolved oxygen (for pumped wells only) against known standards Record instrument
calibration responses, times, and calibration standards used

7 Whether to pump or bail a well will be decided on the basis of the welrs hydraulic
characteristics In general, wells containing less than 4 gallons per casing volume will be
purged and sampled by bailing and other wells will be pumped Wells that dewater when
monitoring the unconfined or confined flow system and have to be resampled will be bailed
for sample collection.
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8 Two methods are used for purging and sampling wells, depending on whether the well is to
be pumped or bailed In both cases (bailing or pumping), it is preferred that a Tornimum. of
three casing volumes be purged from the well to allow water that may have been standing in
the well casing and filter pack to be removed, allowing the sample to be representative of
aquifer couditions The minimum requirements are to obtain three or more consecutive
stabilized parameter measurements (and no less than three casing volumes) in which each
parameter measurement (pH, electrical conductivity, temperature, and dissolved oxygen)
differs by no more than 10 percent from the previous parameter measurement and turbidity is
less than 5 NTU

If a well is to be bailed, purge the water column from the top of the column Lower the
ba-iler into the water slowly to Tninim, eagitation. Monitor well parameters carefully to
ensure that water standing in the well casing and filter pack is removed from the well before
sampling Some wells will dewater, other wells may appear to dewater if bailed too quickly
It may, therefore, be necessary to carefully momtor the well's response when bailing low-
production wells to ascertain how many casing volumes can be effectively purged before
sampling

If a well is to be pumped, purge the standing water column in the well from the top to the
bottom of the screened interval In many cases, the pump has a higher flow capacity than
the well, and the well will appear to dewater Exercise care to reduce the pump flow rate so
that it equals the well's recharge potential On occasion, it may be necessary to reposition
the pump to progressively deeper locations in the well After purging three casing volumes
from the well and after parameter measurements have stabilized, the optimal sampling depth
should be at the middle of the welrs screened interval Purge water from all pumped wells
will pass through an in-line flow cell fitted with the required instrument probes The flow
cell allows for real-time monitoring of sample parameters (pH, electrical conductivity,
temperature, and dissolved oxygen) as well as the visual characteristics of the water passing
through the cell

9 Collect a portion of the initial water purged from the well and record the follow-Lug informa-
tion sample parameter values (pH, temperature, electrical conductivity, dissolved oxygen,
and turbidity), time, air monitoring instrument readings, pumping rate, and purged volume
removed Similarly, document this information as each casing volume is removed Purge
water will be appropriately managed onsite or offs1te in accordance with applicable
regulatory requirements at the time of generation.

a Following the manufacturer's instructions, calibrate the turbidimeter using the
supplied standards and record the readings in the logbook. The ambient air
temperature should be between 10 * C and 40 0 C for calibration and measurement

b Using a clean 500-milhhter (ml) beaker, obtain a sample (50 to 250 ml) of
groundwater from the discharge hose of the development/purge pump after each 34
bore volume has been removed

c Set the sample aside for a few minutes to allow any rapidly setthng coarse
particulates to settle and to allow any entrained gases to escape However, the
sample must not be set aside so long as to let any fines in the water settle out

d Decant some of the sample from the 500-ml beaker into a clean, scratch-free sample
auvette, and then pour the sample out to waste This is a rinse step before the actual
measurement is made
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e Refill the sample cuvette with groundwater from the beaker, being careful to pour the
sample clown the side to avoid creating bubbles

f Cap the cuvette and wipe off the sides with a clean, lint-free cloth until the auvette is
dry and smudge-free Handle the auvette only by the cap, being careful not to touch
the sides

9 Insert the sample auvette into the tuxbiduneter and select a standard with a value that
is close to what you suspect the sample value to be

h. Be sure the sample and standard chamber lids are hilly closed and the cuvettes are
seated at the bottom of the chamber

1 Adjust the standardization dial to the setting that is equal to the value of the
standard

3 Read the value of turbidity for the groundwater sample and record it in the field
logbook.

k. Restandardize the turindiineter before another sample is measured or between
duplicate measurements Repeat steps I through 11 for each sample

10 Remove a Tni-niTairm of three casing volumes from each well before sampling However, do
not collect samples until sample parameters from three consecutive casing volumes have
stabilized Wells that dewater before the removal of three casing volumes or stabilization are
exempt from these requirements If the well dewaters, collect samples based on their
previously determined priority (see item 14), within 24 hours following well dewatering

11 Perform an alkalinity titration on a portion of the well water collected after the fifth or final
casing volume has been removed Record titration values required to reach colo=etnc end
points along with associated pH values (measured simultaneously), in accordance with the
Quality Assurance Management Plan (QAIvIP)

12 Measure and record sample parameters immediately before sample collection Complete
sample labels to include the following information well number, time, date, and sampler's
signature

13 If the well is pumped, collect samples directly from a sampling spigot on the pump discharge
line at low flow rates to avoid agitating samples and possibly degassing volatiles Obtain
these samples from the spigot that is plumbed into the discharge line upstream from the in-
line flow cell If the well is bailed, collect samples from bottom-decanting bailers

14 Use sample bottles supplied certified clean by the vendor and do not rinse them with well
water before filling Ia general, add preservatives to. the appropriate sample bottles before
sampling Additional preservatives may be added after sample bottles are filled as described
in item 15 The sample bottles listed in parenthesis may change depending on specific
lahoratory requirements Samples fractions will normally be filled iia the following order
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a Analyses not retained on the prior sampling round

b Volatile organic aromatics (VOAs) (two 40-ml amber glass bottles)
Volatile organohalogens (VOHs) (two 40-ml amber glass bottles)
Volatile hydrocarbons (VHCs) (two 40-ml amber glass bottles)
Note fill bottles completelyto ensure that there are no air bubbles

c Dibromochloropropane (DBCP) (three 40-ml amber glass bottles)
Note fill bottles completely to ensure that there are no air bubbles

d Organochlorme pesticides (OCPs) (one 1-liter amber glass bottle)

e Organophosphorus pesticides (OPPs) (one 1-hter amber glass bottle)

f Organophosphorus compounds (OPCs) (one 1-hter amber glass bottle)

9 Organosulfur compounds (OSCs) (one I-hter amber glass bottle)

h Agent degradation products (isopropylmethyl phosphonic acid [RYTA] and
thiodyglycol) (four 1-hter amber glass bottles)
Note for wells that dewater or have a low production capacity, collect one 1-hter
bottle for each compound (RvTA and thiodyglycol) Fill the remaining two bottles
after all other sample fractions have been collected

1 Inductvely coupled argon plasma (ICP) metals and cations (one 500-ml plastic
container)
Arsenic (one 500-ml plastic container)
Mercury (one 500-ml. plastic container)

3 Cyanide (one 1-hter plastic container)
Anions (one 4-ounce plastic container)
Nitrate/mtnte (one 4-ounce plastic container)

k- Volatiles by gas chromatography gas/mass spectrometry (GC/MS) (two 40-ml amber
gl&ss bottles)
Note fill bottles completely to ensure that there are no air bubbles

I Semi% olatiles by GC/MS (one 1-hter amber glass bottle)
Note U bottle completelyto ensure that there are no air bubbles

m N-rutrosodimethylgrnine (NDMA) by gas chromatography/chemiliiTninescence
detection (GCCD) (one 1-hter amber glass bottle)

Fill the VOA, VOH, VHC, DBCP, and GC/MS sample fractions completely ensuring that there
are no air bubbles Fill the remaining sample fractions to a Tninimum of 90 percent capacity

15 Before sample containers are filled, add preservatives to the following sample fraction bottles
as required by the laboratory

VOA, VOH, VHC, and GC/MS volatile fractions Analyses for the volatile fractions
will require seven (or nine if GC/MS analyses are being performed) 40-ml bottles
prepreserved with 250 to 500 microliters (#I) of concentrated HCI One of the 40-ml
bottles will be used by the field team to check for effervescence and for proper
preservation of pH < 2 If effervescence is readily apparent as the first pre-preserved

K-26 Harding Lawson Associates 21907 7050111
02200031396 KMG



Appendix K

40-ml sample bottle is being filled, then HCI will not be used as a preservative The
laboratory will be informed that the volatile fractions were not preserved, and
seven-day turn-around-time will be required for analyses If effervescence is not
apparent, but the pH of the sacrificial sample is greater than 2, the field team will
add 100 yll of HCI to the sacrificial sample bottle and recheck for a pH of <2 The
process will be repeated until a pH of <2 has been achieved The same number of
drops of HCI will be added to each of the six or eight remaining 40-ml sample bottles
before they are filled

Nitrate/nitnte fraction Analyses for the nitrate/nitiate fraction wili require one
4-ounce plastic bottle pre-preserved with 0 5 ml of 11 H,,SO,, Field samplers will
pour a small amount of the groundwater sample onto pH paper to check for a pH of
<2 If needed, 200 #1 of H2SO, will be added to the nitrate sample bottle The pH
Will be checked again bV the same procedure until a pH of <2 is measured

Cyanide fraction Analyses for the cyanide fractions will require one 1-hter amber
glass bottle prepreserved with 4-ml of 11 NaOH The cyanide fraction will be
checked by the field team to ensure that the sample has been preserved to a pH > 12
If the pH needs to be adjusted, the field team will add 200 #1 of 1 1 NaOH The pH
will be checked again and the procedure will be repeated if necessary until a pH of
>12 is achieved

ICP metals and cations, arsenic, and mercury fractions Analyses for the dissolved
metals fractions will require three 500-ml plastic bottles preserved with 2 ml
11HNO, If the samples are collected by pumping, the pump will be stopped and a
0 45-iracron nitrocellulose or cellulose acetate in-line filter will be attached to the
discharge line The pump will be restarted and the first 50 to 100 ml of filtrate will
be discarded to minimi e possible contamination Samples of the filtered water will
then be collected in designated containers prepreserved with HNO, to a pH of < 2 If
the samples are obtained by the bailing technique, field filtration equipment will be
available The filtering device will contain a filter support of plastic or Teflon* with
a disposable ungridded 0 45-micron nitrocellulose or cellulose acetate filter The
unfiltered groundwater will be poured from the bailer into a dean container for ease
of use The unfiltered water will be pumped from the clean container through the
filtering device To mimmize possible contamination, the first 50 to 100 ml of filtrate
will be discarded Samples of the filtered water will then be collected in designated
containers prepreserved with HNO, to a pH of < 2 The pH of the samples will be
checked by pouring a small amount of the sample onto the pH indicator paper If the
pH needs to be adjusted, the field team will add 200 yl of 11 HNO, The pH will be
checked again and the procedure will be repeated until a pH of <2 is achieved

16 Seal sample fractions inside plastc bags and place in the cooler under ice immediately upon
filling Record sampling technique, sample depth, and fractions collected on field data
sheets, COC records, and the sample tag

17 The field team will sign and date field data sheets after ensuring that they have been
completed and that the information has also been recorded in the field logbook. The field
team will complete the COC record when relinquishing custody of the samples

18 Thoroughly decontaminate sampling eqtupment at the well site or at a decontamination pad
immediately after sampling Bailers and sample filtration equipmentwill be cleaned in a
solution of PMRMA-approved water or tap water and detergent (Liquinoxý or eqinvalent) and
triple rmsed with distilled water
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To decontaminate pumps used at wells identified as requirmg low-level decontamination,
clean the inside of the pump by running a volume of distilled water equal to three times the
volume of the pump and hoses through the line Clean the outside of the pump and hose by
triple rinsmg with distlied water as the pump and hose are withdrawn from the well

After sampling wells identified as requiring high-level decontamination, decontaminate the
outside of the sample pumps by scrubbing with a solution of PhIRMA-approved water or tap
water and detergent (Liqmnok* or equivalent), steam cleaning using PNEMA-approved water
or tap water, and triple rinsing using distilled water To decontaminate the interior surface of
tubing and pumps, run a solution of PNMAA-approved water or tap water and detergent
(laquinox* or equivalent) through the pump This will be followed by running a volume of
distiEed water equal to six times the volume of the pump and tubing through the line

Wrap and store decontaminated equipment in clean plastic sheeting Decontamination water
will be managed either onsite or offsite in accordance with applicable regulatory
requirements at the time of generation.

19 The final activity at the well vrffl be to remove all sampling equipment and debris from the
area

In addition to these procedures, the following guidelines win be used to mitigate problems that could

adversely affect sample integrity

I Avoid agitation of VOC samples collected from either pumps or bailers that WIU reduce air
stripping of volatiles and allow for the collection of more representative samples

2 Sampling equipment, including pumps, hoses, bailers, and rope, should contact only the well
or a clean plastic surface Equipment should never contact the ground or any other surface
that has the potential to transmit conterninant This equipment should always be encased or
wrapped in clean plastic during transport

3 Change gloves frequently when handling downhole instruments Always change gloves after
working with compressors or other equipment before sampling New gloves will be worn at
the start of well purging and changed immediately before sample collection

4 When working with downhole equipment (e g,bailers, pumps) either decontaminate tools
after use or decontam inate the equipment before re-enteriag the well

5 Avoid splashing waste or dirt on plastic sheeting If the sheeting becomes dirty, replace with
clean plastic sheeting and dispose of the dirty sheeting in the proper manner

6 Vent gasoline engines downwind at least 30 feet from the well Gasoline tanks should never
be filled in the field Keep all sampling equipment away from areas where gasoline spills or
leaks may occur

7 Replace all dropped bottles, hds, or septa with counterparts from the kit Avoid contact with
edges of lids or inside surfaces of sample bottles

8 Ensure that septa and Teflon* cap liners are in good condition Check that septa axe oriented
with Teflon* side down When full, septa bottles should be transported upside down.
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9 Avoid sampling when precipitation or windblown dust may contaminate the sample

10 Do not dip pH indicator paper into acadified samples, check by pouring a small amount of
sample on the paper Volatile fractions will be checked for proper preservation by collecting
one additional sacrificial sample

11 To avoid unnecessary agitation of the water column, lower bailers slowly into the well A
knot tied in the baihng rope apprommately 2 feet above the static water level Will serve as a
marker below which the bailer will be lowered very slowly

12 Ensure that a stainless-steel protector is emplaced over the well head, on 2-inch-chameter
wells, before bailing This protector will prevent the bailing rope from cutting into the top
edge of the PVC casing

13 When using a disposable 0 45-micron filter, discard the entire assembly after filtering,
disposable filters are not reused Also, discard the silicon rubber tubing used to connect the
filter capsule to the spigot

14 Fill sample bottles from a pump discharge line located upstream of the flow cell

15 When abrupt increases are observed in dissolved oxygen readings, a bailer will be used in
place of the pump to sample the well When pumps malfunction, they may aerate samples
and should be repaired immediately

16 Check documentation to ensure that corrections are properly lecorded Also, check that all
signatures and dates on forms are present and correct

17 In the field, field team members will check forms to ensure that they are legible and correct

21907 7050111 Harding Lawson Associates K-29
0220031396 KMG



Aýppendix K

K-30 Harding Lawson Associates 21907 7050111
02200031396 ICMG



4.0 QUALITY CONTROL SAMPLES

hivestigative samples will be collected as detailed in Section 3 0 to provide data relevant to the

ob)ectives of this task Concurrent witI. investigative sample collection, QC samples will be collected

to evaluate the accuracy, precision, completeness, reproducibility, and representativeness of all data

and observations relevant to field activities QQ sample collection procedures are discussed below

and detailed in the QANT (HLA, 1993b) QC samples to be collected during field activities will

include duplicate samples, rinse blanks, trip blanks, and field blanks QQ samples will be collected

according to procedures used for previous RMA programs, as described below

4.1 Duplicate Samples

Duplicate samples are groundwater samples collected in the identical Fashion as the investigative

sample Duplicate samples will be analyzed for the same analytical parameters as the related

investigative samples To maximize the representativeness of duplicates, duplicates will be collected

in parallel with the investigative samples For example, volatiles for the investigative and duplicate

samples will be collected first as split samples, followed by those for the senuvolatiles, and so forth

Standard PNfRMA Class 1-certfied methods use a duplicate high spike in standard water to monitor

method performance Native matrix spikes and matrix spike duplicates will be used if standard

method protocols require modification to meet program data quality ob)ectives (DQ0s) Duplicate

samples will generally be collected in an amount equal to 10 percent of the investigative samples

4.2 Rinse Blanks

Rinse blanks are samples obtained by running distilled water through nondedicated or nondisposal

sample collection equipment after decontamination and collecting it in the appropriate sample

containers for analysis Rinse blanks will be analyzed for the same analytical parameters as the

related investigative samples. The rinse blank will be obtained by running distilled water through

sample collection equipment Wer or pump) after decontamination and placing the sample in the

appropriate container Rinse blanks will be handled, transported, and analyzed in the same manner

as investigative samples collected that day At a Tomirnum, one nnse blank willbe collected at the
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beginning and the end of each sampling round for each pump used in sampling Generally, rinse

blanks will be collected in an amount equal to 5 percent of the investigative samples If dedicated or

disposal equipment is used for groundwater sampling, no rinse blanks will be required

Samples of the distilled water used for collection of the rinse blanks will also be collected This

represents the same distilled water used for decontamination. These samples will be handled and

analyzed similarly to rinse blanks Sample fractions will be filled in the field office Generally,

distilled water blanks will be collected in an amount equal to 10 percent of the number of nnse

blanks

4.3 Trip Blanks

Trip blanks are prepared by the laboratory before the sampling event by collecting analyte-free water

in the actual sample bottles Trip blanks are kept with the investigative samples throughout the

sampling event, then packaged for shipment to the laboratory for analysis with the investigative

samples Trip blanks will be prepared by the laboratory to be analyzed for volatile organic aromatic

compounds and volaWe organic halogenated compounds At no time after its preparation win a trip

blank container be opened before it is returned to the laboratory Generally, trip blanks will be

prepared in an amount equal to 5 percent of the investigative samples

4.4 Field Blanks

Field blanks are samples prepared by collecting distilled water into the appropriate sample containers

at the location where the investigative sample is being collected Field blanks will. be prepared to be

analyzed for the same analytical parameters as the related investigative samples

When filled, the field blank sample will remain uncapped during collection of the investigative

sample Generally, field blanks will be prepared in an amount equal to 2 5 percent of the investiga-

tive samples
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5.0 DECONTAMINATION PROCEDURES

Equipment that comes in contact with potentially contaminated groundwater, including equipment

used for well instaliation, soil sampling, water sampling, measuring water levels, and sample prepara-

tion, will be decontami ated before and after each use Decontamination water used will generally

be PhOMA-approvedor chstilled water Tap water maybe used instead of PhfiWA-approved water

for use in steam cleaning and detergent solutions provided that deionized or distilled water is used

afterward to rinse equipment PNflZMA-approved water consists of the potable water supplied to

RMA that is treated with an activated carbon treatment unit. Decontamination will consist of

combinations of steam cleaning and/or detergent solution (laqumox* or equivalent) wash, water

rinse, and distilled water rinse Detergent solution is prepared by mL<mg approximately 1 teaspoon

of detergent (Laquinox' or equivalent) per 5 gallons of PNflZMA-approved water or tap water This

section details decontami nation procedures as well as types of equipment to be decontaminated

5.1 Drilling Equipment, Sampling Equipment, ancl Well Completion
Materials

Equipment used for drilling, soil sampling, and well installation will 139 decontaminated before

initiating drilling operations This initial decontam i nati on win consist of steam cleaning with

PhflUvIA-approved water In addition, well installation materials, including surface casings, well

casings and screens, protector casings, and fittings, will also be decontaminated before use These

materials will. be steam cleaned, allowed to air dry, wrapped in clean polyethylene sheeting, and

stored in a designated onpost. area until they are needed If necessary, clean polybutyrate tubes for

soil sampling will be provided by the manufacturer and will not require finther decontamination

before use

During drilling operations, downhole equipment will be thoroughly decontaminated after completing

eachboringorwell Field decont-amiratonwill be accomphshedusuag a trailer-mounted portable

steam cleaner and a clean water tank filled with PNUUvIA-approved water Field decontamination

will be performed in such a manner that all rinsewateris containerized Rinsewaterwillbe pumped
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into tnick-mounted storage tanks and managed appropriately either onsite or offsite in accordance

with applicable regulatory requirements at the time of generation.

Well installation materials will remain wrapped in clean polyethylene sheeting until immediately

before use Care will be taken to ensure that materials do not contact the ground surface or

potentially contaminated equipment Before placement, materials will be visually inspected for

indications of contamination and, if necessary, steam cleaned in the field using the field decontami-

nation procedures described above Clean gloves win be wom when handling unwrapped well

installation materials

Upon completion of the drilling program, equipment will be given a final decontamination rinse

before leaving RMA

5.2 Well Development Equipment

Equipment used for well development will be decontaminated before and after use at each well This

procedure will include decontamination of pumps, purging bailers, and downhole tubing

5.3 Water-level Measurement Equipment

The electrical (sounding) tape or steel tape used to measure water levels will be decontaminated to

avoid cross contamination between wells Decontaminationwill consist of rinsing the tape with

distilled water as it is being removed from the well

SA Groundwater Sampling Equipment

Either dedicated or nondedicated sampling equipment will be used for purging and sample collec-

tion If nondedicated groundwater sampling equipment is used, it Will be appropriately decontami-

nated after each well is sampled
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Probes on the pH, conductivity, and dissolved oxygen meters used to measure field parameters will

be cleaned by rinsing with distilled water After each round of sampling is completed, all non-

dedicated sampling equipment will undergo decontamination.
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6.0 SAMPLE DOCUMENTATION CUSTODY AND SHIPPING PROCEDURES

Sample and document custody procedures applicable to the CAMU Groundwater Monitoring Program

are summarized in the following subsections Samples collected during field activities win be

delivered on a daily basis to the PMR]qA Receiving Office, Building 618, for shipping by the Program

Manager Support Division (PMSD) to one or more laboratories contracted by the PNffUAA Laboratory

Support Division or carried to PNUMNs onsite laboratory for analyses of Dusopropylmethyl

phosphonate (DHvT) and NDMA

6.1 Field Documentation

Field logbooks; (bound field survey books) will be used to record data collection activities performed

onsite Field logbooks will be assigned to field personnel for each aciavity and will remain in the

custody of field personnel during sampling activities Each logbookwill be identified by a pro]ect-

specificnumber The cover of each logbookwill bear the following information

0 Name of person or organization to whom the book is assigned

0 Book number

a Pro)ect name

a Start date

0 End date

At the beginning of each day, the date, start time, weather conditions, field personnel present, level

of PPE being used, and name of the person making the entry will be i ecorded The names of visitors

and the purpose of their visit will also be recorded All information pertinent to a field survey and/or

sampling event will be recorded in the field logbook. If appropriate, entries in the logbook will

include the following information

Name and title of author, date and time of entry, and physical/enviroDmental conditions
during field activity

Location of sampling or field activity

21907 7050111 Harding Lawson Associates K-37
0220031396 KMG



AppendixK

Name(s) and ttle(s) of field crew

Name(s) and ttle(s) of site visitors

Type of media sampled or measured

Sample collect-ton or measurement method

Number and volume of samples(s) collected

Description of measurmg reference points

Date and time of sample collection

Sample identification numbers(s)

Sample preservative, if applicable

Sample distribution (e g , laboratory)

References for all maps and photographs of the sampling site(s)

Field observations and comments

Field measurements recorded (e g , pH, electrical conductivity [EC], PID)

Sample documentation, including dates and methods of sample shipment

Information included on field data sheets or COC records may not necessarily be repeated in the

logbook. By the end of each day, samples should be brought back to the sample handling trailer for

packaging The completed the COC records field logbooks and field data sheets win be reviewed for

errors and onussions and submitted to PNfRMA

6.2 Sample Classification, Handling, and Shipping

Sample classification is necessary to ensure the protection of personnel involved in the shipment of

samples and to maintain the integrityof the samples When sent by corarnoncarrier, the packaging,

labeling, and shipping of hazardous materials is regulated by the U S Department of Transportation

(DOT)

PMSD will be contacted no later than 9 00 am daily or as required for assignment of couner air bill

numbers Sample shipments to each laboratorywd]. receive a unique airbill. number
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Samples for volatile analyses will be collected and shipped with zero headspace Samples collected

for other analyses will be shipped with approximately 10 percent an space so that the container is

not full at 130 degrees Fahrenheit ("F) Glass containers used for aL[ types of analyses will be

wrapped in bubble wrap and placed -uaside a DOT-approved shipping container, such as a Coleman

Sample Manager*, and packed to prevent breakage Sample shipmeats will be preserved by placing

sealed plastic bags of wet ice and/or cooler packs around the sample containers Any remaining

space will be filled with bubble wrap or vermiculite Samples will be delivered to the PMIUvIA

Receiving Office, Building 618, until apprommately 6 00 p in for shipping to the contract

laboratory(les) for analysis

The COC record for each sample shipment will be enclosedin a sealed, waterproof envelope attached

to the inside of the cooler hd and delivered to the PMRMA Receiving Office The Quality Assurance

Coordinator (QAC) (or designated representative) will contact the PMRMA Receiving Office daily to

inform. them of the incoming samples, arrival time, and special handling or analytical procedures

required

Required sample containers, sample preservation methods, and maximum holding times for each

sample type are summarized in the QAMY (HLA, 1993b) Containers will be obtained from the

PMSD supply office, based on availability, and supplied to field personnel before sampling

6.3 Sample Identification and Labeling

Sample labels and COC records will be provided to sampling personnel by the QAC Labels will be

attached to each bottle in which a sample is collected If labels are lost, voided, or damaged, the

sample information will be noted in the appropriate field logbook.

Each sample will be identified by a separate sample label and associated tag number The informa-

tion generally recorded on the label may include, but not be limited to, the following information
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Label tag number

Site identification number

PMIUS.IA-approved site type code

Date a six-digit number indicating the day, month, and year of collection

Time a four-digit. number indicating the 24-hou-r clock time of collection

0 Mediatype the type of sample (e g, groundwater)

0 Sample depth

0 Sampler's signature

0 Preservative the type of preservative used, if required

0 Analysis the type of analysis requested

0 The PMIZMA-approved sampling technique used during collection

An example of a sample label to be used during the program is shown in Figure K9

Custody seals (evidence tape) will be used to preserve the integrity of the samples in the regular

nonlocking shipping containers from the time of collection until they are opened in the laboratory

Field personnel will assist the RIAA sample shipping custodian with custody seals The seal Will be

attached in such a way that it will break when the sample shipping container is opened Samples

shipped in the Coleman Sample Manager' or equivalent cooler will be sealed using wire and lead

seals The seals will carry the following information

0 PMIUAA sample shipping custodian's initials

0 Date and time of sealing

Locking shipping containers will not require the use of custody seals

6.4 Chain-of-Custody Records

To establish the documentation necessary to trace sample possession from the time of sample

collection at RMA through sample analysis, a COC record will be completed and will accompany
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every sample This record vnE document sample custody transfer from the sampler, to other

sampling team members (if necessary), to the laboratory, and back to RMA for disposal Unused or

excess samples returned to RMA will be managed appropriately either onsite or offs1te in accordance

with applicable regulatory requirements at the time of operation

The COC process vall be maintained by PMRMA using a commercial shipper for shipment of bottles

to the site and shipment of samples back to the laboratory The PNMAA sample shipping custodian

will arrange the shipping, prepare the couner airbill form, write the courier airbill number on the

COC record, and sign a separate cooler COC record and the couner airbill form

The COC record generally contain the following information

Sampling program identification including contract code and delivery order number

last of sampling team members

Label identification number

Date of sample bottle preparaiaon and shipment

Signature of sampler or bottle preparer

Date and time of sample collection

Sample location and depth

Analytical laboratory identification

Medium. type and/or PNMvIA-approved file type

Airbill number

0 Sample preservation

0 Type of requested analysis

0 Signatures of persons involved in the chain of sample possession

0 Inclusive dates of possession

0 PNHUAA-approved sampling technique and site type
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The laboratory portion of the COG record Will be completed by laboratory personnel and typically

contains the following information

Date of sample receipt by the laboratory

Name of person receiving the sample at the laboratory

Sample condition and temperature upon receipt at the laboratory

Samples will be appropriately packaged for shipment and will be dispatched to the laboratory for

analysis with a separate COG record accompanying each shipment The method of shipment, courier

name(s), if any, and other pertinent information should be entered in the remarks section of the COG

record An example COG record that will be used for water samples collected during the program is

presented in Figure K10

Each COG record consists of three sheets of pressure-sensitive paper (white, yellow, and pink) After

the PMRMA shipping custodian at Building 618 signs the COG, additional copies of the original will

be made for the Logistic Branch of the Army and the Laboratory Support Division. The two colored

backing sheets of the COG will be removed, and the sample container with the original white COG

record inside the hd will be sealed by the Army The yellow original will be retained in the

sampling files, and the pink original will be retained by MWA

After the field COG record is signed by the laboratory, the laboratory win initiate an internal COG

record to track the sample through analysis The original COG record will be retained in the

laboratory's files, and when required, a photocopy of the original COG record will accompany the

unused portion of the sample back to RMA for final disposal Under no circumstances is the

laboratory to send extracted or spent samples to RMA for storage

6.5 Corrections to Documentation

Unless otherwise prohibited, data recorded in field logbooks, sample labels, and COG records will be

completed with waterproof ink. None of the accountable, serialized documents will be destroyed or
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discarded, even if the documents are illegible or contain inaccuracies that require a replacement

document

Errors on field documents will be con-ected by drawing a line through the error and entering the

correct information Fxrors on afield document should be corrected by the person who made the

original entry, and the erroneous information should not be obliterated Corrections to documenta-

ton will be initialed and dated
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7.0 LABORATORY ANALYSE-S

Laboratory analyses of samples for evaluating chemical properties and constituents will be performed

according to the PbflUvIA certification program protocol for investigative samples The Army

anticipates that certified and uncertified laboratory analytical methods will be used during the

analyses of groundwater samples Approximately 18 investigative gioundwater samples Will be

collected quarterly Additionally, QA/QC groundwater samples will be collected and analyzed for the

landfill CAMU areal configuration pre-operational monitoring program Generally, samples for

GC/MS conformatonal. analyses will be collected in an amount equal to 10 percent of the invest-

gatve samples

During the pre-operational monitoring period, groundwater samples will be analyzed using PbUZMA-

certified methods for the list of 61 taiget analytes provided in Table K3 Also provided in the table

are the methods of analysis applicable to each target analyte Noncertified analyses will be It

performed on groundwater samples by the field sampling team for temperature, conductivity, pH,

alkalinity, dissolved oxygen, and turbidity

One or more analytical laboratories maybe used to perform analyses for specific target compounds

One certified reporting limit (CRL), described in the QAMP (HIA, 1993b), will be established for

each target compound This will eliminate the possibility of more than one CRL being reported for

aný specific target compound
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8.0 DATA E-VALUATION AND RECORD KEEPING

8.1 Data Evaluation Including Statistical Analysis of Results

Water-level data collected during each sampling event and other available data, if applicable, will be

used to evaluate the groundwater flow patterns in the landfill area Water-level data will be plotted

in con)unction. with the annual RMA GMP results

Groundwater analytical data collected as part of the pre-operational monitoring program will be

reviewed initially to identify the background water quality conditions within the landfill GAMU areal

configuration, including the CFS and the UFS Statistical methods will be used to evaluate the

operational closure and postclosure monitoring data using standard EPA guidance on statistical

analysis of groundwater monitoring data (EPA, 1989, 1992) as discussed in Section 2 1 After

completion of the pre-operational monitoring period, a specific procedure for evaluation of the

operation groundwater monitoring diita will be developed by the Army and submitted for CDPBE

approval as part of the Revised CAMU Groundwater Monitoring Program

8.2 Record Keeping and Reporting

The Army will keep records of the analyses and associated groundwater surface elevation throughout

the closure and post-closure monitoring period Groundwater monitoring information will be

reported to CDPHE on a frequency that will be established in the final groundwater monitoring plan
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9.0 ACRONYMS

Army U S Department of the Army

bgs Below ground surface

C Downgradient concentration of interest

C" Source concentration

CAMU Corrective Action Management Unit

CCR Code of Colorado Regulations

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CFS Confined flow system

COC Chain of Custody

CRL Certified Reporting Limit

CVAA Cold vapor atomic adsorption

DBCP Dibromochloropropane

DCPD Dicyclopentadiene

Denver Fm Denver Formation

DRvfP Dusopropylmethyl phosphonate

DQO Data qualit% objectives

DOT U S Department of Transportation

Ebasco Ebasco Services, Inc

EC E3ectncal conductivity

EPA U S Environmental Protection Agency

ESE Environmental Science and Engineering, Inc

FFA Federal Facilities Agreement

GCCD Gas chromatography/chemaluminescencedetector

GC/CON Gas chromatography/conduct:Lvitydetector

GC/ECD Gas chromatography/electroncapture detector
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GC/FID Gas chromatography/flame ionization detector

GC/FPD Gas chromatography/flamephotometnc detector

GC/MS Gas chromatography/mass spectrometry

GC/PlD Gas chromatography/photolonizationdetector

GC/NPD Gas chromatography/mtrogenphosphorous detector

GMT Groundwater Monitoring Program

HCl Hydrochloric acid

BLA Harding Lawson Associates

HNO, Nitric acid

BPLC High phase liquid chromatography

H2S04 Sulfuric acid

ICP Inductively coupled argon plasma screen

ED Inner diamerter

IMEPA Isopropylmethylphosphonic acid

IONCHROM Ion chromatography

ISE Ion selective electrode

MEMO Monitoring Efficiency Model

MEBK Methyl isobutyl ketone

NfKE Morrison-Knudsen Engineers, Inc

ml Millihter

NDMA N-nitrosodimethyl

NaOH Sodium hydroxide

OCP Organochlonne pesticides

OPP Organophosphorus pesticides

OPC Organophosphorus compounds

OSC Organosulphur compounds

PED Photolonization detector
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PMIUVIA Program Manager for Rocky Mountain Arsenal

PMSD Program Manager Support Division

PPE Personal protective equipment

PVC Polyvmylchlonde

QAC Quality Assuiance Coordinator

QAMP Quality Assurance Management Plan

QA/QC Quality assurance/quaLty control

RCRA Resource Conservation and RecoveryAct

RMA Rocky Mountain Arsenal

ROD Record of Decision

SPDA South Plants Decontamination Area

State State of Colorado

TOC Top of casing

UFS Unconfined flow system

USCS Unified Soil Classification System

USGS U S Geological Survey

UX0 Unexploded ordnance

VHC Volatile hydrocarbons

VOA Volatile organic aromatics

VOC Volatile organic compounds

VOH 'volatile organic halogens

OF Degrees Fahrenheit

90 Micrograms per hter

,il Microliters
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Table Kl: 1995 RMA Sitewide Groundwater Monitoring Program Monitoring Wells
Located Hear the Landfill Area

Water-l"y I MovRormit Wells
Section Number of Wells Well. Designation-Unconfined Flow System
25 37 001, 003, 004, 008, 011, 012-, 015, 018, 022, 023, 025, 026, 028,

030, 031, 032, 033, 035, 038, 039-, 041, 042, 043, 044, 046, 047,

048, 049, 051, 052, 054, 055, 056, 057, 058, 059, 062,
Eastern 26 11 051,037,074,123,124,143,155,158,159,164,170

Section Number of Wells Well Designation-Confined Flow System
25 14 007, 009, 010, 013, 014, 0 L6, 017, 019, 020, 021, 024, 029-, 034,

037
Eastern 26 5 055, 075, 144, 150, 156*

Water-Quahtr Monitoring Wells
Section Number of Wells Well Designation-Unconfined Flaw System
25 0 none
Eastern 26 4 073, 155, 158,170

Section Number of Wells Well. Designation-Confined Flow System
25 0 none
Eastern 26 0 none

Source United States Geological Sur7ey, 1995

Flow system designation - unlaiawn.
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Table K2: Proposed CAMIJ Groundwater Monitoring Program
Monitoring Well Networks

Well Number Flow System Desýgnahon Gra&ent Dn-ection

Proposed Monitoring Well Network for the Background Momtoring Period
25003 UFS Downgradient
25008 UFS Downgmclient
25015 UFS Downgmdient
25022 UFS Upgmdient
25028 UFS Downgradient
25031 UFS Downgradient
25033 UFS Downgradient
25035* UFS Downgradient
26073 UFS Dawngrachent
26097 UFS Downgradient
26123 UFS Downgradient
26143 UFS Downgradient
26155 UFS Downgrachent
26159 UFS Upgrachent
(plus 4 now wells) UFS I upgrachent and 3 downgradient

Proposed Mouxtoring Well Network for the Operahoual Momtormg Period
25003 UFS Downgradient
25015 UFS Downgrachent
25022 UFS Upgrachent
25028 UFS Downgrachent
25031 UFS Downgrachent
25033 UFS Downgradient
25035* UFS Downgradient
26073 UFS Downgrachent
26123 UFS Downgrachent
26155 UFS Downgrachent
25159 UFS Upgrachent
(plus 4 nsA wells) UFS I upgradient and 3 downgradient

The monitoring well oetwork for the closure and post-closure monitoring period will be developed after groundwater data are
available from the operational monitoring period

CAMU Corrective Action Management Unit
UFS Unconfixwd (law svstem

. Well number 25035 is drr periodically and will be sampled only when sufficient water is available
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Table K3: Background Monitoring Period Amalyte List

Agent Products by HPLC Organocblonne Peshcades by GC4CD
Thiodiglycol 2,2'-bis(Para-cldorophenyl)-

1,1-dichloroethane
Agent Products by IONCHROM 2,21-bis(Para-clilorophenyl)-
Isopropylmethylphosphomc acid 1,1,1-trichloioethane

Aldrin
Metals by ICP Chlordane,
Arsenic Dieldrin
Cadmiwn Endrin
Chromium Hexachlorocyclopentadiene
Copper Isodrin
Iron
Lead Organophosphorus PesticiLdes by GC/NPD
Manganese Atrazine
Zinc Malathion

Parathion
Organophosphorus Compounds by GCTPD Supona.
Dusopropylmethyl phosphonate (DRvfP) Vapona,

Senuvolable Organic Compounds by GC/MS* Organosulphm Compounds by GCITD
1,4-C)xathiane 1,4-Oxathiane
2,2'-bis(Pa.ra-chorophenyl)- Benzotbiazole

1,1-chchloroethane p-Chlorophenylmethyl sulfide
2,2'-bis(Para-chlorophenyl)- p-Chlorophenylmethyl sulfone

1,1,1-tnchloroethane p-Chlorophenylmethyl sulfo.Nade
Aldrin Dimethyldisulfide
Atramne Dithiane,
Chlordane
Dibroinochloropropane Volatile Aromabc Organic
Dicyclopentadiene Compounds by G41MED
Dieldrin Benzene
Dusopropylmethyl phosphonate Ethylbenzene
Dimethylinethyl phosphonate Toluene
Dithiane m-Xylene
Endrin o- and p-Xylene
Hexachlorocyr-lopentachene
Isodnn. Volahle Halogentated Orgamc
Malathion. Compounds by GC/CON
p-Chlorophenylmethyl sulfide 1,1-Dichloroethane
p-Chlorophenylmethyl sulfone 1,2-Dichloroetliane
p-Chlorophenylmethyl sulfo)ade 1,1-Dichloroethylene
Parathion cis-1,2-Dichloroethylene
Supona trans-1,2-Dichloroethylene
Vapona 1,3-Dichlorobenzene

1,1,1-Trichloroethane
1,1,2-Tnchloroethane
Carbon tetracblonde
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Table K3 (continued)

Volaftle Halogentated Orgamc Volable Organic Compounds by GC/MS*
Compounds by GQCON (continued) -1,1-Dichloroothane
Chlorobenzene 1,1-Dicbloroethylene
Chloroform 1,2-Dichloroethane
Methylene chloride cis-1,2-Dichloroethylene
Tetrachloroethylene trans-1,2-Dichloroethylene
Trichloroethylene 1,3-Dichlorobenzene

1,1,1-Tnchloroethane
Volatile Hydrocarbon Compounds 1,1,2-Tnchloroethane
by GQFID Benzene
Bicycloheptachene Bicycloheptadiene
Dicyclopentachene (DCPD) Carbon tetrachloride
Methyhsobutyl ketone (MEBIO Chlorobenzene

Chloroform
Mercury by CVAA Dibromochloropropane

Dicyclopentachene
Cyamde by Colonmetric Dimethyldisulfide

Ethylbenzene
Amons by IONCHROM Methylene chloride
Chloride Methylisobutyl ketone
Sulfate Tetrachloroethylene

Toluene
Cations by ICP Trichloroethylene
Calcium m-Xylene
Magnesium o- and p-Xylene
Sodium
Potassium Total Organic Carbon

Fluonde by ISE Dmolved Organic Carbon

Other Orgamcs by GC/ECD Other Ions by Colorimetric
Dibromochloropropane Nitrate/nitnte

Ammomim nitrogen
N-nxtrosodunethylamine by GCCD Total Kjeldahl nitrogen

Reld Parameters
Alkalinity
Conductivity
Dissolved oxygen
pH
Temperature
Turbidity
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Table K3 (continued)

Source RMA Groundwater Monitoring Program Target Analyte last USGS, 1995

AA Atomic absorption spectrometry
C Colonmetr3c
CVAA Cold vapor atomic absorption
GCCD Gas chromatography/cheTnili,Tninescence detector
GQ/CON Gas chromatography/conductivity detector
GC/ECD Gas chromatography/electroncapture detector
GC/FED Gas chromatography/flame ionization detector
GC/FPD Gas chromatography/flame photometric detector
GQ/MS Gas chromatography/mass spectrometry
GC/NPD Gas chromatography/mtrogenphosphorous detector
GC/PI1D Gas chromatographylphotolornzation detector
BPLC High performance liquid chromatography
ICP Inductively coupled argon plasma screen
IONCHROM Ion chromatography
ISE Ion selective electrode
MEBK Methyhsobutyl ketone

GC/MS analyses for confirmation purposes will be performed on 10 percent of samples only
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Facilities within Corrective Action Management Unit (CAMU) Arecl Configuration Explanation

ziý Basin F Waste Pile Drying Unit
Arsenal BoundaryA\ Waste Staging/Consolidation Area

A3 Decontamination Facility Study Area Report Boundary

Note: Locations of specific facilities Area of Contamination Boundary
within the CAMU are subject 23 119to change 4 20 CAMU Area] Configuration

Landfill Principal Threat Volume;
RCRA-Equivalent Cap

22
EDLandfill CAMU Caps/Covers

Areal Configuration

Direct Solidification/StabilizafionBasin F Waste Pile
Drying Unit C)
CAMU Areal

Hex Pit ExcavationConfiguration

Landfill Human Health Soil, I
27 29 Consolidafion of Biota Soil

2Landfill Human Health Soil
128

Landfill Site

Soil Covers

Agent Screeni Area
(Caustic wash7landfill)
Unexploded Ordnance Soreening

ý,5 1 0 0 If U j 3 2 Area (Detonafion/landf ill)
0

Surficial Soil Consolidation

Access Restrictions

5 Section Number

iRefuse from the Sanitary Landfills
Medium Group will be consolidated

24 3 11 6 5 Wastepile material will be dried prior to
oRdfilling if point filter test is failed

El

Prepared for:
Program Manager for
Rocky Mountain Arsenal

-N- 0 Commerce City, Colorado
Prepared by: Tetra Tech EC, Inc.

9 i 12 7 8
Figure K1

0 1500 3000

Scale in Feet Proposed Cornrective Action
Management Unit Areal
Configuration
Rocky Mountain Arsenal
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2ý 24 Explanation
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MAJOR DIVISIONS SYMBOLSý TYPICAL NAMES

Well-graded gravels or gravel-sand mixtures, little of no
CLEAN GRAVELS GW 0 0 fines

GRAVELS WIIH
Uj LESS THAN 5% FINES 0' Poorly graded gravels or gravel-sand mixtures. little or no

GP C) fines
cncn MORE THAN 1/2 OFjw COARSE FRACTION> gravels, gravel-sand mixtures
0>. GRAVELS GM Silty
Enui No 4 SIEVE SIZE
c3v; WITH
LU OVER 15% FINES Clayey gravels, gravel- sand-clay mixtures
ZO G C

Weil-graded sands or gravelly sands, little or no fines
"'Z CLEAN SANDS SW

Aapt SANOS WITHC= LESS THAN 5% FINES Poorly graded sands or gravelly sands. little or no fines
KO

0 to SP
ure MORE THAN 1/2 OFU.1

COARSE FRACTION< Silty sands, sand-silt mixtures
SANDS SMNo 4 SIEVE SIZE WITH - P/ Clayey sands, sand-clay mixturesOVER 15% FINES SC:

W Inorganic silts and very fine sands, rack flour, silty or
ML clayey fine sands or clayey silts with slight plasticity

En SILTS & CLAYS
cnw Inorganic clays of low to medium plasticity, gravelly clays.
i _ý
OW CL sandy clays. sEty clays, lean clays

LIGUID LIMIT 50% OR LESS
Organic silts and organic silty clays of low plasticity

wo OLX0
:Z C-4 Inorganic silts micaceous or chatomaceous fine sandy or

MH silty soils, elasfic siltsI V I Iujýlt SILTS 9 CLAYS
Z0 ý// Inorganic clays of high plasticity, fat clays
ý:tn CH

cr LIGUID LIMIT GREATER THAN 50%W Organic clays of medium to high plasticity. organic silty
0 OH clays, organic .uts

HIGHLY ORGANIC SOILS PT Peat and other highly organic sods

DEBRIS ZONEIK Metal concrete plastic brick. wood, etc

CONSTRUCTION OEBRIS3E Concrete, woocl. rebar. asphalt

SYMBOLS KEY GRAIN SIZE CHART

Bulk or classification sample CLASSIFICATION RANGE OF GRAIN SIZES

U S Standard Grain Size

No sample recovery 
Sieve Size in Millimeters

BOULDERS Above 128 Above 305

Undisturbed sample COBBLES 12' to 38 305 to 76 2

GRAVEL 3' to No 4 76.2 to 4.75
coarse 3' to 3/4* 76.2 to 19 1

First -encountered groundwater level fine 3/4' to No 4 19 1 to 4 75

SAND No 4 to No.200 4 75 to 0 075
Static groundwater level coarse No 4 to No 10 4 75 to 2 00

medkn No 10 to No 40 2 00 to 0 425
fine 40 to 1,10.200 0 425 to 0 075

(lOYR 4/4) Munsell soil color chart i

1990 edition SILT CLAY elow No.200 Below 0.075

source ASTM 0 2488-90, based on Unified Soil Classification System
I Not part of ASTM Classification System 0
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Record of Activities at Well Sites Water Level Measurements

Project Project Number

Locabon Supervisor.

PID Reading stck Up Water Level P
Total

Depth Measuring
Well No 00 Date Time Sk 7nd TOC (Feeý (Tenths) (Feeti (Tenths) (Feet) Device Comments

it
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Log Book#

GROUNDWATER SAMPLING FIELD DATA SHEET page --- :-df--

Well ID No Purge Equipment Analytical Equipment SamplersinuMs Tom Date
DedcalsdftnV
setn;L pH Meter

0 Beckrrianpli2l

Casing Diameter C3 HACH
Benrell Purnp (reflon Tubrg) [I Orion SA250 Meter Calibration Time

C3 MeYMPUnV(PvCTubmM
in 0 Guifts El Other- pH7oo.-----a-------2c

Tubng) ý72.*U-3. SERIAL NO Tin*
C-N Sbdojp 13 Sju*tss Ekv*r Conductivity Meter pH 10 00-c-K-------.! C

0 D L&NGTH
16T 0 LJ 2 tL C) YSI Model 33

Total Well Depth JIL 1.W El 3fL [3 Curtm Matiesm Conductarce Standard jimhostan at 25ct

3.7S' 4 tL 0 Other- Tom

- P -tL SERLALNO _ Measrured Value- umhoW= aL--ýQ-
fL SERIAL NC Dissolved Oxygen Meter Ca&atDd Condu&vfty . Measured Coidictm + (0 02)

Stabc Water Level Sample Equipment
0 DedcaW Purnp 0 YSIModel5IB (n*awed conducunce) (250C -Actual Temp)

rAmrgr SERIAL NO Time
fL Chuge -

Saturated Thdmess Dwharge- Temperature Meter- - umW= at 25DC

D Benratz PLonp (Teflon Tubirg) 13 Bedmian phi 21 Time
ED Mayers Puirp (PVC Tubaxj) 0 HACH

I'L Gnzdm Puffp (Nem [3 Onon SA250 D-&-ed oxygen- rngn aL--2c-
,m 3Casing Vokime /Annulus Vb-l Tubro C3 2,L LrL 13 Otheý-ftn" UL-r

0 D G SERIAL NO Tilration Results (Acid Concentration. 016 16)

gal IA5 13 2 t Filtration Equipment pH 83 51 4,8 4.5
Saeoned Interval 1.85 0 3tL 0 Geotech Penstaft Pump

-75 0 4tL [3 GeotDch a45 rn fifter #Cricks

it SERIALNO13 fL ED Dapos. 0 45 rnicIrco7filter Color

PLmje Contasnenzed ? EMk C1 Tank # Water Level Meter Sample Depti. (tL)
0 Yes [3 No Barrel El # s Solinst

Time Number of Gallons Water OC EC Dissolved 02 Pump Approx

Camv Volumes I Rernoved Level unnhooslorn pH mgbWr Rate Pump Visual Discitpition
GPM Depth ft,

Intial Readings Sample Readings
El HNu 1`OQ-
D Oval
El M=tp BN;rid

Pro*Gý:ý" Le
3 Senal It A B C D

HSO Signattire

Condition of Well Remarlm

Sampler Signature
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Work Authonzation Number

CHAIN-OF-CUSTODY RECORD Sample Round/Episode

Project Name/Project No Sample Date Sample Technique Site Identification
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I I I
TIME TAG NO ANALYSIS REQUIRED CONTAINER PRESERVATIVEIREMARKS

Re*riquarod by (Sagrwure) DateiTime Received by- (Signature)

Relenqumhod by (S#"ure) Daterl'irne Received by- (Signature)

RelenquLshed by (Signature) Date/Time Recerved by- (Signature)

Relenqutshed by (Signature) Date/Time Received by (Signature)

Airbill Number

'g7 C-py ProAd OF= Copy fWdor0ft*CWy
Yeww Pmk
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Attachment KI

The predicted performance of the proposed Corrective Action Management Unit (CAMU) landfill

monitoring well network for monitoring the operational period of the landfill was evaluated using the

Monitoring Efficiency Model (MEMO) MEMO provides a methodology for quantitatively comparing

monitoring well system configuxatiors based on site-specific geometries This attachment summarizes

the MEMO methodology and describes how the method was applied to evaluate the landfill monitoring

well network The NfEMO methodology and model are described in greater detail in Wilson and others

(1992) and Golder Associates (1992)

METHODOLOGY

To implement MEMO methodology, a potential source area is defined and divided into a uniform grid of

potential source points A constituent plume is then mathematically simulated from each potential

source point using an analytical contaminant transport solution MEMO uses the two-dimensional

solution of Domenico and Robbins (1985) as modified by Domenico (1987), which characterizes the

source as a horizontal line of constant concentration and finite width perpendicular to groundwater flow

direction, and predicts downgradient concentrations as a function of location and time The analytical

solution is used to assess whether mathematically generated plumes reach a specified boundary (in this

simulation the C-Ad, fU Landfill Boundary) beyond the potential source area before being detected by a

monitoring uell

Figure KI I fflustrates the three possible results for each potential source point (1) the predicted plume

reaches a stead% state condition without intersecting the site boundary or being detected by a monitoring

well (i e the source is of such diminutive magnitude that the plume does not reach a well or the site

boundary), (2) the predicted plume is detected by a monitonng well beforeintersecting the site boundary,

or (3) the predicted plume intersects the boundary before being detected by a monitoring well The

current version of MEMO does not differentiate betweenresults I and 3 identified above Efficiency of

the system is then evaluated as the percentage of potential source points for which a successful result, or

result number 2, is obtained

21907 7050111 Harding Lawson Associates Ki-I
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INPUT PARAMETERS

MEMO requires the following input parameters to assess the efficiency of a monitoring well network

0 Geometry of the simulation domain (potential source area, site boundary, and monitoring well
locations)

0 Velocity of the simulated constituent in groundwater

0 Groundwater flow direction

0 Longitudinal and transverse dispersivities

0 Source width

Diluton contour (defined as the ratio of source concentration to a downgradient concentration of
interest, in this case the detectable concentration)

In addition, the model will accept inputs for molecular diffusion and first-order decay mechanisms

These mechanisms, however, were not considered for this analysis Neglecting all nonreversible mass

transfer mechanisms (e g , decay or volatilization) results in a conservative assumption in that system

efficiency will be underestimated Likewise, neglecting molecular diffusion also results in underest-

ination of system efficiency and is therefore considered a conservative assumption

If molecular diffusion and decay mechanisms are neglected, as they have been for this analysis, the

solution for the monitoring well system efficiency is independent of the constituent velocity in the

groundwater because the shape of a plume (as predicted by the Domenico and Robbins analytical

solution) of a given length is independent of elapsed tune For example, in the absence of molecular

diffusion and decay, a plume that takes 5 years to reach a length of 500 feet will be identical to a plume

that takes 50 years to reach a length of 500 feet Therefore, a determination of constituent velocity, or

parameters upon which it is dependent (i e , hydraulic conductivity, hydraulic gradient, porosity, and

retardation), is not required for this analysis A discussion of the other input parameters is provided in

the paragraphs below

KI-2 Harding Lawson Associates 21907 7050111
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Geometry of the Simulation Domain

Geometry of the simulation domain is shown in Figure KI 2 The potential source area is considered to

be the seven landfill cell footprints as illustrated in Figure KI 2 and presented in this CAMU Designation

Document as a potential landfill cell layout It should be noted that this cell layout will likely change

during design of the landfill When the landfill design is complete, a new simulation should be run

through the MEMO model to verify the well network. The site boundary is equal to the CAMU Landfill

Boundary The buffer zone is an extension of this boundary by appioximately 1,000 feet to the north

and south and approximately 500 feet to the east and west

Groundwater Flow Direction

For the model, the groundwater flow direction in the landfill area was subdivided into four flow

directions as showum Figure K1 2 The four flow directions are based on the water-table map illustrated

in Figure K2 of Appendix K In the western portion of the landfill area, the groundwater flows north

50 degrees west (N 50 0 W) There is a bedrock and groundwater high in the southeast quarter of the

area East of the bedrock high groundwater flow is primarily to the east (N 90 0 E) North of the bedrock

high groundwater flow is primarily to the N 0 1' E and N 500 E An evaluation of the sensitivity of the

solution to flow direction is discussed in the sensitivity section

Longitudinal and Transverse Dispersivity

Dispersivity is a characteristic property of a porous medium that describes its tendency to disperse a

plume of dissolved constituents migrating through the subsurface Dispersivity is generally used to

characterize plume dispersion that occurs due to small-scale spatial variation in soil properties and

temporal variations in the groundwater flow As noted by Wilson aiid others (1992), site-specific

dispersivity data are rarely available At Rocky Mountain Arsenal (RMA), however, the published value

for alluvial longitudinal dispersivity is 30 5 feet (Anderson, 1979) U S Environmental Protection

Agency (EPA) guidance (1985) suggests that transverse dispersivity may be apprommat d as 0 33 times

the longitudinal dispersivity Based on the published dispersivity and EPA guidance, longitudinal

dispersivity was estimated as 30 5 feet and transverse dispersivity was estimated at 10 feet (0 33 times

21907 7050111 Harding Lawson Associates KI .3
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the longitudinal dispersivity) An evaluation of the sensitivity of the solution to transverse dispersivity is

discussed in the sensitivity section

Source Width

For the purposes of this analysis, a source width of 20 feet was assumed The landfill area is approxi-

mately 2,000 feet in width at its widest point, and therefore a 20-foot source width represents a

contaminant source point that is approximately I percent of the total width of the source area Larger

source widths generate plumes that are more easily detectable by the monitoring well network Smaller

source widths require relatively stronger source concentrations to generate a plume of sufficient

magnitude to result in detectable concentrations at the site boundary An evaluation of the sensitivity of

the solution to source width is discussed in the sensitivity section.

Dilution Contour

Generally, a plume contour delineates an area within which a specified concentration is exceeded Areas

w-ithin the plume contour exhibit concentrations above the contour value, while areas beyond the plume

contour exhibit concentrations below the contour value MIMO methodology, however, defines the

plume boundary as the ratio between source concentration (C,) and a downgradient value of interest (G),

in this case the detectable concentration This is achieved by rearranging the Domenico and Robbins

solution to solve for the CdC ratio Wilson and others (1992) refer to the line of equal ratio as the

dilution contour In practice, this method generates contours that are representative of a variety of C,/C

ratios For example, a dilution contour of 100 is equally valid in describing the I microgram per liter

(jig/1) contour resulting from a 100 jig/I source, the 2 jig/l contour resulting from a 200 /ig/I source, etc

An evaluation of the sensitivity of the solution to dilution contour is discussed in the sensitivity section

RESULTS

MEMO was used to evaluate various well configurations on the northern, eastern, and western perimeters

of the CAMU Landfill Boundary which, based on past water-level observations, are downgradient of the

landfill cells Results of numerous MEMO simulations indicate that an optimal design of

KI-4 Harding Lawson Associates 21907 7050111
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12 downgradient wells are proposed to monitor the area The selected downgrachent well configuration

is illustrated in Figure K1 2, and is also described in the text of Appendix K

A sample of model results for a single simulation is provided as Figure K1 2 The hatched portion of the

landfill area indicates areas from which a source would be detected Figure K1 2 illustrates that for the

selected downgradient well configuration the simulated efficiency of the system in detecting a single

20-foot-wide source is approximately 99 percent The input parameters used in the model run illustrated

in Figure KI 2 are as follows

The geometry of simulated domain as illustrated in Figure KI 2 with the seven-cell landfill
footprints as the potential source areas of contamination and a network of 12 downgradient
monitoring wells

The velocity of the simulated constituent in groundwater is equal to the groundwater flow rate
(no retardaton or attenuation of the constituents)

The longitudinal dispersivity is 30 5 feet and the transverse dispersivity is 10 0 feet

The source width is 20 feet

The dilution contour is 10 x 10'

The input parameters were selected after performing a sensitivity analysis discussed in the following

section The input parameters represent the selected values based on the results of the sensitivity

analysis

Two points are worth noting about the model results, as expected, the further upgradient the potential

source is from the monitoring wells and the closer it hes to a stream line that runs through a well, the

easier it is to detect a release from that point Furthermore, the definition of efficiency is the probability

that a single source occurring in a random location within the source area extent will be detected before

resulting m a detectable concentration at the site boundary Probability of detection greatly increases in

the event of multiple sources The probability that multiple, randomly distributed sources would be

detected can be calculated as 1-(l-a)', where a is the probability of detection for one source and n is the

21907 7050111 Harding Lawson Associates KI-S
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0

numberofsources; For example, the optimal 12-well efficiency increases from 99 percent to 100 percent

if two sources exist rather than )ust one

SENSITIVITY OF RESULTS TO INPUT PARAMETERS

Sensitivity of the model results to the input parameters including source width, flow direction, transverse

dispersivity, longitudinal dispersivity, and dilution was examined by perturbing one of the parameter

inputs while keeping all other inputs fixed Results of the sensitivity tests are summarized in

Table Ki 1

Table KI 1 illustrates that 20 feet is a conservative source width for this analysis, as using source widths

that are either an order of magnitude higher or lower both resulted in system efficiencies of greater than

90 percent As described in the results section, larger source widths result in plumes that are more

easily detected by the monitoring well system, and smaller source widths result in plumes that do not

increase concentrations to detectable levels at the site boundary, except at very high source concentra-

tons Table Ki 1 also illustrates that this analysis is not highly sensitive to variations in flow direction,

or 50 percent changes in transverse or longitudinal dispersivity The maximum change observed in the

predicted system efficiency during analysis of sensitivity was a decrease to 82 percent (from 98 percent),

which resulted from a change in the groundwater flow direction from the four estimated flow directions

calculated from the map in Figure K1 2 to a simplified estimate of two flow directions

REFERENCES

Anderson,MP 1979 Using models to simulate the movement of contaminan through groundwater
flow systems, Chtical Reviews in Environmental Control 9(2) 97-156

Domenico,PA 1987 An analytical model for multidimensional transport of a decaying contarninqnt
species Journal of Hydrology (91) 49-85

Domenico, P A and G A. Robbins 1985 A new method of contaminant plume analysis Ground Water
23(4) 476-485

Golder Associates 1992 User's manual, morutormg ana4wis package including MEMO, PLUME, and
COPRO (version 1 1)

KI -6 Harding Lawson Associates 21907 7050111
0313031496 CP



Attachment KI

U S Environmental Protection Agency 1985 Water quality assessment, a screerung procedure for toxic
and conventional pollutants m surface and ground water-part II Environmental Research Laboratory,
Office of Research and Development, Athens, GA., EPA160016-851002b, September

Wilson, CR, CM Einberger,RL Jackson, and RB Mercer 1992 Design of ground-watermonitoring
networks using the monitoring efficiency model (MEMO) Ground Water 30(6) 965-970

21907 7050111 Harding Lawson Associates KI -7
0313031496 CP



Table K1.1: Summary of Analysis of MEMO Sensitivity to Input Values Selected

Sensitivity to Higher Value Selected Value Rostdt SonsitivitV to Lower Value
Parameter Model Input Efficiency Model Input Efficiency Model Input Efficiency

Source width 200 foot 100 percent 20 feet 99 percent 2 feet 95 percent

Groundwater flow direction N 500 W 99 percent N 900 E 99 percent N 950 E 99 percent
N 400 E N 450 E
NOO W N 50 E
N 500 W N450 W

Transverse dispersivity 15 foot 99 percent 10 foot 99 percent 5 foot 97 percent

Longitudinal dispersivity 45 feet 99 percent 30 5 feet 99 percent 15 feet 99 percent

Dilution 10 x 101 99 poi cent 1 0 x 10, 99 percent 1 0 X 102 95 percent

MEMO Monitoring Efficiency Model
N North
E East
W West
0 Degrees

219D7 70,5013
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1.0 INTRODUCTION

This guideline for the development of the CAMU Closure and Post-Closure Plan has been prepared as an

appendix to the Corrective Action Management Unit (CAMTJ) Designation Document (CDD) in support of

the designation of a CAMU as part of the remedy for cleanup of the Rocky Mountain Arsenal (RMA),

located in Adams County, Colorado The CAMU will be designated by the Colorado Department of

Public Health and Environment (CDPHE) in accordance with Section 264 552(a) of 6 Code of Colorado

Regulations (CCR) 1007-3 under the authority granted to CDPHE by the Colorado Hazardous Waste

Management Act (CHWMA) The designation will be part of a corrective action order issued under the

authority of 25-15-308 C R S The CDD and its appendixes are being submitted to the CDPHE in

conformance with Section 264 552(d) of 6 CCR 1007-3 This appendix has been prepared by Harding

Lawson Associates (HIA) as a contract deliverable under Delivery Order 0007 (Task 93-03, Feasibility

Study Soil Support Program) of Contract DAAA05-92-DO003 between HLA and the U S Department of

the Army (Army) This document has been prepared at the direction of the Army for the sole use of the

Army, the signatories of the Federal Facilities Agreement (FFA) of RMA, the State of Colorado (State),

Adams County, and Tri-County Health Department, the only intended beneficiaries of this work. This

document has been prepared for designation of a CAMU at RMA and should not be used for any other

purpose

1.1 Purpose and Scope

The CDD, including this appendix, will be submitted to Colorado Department of Public Health and

Environment (CDPHE) in support of the designation of the CAMU This document presents guidance for

the development of a final Closure and Post-Closure Plans for the CAMU at RMA. A general location

map for RMA. is presented in Figure Li and the CAMTJ areal configuration is presented in Figure L2

The final Closuxe and Post-Closure Plan will be prepared in accordaace with the Colorado Hazardous

Waste Regulations found at 6 Code ol Colorado Regulations (CCR) 1007-3, Section 264 552 Although

not specifically required by 6 CCR 1007-3, Section 264 552, this Closure Plan will also use as guidance
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mamy of the elements for closure and post-closuxe care specified in 6 CCR 1007-3, Part 265, Subpart G

(Closure and Post Closure)

The final Closure Plan will specifically addresses the following areas or facilities within the CAMU that

will require closure (1) landfill, (2) Basin F Waste Pile drying unit, (3) various waste stagmg/consohda-

tion areas, and (4) decontammation facilities The Closure Plan will include post-closure care activities

associated with the landfill 6 CCR 1007-3 Section 264 552 requires that areas within the CAMU where

remediation wastes remain in-place after closure of the CAMU be managed and contained to control,

Tninunize, or eliminate future releases to the extent necessary to protect human health and the environ-

ment The landfill is the only area identified within the CAMU boundary where remediataon wastes will

be placed into the CAMU as part of CAMU operations and will remain in place after closure Other

facilities within the CAMU will not require post-closure care because waste will either be removed from

these facilities or these facilities will be decontaminated during closure Closure performance standards

will be established in the final closure plans developed for each facility Closure performance standards

will be developed in consideration of existing contamination at RMA and will not be based on practical

quantitaton limits or other analytical detection limits

Section 2 0 of this document presents a general description of the RMA facility and the facilities within

the CAMU undergoing closure Section 3 0 presents a general discussion of the closure procedures and

the associated waste management activities that will be incorporated into the Closure Plan Section 4 0

describes the anticipated schedule for closure activities, and Section 5 0 provides guidance for the Post-

Closure Plan Section 6 0 provides a list of acronyms, and Section 7 0 provides the reader with a list of

references used in the document

This document provides a framework for the final closure and post-closure of facilities within the CAMU

The final Closure and Post-Closure Plan for each facility will be developed in the future as the design of
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the CAMU progresses The Closure and Post-closure Plan vnU be subnutted to CDPBE for approval in

accordance with the schedule discussed in Section 5 0 and of the CDD
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2.01 FACILFIrY DESCRIPTION

This section describes the RMA facility Specifically, the following subsections descnbe (1) the RMA

site location and history, (2) the physical setting of the CAMU, (3) hydrogeologic conditions in the

CAMU area, (4) current air monitoring activities, (5) remediation wastes associated with the CAMU,

and (6) a desanpton of the areas within the CAMU that require closure

2.1 General Description

RMA occupies more than 17,000 acres in Adams County, Colorado, northeast of the metropohtan

Denver area (Figure Li) The RMA property was primarily used for agricultural purposes pnor to

1942 In 1942, RMA was purchased by the federal government and used during World War H to

manufacture and assemble chenucal warfare materials and incendiary munitions A significant

amount of chemical warfare materials destruction took place during the 1950s, 1960s, and 1970s

The last demilitarizaton operations ended in the 1980s, and in November 1988, RMA was reduced to

inactive military status with the only lemaining mission at RMA being contamination cleanup In

addition to mihtary activites, major portions of the RMA facilities were leased to private industries,

including Shell Oil Company, for the manufacture of various pesticides, insecticides, and herbicides

2.2 Physical Setting

RMA is accessible only to authorized personnel The CAMU boundary is within the property

boundaries of RMA, as shown in Figure L2 The ground surface elevation within the CAMU

generally ranges between 5,200 and 5,300 feet above mean sea level (msl) No 100-year floodphain

have been identified within the CAMU The CANfU area includes the Basin F Waste Pile drying unit

area and the landfill area The Basin F Waste Pile drying unit area occupies approximately 50 acres

in the vicinity of the waste pile The landfill area occupies approximately 245 acres in the western

half of Section 25 and the eastern. half of Section 26
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2.3 Hydrogeologic Information

This section describes the general geology and hydrogeology characterizing the area in which the

CAMUislocated The regional geology and hydrogeology have been discussed in detail in -num erous

reports including reports prepared byj May (1982), Morrison Knudsen Engineers, Inc (MICE)(1988),

and Ebasco Services, Inc (Ebasco) (1989) and are not discussed in detail in this Closure Plan

2.3.1 Geology

Immediately underlying the western half of Section 25 and eastern portion of Section 26 (CAMU

landfill area), are alluvial Quaternary deposits that overlie the Denver Formation- The alluvium is

composed primarily of clay, silt, very fine- to fine-, to medium-grained sand with minor amounts of

coarse-grained sands and gravels The alluvium ranges in thickness from approximately 5 to 58 feet

thick in the landfill area. The Cretaceous-Tertiary Age Denver Formation is composed of primarily

claystone with interbedded siltstone, sandstone, and lignite In the northern portion of Section 26,

the Denver Formation is appro3ornately 250 feet thick (Environmental Science and Engineering, Inc

[ESE], 1988)

2.3.2 Hydrogeology

Groundwater at RMA occurs under both confined and unconfined conditions The Quaternary

alluvium and weathered portion of the Denver Formation form a generally continuous groundwater

system where the groundwater is typically unconfined This flow system is called the unconfined

floi% system Confining strata inhibit groundwater interaction between the unconfined flow system

and the deeper, more permeable zones in the Denver Formation, called the confined flow system

Within the landfill area, the groundwater flow in the unconfined flow system is generally from the

southeast to the northwest There is a water-table high associated with a bedrock high in the south

central portion of Section 25 The depth to groundwater in the landfill area ranges from 20 to 70 feet

below ground surface
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2.4 Current Groundwater Monitoring Program

Currently, as part of the site-wide Groundwater Monitoring Program, there are 48 wells

used to monitor the water levels in the landfill area (U S Geological Survey [USGS],

1995). The water quality monitoring network is less extensive and includes only 4

unconfined flow system wells used to monitor the groundwater quality in the eastern

portion of Section 26. Currently no wells are used to monitor the groundwater quality in

the western portion of Section 25.

2.5 Remediation Wastes Associated with the CAMIJ

The On-post Operable Unit Detailed Analysis of Alternatives (DAA) Dispute Resolution

Agreement dated October 16, 1995, states "A CAMU incorporating the future hazardous

waste landfill, Basin F Waste Pile drying units(s), and the appropriate waste staging

and/or management area(s) will be designated." The DAA was prepared under various

authorities of the Comprehensive Environmental Response, Compensation, and Liability

Act (CERCLA). The CAMU boundary shown in Figure L2 includes the landfill, Basin F

Waste Pile drying unit, waste staging/consolidation areas, and decontamination facilities.

Remediation wastes that will be placed into the landfill include (1) Basin F Waste Pile

soils and (2) principal threat and human health exceedance soil or debris that will be

landfilled from various areas of RMA, as defined in the Final DAA (Foster Wheeler,

1995). Basin F Waste Pile soils and waste from Former Basin F, Sand Creek

Lateral and other compatible remedy related wastes identified in the RMA

Remediation Waste Management Plan and the Compliance Order on Consent and

amendments thereto will be placed in the triple-lined cells. Basin F Waste Pile soils

are listed hazardous wastes. Soil and debris from the balance of areas at RMA will be

placed in the double-lined cells may be hazardous. Remediation waste placed into the

CAMU does not constitute land disposal of hazardous waste for purposes of Resource

Conservation and Recovery Act (RCR_A) Land Disposal Restrictions (LDRs)

applicability

Leachate generated from the landfill will be managed appropriately either offsite or

onsite in accordance with applicable regulatory requirements at the time of generation.
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2.6 Description of Areas and Facilities Undergoing Closure

The following sections provide a physical description of the areas within the CAMU that will

undergo closure, including the landfill, Basin F Waste Pile drying unit, waste

staging/consolidation areas, and decontamination facilities. Although the Waste Pile and

portions of the Former Basin F are included in the CAMU, closure of the Waste Pile and

Former Basin F are addressed in a separate closure plan (BLA, 1995) and will not be

addressed in the CAMU Closure Plan.

2.6.1 Landfill

A new onpost landfill will be constructed within the CAMU boundary as shown in Figure L2.

The landfill will receive remediation waste from various areas at RNIA and Basin F solids

(currently stored in the Waste Pile). Approximately 1.8 million cubic yards of material win

be placed into the landfill. The landfill CAMU area is approximately 245 acres. One or more

cells (approximately 750,000 bank cubic yards [BCYI) will have an enhanced design with an

additional liner and leak detection system and will contain contaminated soil from the Basin F

Waste Pile, Former Basin F, Sand Creek Lateral and other compatible remedy related

wastes identified in the RMA Remediation Waste Management Plan and the

Compliance Order on Consent and amendments thereto.

2.6.2 Basin F Waste Pile Drying Unit

The Basin F Waste Pile drying unit will be constructed to dry waste pile solids that do not

pass the paint filter test before placing the waste pile solids into enhanced cell(s) of the

landfill. The drying system, as defined in the DAA, may consist of a direct or iDdirect-fired

heating system to increase the soil temperature to reduce the soil moisture content. The off-

gas from the drying unit will be collected and treated. A preliminary process flow diagram

for the drying unit is illustrated in Figure U. This process flow diagram and the unit

processes shown are conceptual and will be finalized during the design process.

There are approximately 600,000 BCY of Basin F Waste Pile solids that will be placed into

the landfill. It is currently estimated that up to 100,000 BCY (FosterWheeler, 1995) of the

waste pile solids will not pass the paint filter test and will require drying before being

landfilled. However, this
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estimate is preliminary and may be revised based on additional information that may be collected

before and during the design process The proposed location for the Basin F Waste Pile drying unit

is illustrated in Figure L2, and is included within the CAMU boundary The proposed location is

preliminary and may be revised during the design process

2.6.3 Waste Staging/Consolidation Areas

Waste staging/consolidattion. areas will be used for temporary staging, processing, size reduction,

and/or storage of remediation waste before it is transported to a treatinent. facility or to the landfill

Figu-Te L2 identifies preliminary staging areas that may be used during construction The proposed

locations are preliminary and maybe revised during the design process

2.6.4 Decontamination Facilities

Decontamination facilities will be used to decontaminate equipment or personnel that have been in

contact with remediation waste Figure L2 identifies preliminary decontamination facilities that may

be used during remedial action at the site The proposed locations are preliminary and may be

revised during the design process
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&0 CLOSURE PROCEDURES

Closure activities will be performed to meet the closure standards specified in 6 CCR 1007-3,

Section 264 552 The components of the contemplated closure procedures presented in this section

use as guidance many of the elements for closure specified in 6 CCR 1007-3, Part 265, Subpart G In

accordance with 6 CCR Section 264 552, the components of closure procedures described in this plan

are designed to (1) minimize the need for further maintenance and (2) control, minimize, or

eliminate, to the extent necessary to protect human health and the environment, for areas where

remediation wastes remain ua place, post-closure escape of remediation waste, hazardous constitu-

ents, leachate, contaminated runoff, or remediation waste decomposition products to the ground,

groundwater, surface waters, or the atmosphere

The detailed components of closure which will be developed during design will be designed to

provide long-term protection of human health and the environment Closure of the CAMU will

include the following

Containment of remediation waste u-1 the landfill

Requirements for capping the landfill, where remediation waste is placed into the CAMU and
will remain in place

Requirements for removal and decontamination of equipment, devices, and structures used in
remediation waste management activities within the CAMU Equipment, devices, and
structures within the CAMU that will require closure may include the thermal drying unit,
construction staging areas, and decontamination facilities

Specific procedures for closure of these facilities will be developed during design and will include

confirmation sampling and verification of decontamination

The following sections provide a general description of contemplated closure components, procedures

for handling remediation waste during closure, site security, safety and health plan, decontamination,

spill prevention and response, and a survey plat Guidance for post closure care for the landfill is

addressed in Section 5 0
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3.1 Closure Process

The closure process will consist of three phases of work construction, certification, and post-closure

care As shown in Figure L4, each phase is comprised of one or more tasks A brief summary of the

anticipated closure process and a description of each task are provided below

3.1.1 Construction Phase

This section describes the contemplated tasks associated with the construction phase including final

cover installation, removal and/or decontarnination of equipment, devices, and structures, and

restoration

Task 1 - Final Cover Installation

A final cover will be installed over each cell upon completion of waste placement in each cell The

final cover will be designed to

0 Provide long-term minimization of migration of liquid through the closed landfill cell

0 Function with minimum maintenance

0 Promote drainage and minimize erosion or abrasion of the cover

0 Accommodate settling and subsidence so that the cover's integrity is maintained

0 Have a permeability less than or equal to the permeability of any bottom liner system or
natural subsoil present

The proposed engineered cover will be a multi-layered system comprised of earthen and synthetic

materials The conceptual design incorporates erosion control, water balance, and biotic barriers as

primary factors Each component of the cover system performs a unique function and in some cases

one component may serve multiple functions

A conceptual cross section of the anticipated cover is illustrated in Figure L5 Each of the cover

components along with their intended functions is described in the CDD (Appendix B) The

components selected for the final cover may change during design with CDPHE approval
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The final cover will reduce the migration of remediation. wastes into the surrounding environment by

minimizing infiltration through the contaminated soil by isolating the contaminated media and

reducing the possibility of human and biota exposure by direct contact. The cover win be designed

to function with minimum maintenance The cover design will include self-sustaining vegetation

and a biotabamer layer that will inhibit cover damage from burrowiiiganunals Thecoverdesign

will include a sloped surface and a vegetation layer that promotes drunage and Tnimmi es erosion.

The final cover will have a permeability less than or equal to the permeability of any bottom liner

system or natural subsoil present The cover will also accommodate settling and subsidence so that

the cover's integiaty is maintained The details of the final cover will be developed during the design

phase and submitted for CDPBE approval

Task 2 - Removal and/or Decontamination of Equipment, Devices, and Structures

Decontaminaton procedures for equipment, containment system components, and structures that are

part of the CAMD will be developed during preparation of the final closure plan for the landfill

Contaminated soil resulting from equipment, devices, or structures decontamination will be placed in

theonsitelandfill Decontammatedequipment, devices, and structines win be disposed or reused

Specific procedures for decontamination and disposal or reuse of equipment, devices, and structures

that are part of the CAMU will be developed during design

Task 3 - Restoration

After the final cover has been installed over the landfill, the cover Will be revegetated The

vegetation types that will be used will be selected on the basis of low maintenance requirements,

ability to Tninum e erosion, depth of ioot structure, drought resistance, and factors related to wildlife

use The details of restoration will be developed during the design phase

Upon completion of the Construction Phase, any wells needed for ongoing monitoring that are

damaged or otherwise rendered unsiu table for groundwater monitoring will be replaced The

replacement wells will be constructed according the State of Colorado requirements for monitoring
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wellinstaHation The damaged wells will. be abandoned in accordance with state well closure

requirements

3.1.2 Certification Phase

Task 4 - Closure Certification

Certification that the CAMU has been closed in accordance with the procedures outlined in the final

Closure Plan will be submitted to CDPHE within 60 days of completion of final closure of the CAMU

The closure certifications will be submitted to CDPBE and will be signed by the Army and by an

independent Colorado registered professional engineer The professional engineer will not have

participated, or belong to a firm that has participated either as a contractor or subcontractor, in the

planning, construction, oversight, operation, or closure of any portion of the CAMU Documentation

supporting the certifications of the independent registered professional engineer will be maintained

on file by the Army

3.1.3 Post-Closure Phase

Task 5 - Post-Closure Maintenance and Monitoring

After the landfill is closed, the post-closure monitoring period will begin. Post-closu-re maintenance

and monitoring is required for the landfill because this is the only area within the CAMU where

remediation %%aste placed into the CAMUwffiremainin place after closure Procedures for the post-

closure monitoririg and maintenance for the landfill is described in Section 5 0 of this Closure Plan

3.2 Procodures for Handling Rernedlation Wastes Generated During Closure

The following sections describe the storage, transportation, and disposal of sohd and liquid

remediation wastes that are anticipated to be generated during closure of facihties

3.2.1 Disposal

Solid remediation waste generated during decontamination or other closuxe-related activities while

the onsite landhE is operational may be placed in the onsite landfill Solid remediation wastes

generated during decontamination or other closure-related activities after the landfill is no longer
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operational will be disposed at an appropriately permitted offsite disposal facility Waste that will be

disposed at an offs1te facility will be characterized, stored, and transported in accordance with all

applicable regulations Liquid remediation waste Will either be transported to an appropriately

permitted offsite disposal facility or treated at an onsite treatment iaclhty Liquid remediation waste

that will be disposed at an offsite facility will be characterized, stoied, and transported in accordance

with all applicable regulations

3.2.2 Transportation

Any waste being transported offsite for treatment or disposal will be characterized in accordance with

all applicable regulations The tramportation of hazardous remediation. wastes to offsite treatment or

disposal facihties will follow the U S Department of Transportation (DOTI regulations for hazardous

materials transport (49 Code of Federal Regulations JCFR] Parts 171 to 178) and the manifest

requirements of 6 CCR 1007-3, Part 262

3.3 Groundwater Monitoring Program

The proposed groundwater monitoring program for this background period of the CAMU Will be

described in the Groundwater Monitoring Program (Appendix K to the CDD) Groundwater

monitoring for the operational period and closure of the CAMIJ will be developed based on the

results of the background and operational monitoring program

3.4 Site Security

The following security measures, at a rninimurn, are planned to be in effect during closure

Twenty-four hour surveillance by facility personnel will control and monitor entry to the
CAMIJ and all areas associated with closure of the CAMU

A chain-link perimeter fence will prevent unknowing or unauthorized entry into the landfill
portion of the CAMIJ The fence will also be maintained to Minim e entry of wildlife into
the landfill area

Temporary fencing will be installed, as required to limit access to the Basin F Waste Pile
drying unit, decontamination facilities, and temporary staguag areas
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Signs at each entrance and at other locations on the perimeter fence, with the words
"Danger - Unauthorized Personnel Keep Out" in English and Spanish, will be posted during
closure activities

Access to the CAMU during decontamination and demolition will be controlled at all tunes
by facility personnel

3.5 Safety and Health Plan

A safety and health plan for work being performed during closure and post-closure activities will be

prepared before work commences The purpose of the safety and health plan is to assign

responsibilities, establish protection standards, specify safe operating procedures, and provide for

contingencies that may arise during proposed site activities The Safety and Health Plan will be

distributed to and followed by all personnel participating in field activities The Safety and Health

Plan will be evaluated throughout the course of the field activities to incorporate any changes

generated as a result of site activities The Safety and Health Plan will be submitted to CDPHE for

review and approval

3.6 Decontamination

Equipment and materials used in decommissioning and closure activities will be decontaminated or

disposed of as remediation waste in the landfill, or at an approved offsite disposal facility Detailed

procedures for equipment and personnel decontamination for closure-related activities will be

established during design Personal decontamination and support facilities will be provided and

located in accordance with the appropriate Safety and Health Plans Personal protective equipment

(PPE) will be decontaminated or managed as a remediation waste Washwater and sludge generated

from the decont-gm i nation will be collected and disposed of as descnbed in Section 3 2

3.7 Spill Prevention and Response

During transfer of remediation waste materials into or within the CAMU and to tucks or railcars for

onsite or offsite transportation, care will be taken to Tninum e spills Trucks used in the transfer

process will be loaded in an area designed to contain spills laquid spills will be immediately
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vacuumed. into tanks or trucks and/or contained with soil or a nonreacting sorbent Confirmation

sampling will be performed. for spills to verify spill cleanup

Soil or solid spills will be removed and disposed at an appropriately pernatted. offsite facility or in

theonsitelandfill Confirmation sampling, if necessary, will be performed to verify containment of

soil or solid spills

A Spill Prevention and Response Plan will be incorporated in the above-referenced. Safety and Health

Plans for CDPHE review and approval

3.8 Survey Plat

A survey plat indicating the locaton and. dimensions of landfill cells will be submitted to CDPHE

and the local zoning authority or the authority with 3unsdiction over local land use This survey plat

will be provided at the completion of closure activities
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4.0 CLOSURE SCHEDULE

4.1 Expected Year of Mosure and Total Time to Close

Closure of the CAMU includes the construction phase, certification phase, and post-closure care

phase Based on Foster Wheeler's current schedule for remediation, final closure of the CAMU is

anticipated to occur at the end of fiscal year 2008 The schedule for remediation is preh Tni nary and

sub)ect to change due to uncertainties associated with the funding and implementation of the

remedy

The certification phase will follow the closure construction phase A. record of the type, location,

and quantity of remediation wastes cbsposed in the landfill will be submitted to CDPBE

The post-closuxe care phase begins afLer closure of the landfill is complete and includes monitoring

and maintenance programs for the landfill Post-closure care will be conducted for 30 years

following closure of the landfill

A detailed sequence schedule for the closure activities of the CAMU will be developed during design.

However, the precise schedule of closure activities will be dependent on the overall remediation

schedule
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5.0 POST-CLOSURE CARE PLAN

The Army will perform post-closure care of the landfill for 30 years after certification of final closure,

sub) ect to the requirements of 6 CCR 100 7-3, Section 264 552 If appropriate, the Army may request

that the post-closure care period be reduced The requirements of 6 CCR 1007-3, Section 264 552

specify that post-closure care be conducted to protect human health and the environment for areas

where remediation wastes will remain in-place CDPBE may extend the post-closure care period if it

is found that the extended period is necessary to protect human health and the environment

(Section265117(a)(2)(n)) Post-closme activities include monitoring and maintenance activities to

protect the integrity of the closed landhll

5.1 Post-Closure Monitoring and Maintenance Plan

Throughout the post-closure care period, ongoing monitoring and maintenance programs will be

implemented The primary ob)ectivesof these program are to assess the overall integrity of the

closed landfill by performing regularly scheduled inspections, monitoring the groundwater conditions

beneath the landfill, and performing regularly scheduled and periodic maintenance as required

associated with the final cover, ran-on/runoff controls, leachate collection and leak detection systems,

groundwater monitoring wells, and surveyed benchmarks

5.1.1 Monitoring Plan

Inspections of the following items at the landfill will be performed throughout the post-closure

period in accordance with the schedule established in the fmal closure plan

0 Condition of the cover including cracks, uneven settlement, erosion features, presence of
trees or deep-rooted vegetation, holes or burrows caused by wildlife, lark of vegetation, or
any other condition that could hinder the effect:Lveness/integntyof the cover

0 Run-on/runoff controls

0 Condit-ion of benchmarks

0 Condition of the groundwatei monitoring wells
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The frequency of benchmark and groundwater monitoring well inspections Will be in accordance

with the schedule established in the final closure/post closure plan. It is not anticipated that there

will be significant activity in the vicinity of these structures that would result in damage

Unsatisfactory items discovered during inspections will be noted and reported to CDPBE, and

recommended corrective actions will be developed and implemented

The proposed groundwater monitoring program for the background period of the CAMU will be

described in the Groundwater Monitoring Program (Appendix K to the CDD) Groundwater

monitoring for operational post-closure care periods of the CAMU will be developed based on the

results of the background and operational monitoring period

S.I..2 Maintenance Plan

Post-closure maintenance activities will be performed for the final cover, run-on/runoff controls,

leachate collection and leak detection systems, groundwater monitoring wells, and surveyed bench-

marks A general description of routine maintenance activities that are anticipated during the post-

closure period is presented below Conditions that may warrant interim. maintenance will be

attended to as needed, based on the findings of routine inspections

5.1.2.1 Final Cover

Maintenance of the final cover will be performed and will, at a Tnininium, include repairing any

desiccation cracks, erosion, gullying, holes, or burrows caused by wildlife, areas of uneven settle-

ment, or other disruption that may effect the integrity of the cover A self-sustaining vegetative cover

will be maintained

6.1.2.2 Run-on/Runoff Controls

Run-on/runoff control devices and storm-water conveyance structures vnE be maintained in good

functional condition and prevent erosion or other damage of the final cover Maintenance of the

L-22 Harding Lawson Associates 21907 7050111

0214031296 CDD



Appendix L

run-on/ranoff controls will be performed in accordance with the schedule established in the final

closure plan The run-on/runoff control devices will be kept free of any obstructions, and any

damage will be repaired as necessary for continued adequate operation

5.1.2.3 Leachate Collection and Leak Detection Systems

The leachate collection and leak detection systems will be maintained in good functional condition

Pumpable leachate will be removed from the leachate collection and leak detection sumps on a

regular basis to Tninirni e the head on the bottom liner The amount of liquid removed from the

leachate collection and leak detection systems will be recorded at regular intervals during the post-

closure care period

Leachate collected from the landfill will be managed appropriately either onsite or offs1te in

accordance with applicable regulatory requirements at the time of generation The details regarding

leachate treatment vrM be addressed during design

5.1.2.4 Groundwater Monitoring Wells

Groundwater monitoring wells will be maintained for measurement of water levels, collection of

water samples, and analysis of the collected water samples for contaminant concentrations in

accordance u-ith the schedule established in the final monitoring plan. Well. heads will be properly

protected to pre% eat damage and equipped with locking caps to prevent tampering Necessary repairs

to maintain the Lntegnq of the wellswill be performed, and, if necessary, abandonment and/or

replacement of the wells .%-ffl be performed

5.1.2.5 Surveyed Benchmarks

Benchmarks utilized for surveying the landfill during closure and grading of the final cover will be

maintained in good condition throughout the post-rAosure period This will include making sure the

be-nr-'hTn.qr'k remain adequately located and easily accessible The benchmarks will be inspected and

resurveyed periodically to check that consistent elevation and location control are maintained in

accordance with the schedule established in the final closure plan
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6.2 Certification of Post-ClosUre Care

After post-closure care of the landfill has been completed, post-closure monitoring results will be

reviewed by the Army and an independent Professional Engineer, registered by the State of Colorado

The professional engineer will not have participated, or belong to a firm that has participated either

as a contractor or subcontractor, in the planning, constEuction, oversight, operation, or closure of any

portion of the CAMU Within 60 days of completion of the post-closure care period, a certification

report will be submitted by registered mail to CDPBE with certifications signed by the Army and the

independent registered Professional Engineer that the post-closure care activities were conducted in

accordance with the approved Post-Closure Plan.

5.3 Notation in the Deed

The post-closure certification report will include a copy of a survey plat pertaining to deed recorda-

tion in accordance with 6 CCR 1007-3, Section 264 552 that requires a notation to the deed to the

facility property that will in perpetiuty notify any potential purchaser of the property that the land It

has been used to manage remediation wastes, unless an alternative deed notation is approved by

CDPBE the final closure plan will specify a deed notaton for CDPBE review and approval A

certification signed by the Army that the deed recordation described above has been performed will

be submitted with the post-closure care certification report
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6.0 ACRONYMS

Army U S Department of the Army

BCY Bank cubic yard

CAMU Corrective Action Management Unit

CCR Code of Colorado Regulations

CDD CAMU Designation Document

CDPHE Colorado Department of Public Health and Environment

CFR Code of Federal Regulations

DAA Detailed Analysis of Alternatives

DOT U S Department of Transportation

Ebasco Ebasco Services, Inc

ESE Environmental Science and Engineering, Inc

FFA Federal Facilities Agreement

HLA Harding Lawson Associates

LDRs Land disposal restrictions

MKE Morrison-Knudsen Engineers, Inc

msl Mean sea level

PPE Personal protective equipment

RCRA Resource Conservation and Recovery Act

RMA Rocky Mountain Arsenal

State State of Colorado

USGS U S Geological Survey
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Appendix M

POST-CLOSURE PLAN



AppendixM

The Post-Closure Plan has been combined with the Closure Plan and included in Appendix L
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Appendix H

The outline below has been prepared to describe the general content of the appendix During or after

design, the outline should be reviewed for applicability and revised as necessary

10 Introduction

1 1 Purpose and Scope

1 2 Organi ation

20 Action Leakage Rate

21 Background

2 11 Liner Systems

212 Leachate Collection Systems

21 3 Leak Detection Systems

214 Potential Sources of Liquids in Leak Detection Systems

22 Action Leakage Rate Calculation

23 Operational Leakage Rate Calculation

24 Acton Leakage Rate'Exceedance

30 Response Acton Plan

3 1 Initial Notification

32 Source Assessment

3 3 Response Actions

34 Status Notifications

40 Acronyms

50 References
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Appendix 0

HEALTH AND SAFETY PLAN OUTLINE



Appendix 0

The outline below has been prepared to describe the general content of the appendix During or after

design, the outline should be reviewed for applicability and revised as necessary

10 Introducton

I I Purpose and Scope

12 Implementation and Modificaton of the Site Safety and Health Plan

1 3 Organi ation

20 Site and Facility Informaton

21 General Site Description

21 1 Site Status

21 2 Site History

21 3 Climate

214 Locatons of Resources Available to Onsite Personnel

22 Chemicals Detected in Wastes Received at the Facility

23 Site Zones

2 3 1 Support Zones

2 3 2 ContnTnination Reduction Zones

2 3 3 Exclusion Zones

24 Site Control

3 0 Pro)ect Organization and Personnel Requirements

3 1 O-Sanization and Safely Responsibilities

3 2 Personnel Requirements

40 Health and Safety Programs

41 Required Personnel Training

411 Regular Site Personnel Exposed to Hazardous Substances

412 Regular Site Personnel Partially Exposed to Hazardous Substance Below
Permissible Exposure Limits

413 Occasional Site Personnel Potentially Exposed to Hazardous Substances Below
Permissible Exposure Limits
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Appendix 0

4 1 4 Management and Supervisory Training

415 Refresher Training

416 Documentation

417 Exempt Personnel

418 Tailgate Safety Meetings

419 Safety Inspections and Audits

42 Medical Monitoring

43 Respiratory Protection Policy

44 Hazard Communication

441 Container Labeling

442 Material Safety Data Sheets

50 Project Hazard Identification and Migraton

51 General Health and Safety Work Practices

52 Project Hazard Analyses

53 Hazard Mitigaton

54 Required Personal Protective Equipment and Related Safety Equipment

541 Levels of Personal Protective Equipment

5 4 2 Unknown Situations

5 4 3 Anticipated Personal Protective Equipment Levels by Site Activity

5 5 Aix Monitoring for Project Operations

551 Gases and Vapors

5 5 2 Explosion Haza d

5 5 3 Oxygen Deficiency in Confined Spaces

554 Miscellaneous Equipment

56 Hazardous Pathways and Engineering Controls
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Appendix 0

60 Decontamination and Disposal Procedures

6 1 Equipment Decontamination

62 Personnel Decoiatami iation

63 Operations-Derived Material Disposal

6 3 1 Wastewater

6 3 2 Personal Protective Equipment

6 3 3 Solid Waste

70 Emergency Procedures

71 Emergency Information

7 11 Telephone Numbers

7 1 2 How to Report an Emergency

7 13 EmergencyRoutes

7 1 4 Emergency Signals

72 Contingency Plan

80 Acronyms

90 References

Attachment I Hazardous Property Information

Attachment 2 Personnel Acknowledgements

Attachment 3 Accident Investigation

Attachment 4 Equipment Calibration and Maintenance

Attachment 5 First-Aid and Emergency Care

Attachment 6 Agent Testing

Attachment 7 Personnel Information
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Appendix P

INTRODUCTION

This appendix has been prepared as an appendix to the Corrective Action Management Unit (CAMU)

Designation Document (CDD) in support of the designation of a CAMU as part of the remedy for the

cleanup of the U S Army's Rocky Mountain Arsenal (RMA) located m Adams County, Colorado This

Appendix has been prepared by Harding Lawson Associates (BLA) as a contract deliverable under

Delivery Order 0007 (Task 93-03 Feasibility Study Soils Support Program) of Contract DAAA05-92-DO003

between BLA and the U S Department of the Army (Army) This appendix has been prepared at the

direction of the Army for the sole use of the Army, the signatories of the Federal Facilities Agreement

(FFA) of RMA, the State of Colorado (State), Adams County, and Tri-County Health Department, the only

intended beneficiaries of this work. These Specifications are not intended to be used for construction of

the RMA landfill, their sole purpose is to assist in the CAMU designation

Appendix P presents conceptual Specifications to assist in the overa-a demonstration of compliance with

the requirements of 6 Code of Colorado Regulations (CCR) 1007-2, Part 2, Section 2 4 9, and additional

guidance provided in 6 CCR 1007-3, Part 264 These Specifications are intended to demonstrate that the

materials and methods are available for potential use in construction of the RMA landfill liner system,

cover system, leachate collection system, leak detection system, and groundwater monitoring system that

can meet regulatory requirements and satisfy the design criteria presented in Appendix B General

product standards and execution procedures including material properties, testing requirements, and

quality assurance/quahty control procedures have been included for the primary components of the

systems listed above

References to personnel (e g , Contraci or, Owner's Representative) in these Specifications are general

terms and are not intended to define personnel requirements during construction. Contractor refers to

any company, organization, and personnel retained to assemble, fabricate, and erect the systems,

facilities, and related appurtenances of the RMA landfill Owner's Representatve refers to any company,

21907 708010 Harding Lawson Associates P-1
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Appendix P

organization, and personnel responsible for performing construction oversight and engineering during

construction-related Work.

These Specifications typify the level of detail to be included in the final construction Specification

package They will be appended and modified during design based on engineering evaluations,

collection of additional site data, and other technical considerations as the design process proceeds In

addition, portions of these Specifications may not be applicable to the final design and will be appropri-

ately modified during the design process The Specifications have been prepared in Constructions

Specifications Insttute (CSI) format The design Specifications may be prepared in a different format
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SIEC71ON 02200 EARTHWORK

PART 1 GENERAL

101 SUMMARY

A Section Includes

1 The Contractor shall furnish all labor, materials, tools, equipment, supervision,
transportation, and oi-her services necessary to perform general site grading, excava-
tion, constniction of roads, berms and other earthen structures, placement of the
earthen components of the cover and liner systems (with the exception of compacted
clay components addressed in Section 02721), disposal of unsuitable earthen materi-
als, and all subsidiary Work required to complete such earth Work. The Work shall
be carried out in accordance with these Specifications, the Construction Quality
Assurance (CQA) Plan, the Drawings and other Contract Documents

102 REFERENCES

A American Society for Testing and Materials (ASTM) D422 - Method for Particle Size
Analysis of Soils

B ASTM D698 - Test Methods for Moisture-Density Relations of Soil and Soil Aggregates
Mixtures using a 5 5 lb RaTnTner and 12 in. Drop

C ASTM D1556 - Test Method for Density of Soil in Place by the Sand-Cone Method

D ASTM D2167 -Test Method for Density and Unit Weight of Soils in Place by Rubber
Balloon Method

E ASTM D2216 or D4643 - Method for Laboratory Determination of Water (Moisture)
Content of Soil, Rock, and Soji-Aggregate Niixtures

F ASTM D2487 - Test Method for Classification of Soil for Engineering Purposes

G ASTM D2922 - Test Method for Density of Soil and Soil Aggregate In Place by Nuclear
Methods

H ASTM D3017 - Test Method for Moisture Content of Soil and Soil Aggregate In Place by
Nuclear Methods

I ASTM D4318 -Test Method for Liquid Limit, Plastic Limit, and Plasticity Index for Soil

j ASTM C131 - Test Method for Resistance to Degradation of Small Size Coarse Aggregate
by Abrasion and Impact in the Los Angeles Machine

K ASTM C136 - Test Method of Sieve Analysis of Fine andl Coarse Aggregate

L ASTM C88 - Test Method for Soundness of Aggregate

M FB85 703 06 U S Department of Transportation Federal Highways Admini ation -
Aggregate for subbase, base or surface courses, cold asphaltic concrete pavement and road
mixed asphaltic concrete pavement

'21907 708010
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103 QUALITYASSURANCE

A Field Measurements

I Verify that survey benchmark and intended elevations for the Work are as indicated
on Drawings

B Regulatory Requirements

I Perform all excavation Work in accordance with Occupational Safety and Health
Administration (OSHA) requirements, "Excavating and Trenching Operations"

2 Comply with applicable county and state codes and ordinances

104 SUBMITTALS

A Subnut laboratory test data and Manufacturer's product data and certification

B Samples Submit samples of each type of fill to a testing laboratory in airtight containers
in accordance with the requirements of the design.

105 PROJECT/SITE CONDITIONS

A Environmental Requirements

I Noise

a Noise levels are to be maintained as required by applicable local and state laws
and ordinances

2 Pollution

a Equapment eimssions and dust levels are to be mamtamed as required by
applicable local and state laws and ordinances

B Existing Conditions

1 Information shown on Drawings regarding existing site conditions is believed to be
correct, but is not guaranteed Contractor shall visit the site for necessary infor-
mation and data regarding present ground levels, groundwater level, conditions of
property, location, size of obstructions, and access

2 Existing utilities may be encountered that are not shown on Drawings or evident from
site inspection- Owner's Representative shall be notified immediately if such utilities
are discovered

3 Provide and maintain all barricades, shoring, and bracings as required by federal and
state codes

4 Construct and maintain temporary drainage routes during construction so that rainfall
or snowmelt will drain from site and not accumulate or pond

5 Contractor shall assume all responsibility for damage to utihties, survey monuments,
streets, monitoring wells, and structures that may be caused by this Work.

'21907 708010
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6 Contractor shall not mterfere with other facility operations or operating roadways
without prior conseni from the Owner's Representative

C Excavation Safety

1 Provide appropriate measures to retain excavation sideslopes and prevent slope
failures or rock falls to ensure that persons working Ln or near the excavation are
protected

2 Contractor shall become farn 111 ar with and comply -with all applicable codes,
ordinances, and statutes and bear sole responsibility for the penalties imposed for
noncompliance

1 06 DEFINITIONS

A Percent compaction The in-place dry density of the material expressed as a percentage
of the maximum dry density of the same material as detarmined by the ASTM D698 test
method

B Optimum moisture content The moisture content (expressed as a percentage of the dry
weight of the material) corresponding to the maximum dry density of the same material
as determined by the ASTM D698 test method

C Structural fill areas Where used in these Specifications, structural fill areas shall mean
(1) within building or access road areas and for a distance of at least 5 ft beyond the
outside edges of perimeter footings, (2) within exterior concrete slab areas and for a
distance of 3 ft beyond slab edges, and (3) to establish berms, dikes, and other miscella-
neous earthen structures as shown on the Drawings

D Soil subgrade Where used in these Specifications soil subgrade shall mean (1) within
concrete slab-on-grade floor areas, the surface on which slab rock is placed, (2) within
exterior concrete slab areas, the surface on which concrete is placed, (3) within asphalt
paved and access road areas, the surface on which aggregate base is placed, and
(4) within the extent of subgrade construction, as shown on the Drawings, including the
surface on which the landfill cell liners or covers are placed

E Completed Course

1 A course or layer that is ready for the next layer or next phase of Work-

F Imported Material

1- Material obtained by the Contractor from sources offsite

107 DELRrERY, STORAGE, AND HANDUNG

A Acceptance at Site

I Imported Materials

a No imported materials shall be delivered to the site until the proposed source
and materials tests have been accepted by Owner's Representative

'21907 708010
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b Final acceptance shall be based on tests made on samples of materials taken
from the completed and compacted course

B Storage and Protection

I During the interval between the delivery of material and installation, material shall be
stored in a manner affording protection and favorable conditions to prevent material
loss or deterioration-

PART 2 PRODUCTS

2 01 MATERIALS

A Structural fill Structural fill material shall be free of perishable material and rocks or
lumps larger than 4 in in greatest dimension All fill material shall be approved by the
Owner's Representative

B Fine-grained soil fill Fine-grained soil shall be acceptable soil excavated from the pro] ect
site and stockpiled, excavated from an approved borrow area, or provided from an accept-
ed offsite source The fine-grained soil shall meet the following requirements

1 Be free of plants, roots, rubble, litter, insect infestation, and other deleterious matter

2 Be in accordance with the gradation set forth in the design, as deternimed by ASTM
D422

C Topsoil/Gravel Admix If required by the design, the Contractor shall provide a topsow
gravel admaxture proportioned to meet the requirements set forth during design

The topsoil portion of the topsoil/gravel admixture shall meet the following requirements

1 Be capable of sustaining healthy plant life and shall be free of noxious weeds, sticks,
brush, litter, insect infestation, and other deleterious matter

2 Have a pH and soluble salt level capable of supporting vegetation

3 Meet the nutrient requirements determined during design either by natural occur-
rence or by means of additives as determined by American Society of Agronomy, Inc
(ASA) Methods of Soil Analysis

4 Follow the gradation set forth in design, as determined by ASTM D422

The gravel portion of the topsoil/gravel admixture shall meet the following requirements

I Be washed rock.

2 Consist of angular fragments with a percentage of wear set forth during design, as
determined by ASTM C131

D Gravel Armoring If required by the design, the Contractor shall provide gravel armoring
for the engineered cover in those areas designated on the design Drawings The gravel
shall be washed screened rock with the gradation set forth during design. The rock shall
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be angular crushed rock with a percent fracture determined during design, as determined
by FP-85 703 06

E Biotic Barrier Rock The Contractor shall supply material for the biotic barrier of the
engineered cover The rock shall meet gradation and material requirements set forth in
the design

F Sand Dramage/Vent Material If required in the design, the Contractor shall provide sand
fill or other suitable mecba for drainage/vent layers of the cover and liner systems The
material shall meet the following criteria

I Be in accordance with the gradation provided during design, as determined by
ASTM C136

G Pipe Bedding Material The Contractor shall furnish pipe bedding material for backfill
around pipes in pipe trenches The bedding material shall meet the following criteria

I The bedding material shall be in accordance with the gradation provided during
design, as determined by ASTM C1 36

H Gravel Road Base The Contractor shall provide gravel road base material for those areas
designated on the design Drawings The gravel road base shall meet the following
requirements

1 The gravel road base shall be in accordance with the gradation provided during
design, as determined by ASTM C136

I Imported Materials Imported material required for earthwork shall be tested by the
Contractor and approved by the Owner's Representative before use The Contractor shall
provide at least two weeks notice before using the imported material to enable the
Owner's Representative to sample and test the material, if necessary

PART 3 EXECUIION

3 01 LTIU=S

A Utilities The Contractor shall be responsible for location and protection of all new and
existing utility lines during execution of Work onsite in accordance with 105 B 2 of this
Sect-ion Damage to any utility resulting from the Contractor's activities onsite shall be
repaired or replaced by the Contractor as required by the utility Owner

3 02 DISPOSAL OF EXCAVATED MATERIAL

A- Disposal of excavated material Excavated matenal generated during the execution of
Work specified herein, that is not used as backfill, shall be stored and disposed as
directed by the Owner's Representative

3 03 OVEREXCAVATION

Excavation shall be held to those limits shown on the design Drawings unless otherwise
directed by the Owner's Representative Where un uita le sub-base is encountered, the
Contractor shall notify the Owner's RepresentativeanTnediately Overexcavation that is
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executed without prior approval of the Owner's Representative shall be at the expense of the
Contractor

3 04 EXCAVATION

A Preparation

I Identify required lines, levels, contours, and datum

2 Identify known underground, aboveground, and aerial utilities Stake and flag
locations

3 Protect or replace at no cost to Owner above and below grade utilities that are to
remain

4 Protect benchmarks, fences, paving, and curbs from excavation equipment and
vehicular traffic

5 Removal of water during construction operations

a Provide and operate equipment adequate to keep all excavations and trenches
free of water

b Avoid settlement or damage to ad)acent property

c Disposition of water within Owner's property to be designated by Owner's
Representative

d Dewatering open excavations shaU be from outside the structural limits and from
a point below the bottom of the excavation when possible

e Design dewatermg systems to prevent removal of fines from existing soil

B Erection, Installation, and Application

I General

a Perform all excavation of every description, regardless of the type, nature, or
condition of material encountered as specified, shown on Drawings, or required
to accomplish the construction.

b Method of excavation is optional, however, no equipment shall be operated
within 5 ft. of existing structures or newly completed construction.

c Excavation that cannot be accomplished without endangering present or new
structures shall be done with hand tools

2 Limits of Excavation

a Excavate to the depths and widths as shown on Drawings

b Allow for forms and workLng space, as required by OSHA regulatory
requirements
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c Excavation carried below the grade lines shown on Drawings shall be replaced
with the same fill material as specified for the overlying fill or backfill and
compacted in accordance with this Section

d For overexcavation where the overlying area is not to receive fL11, replace the
overexcavated m atenal and compact to a density not less than that of the under-
lying ground

e Cuts below grade shall be corrected by similarly cutting adjoinin areasand
creating a smooth transition

f Underpin adjacent structures that may be damaged by excavation Work
including utilities and pipe chases

g Excavate subsoil required to accornTnodatebuilchng foundations, slabs-on-grade,
paving and site structures, and construction operations

h Machine slope banks to angle of repose or less, until shored

I Excavation cut not to interfere with normal 45 degree bearing splay of
foundation

3 Grade top perimeter of excavation to prevent surface water from draining into
excavation

k. Hand trim excavation and remove loose matter

I Notify Owner's Representative of unexpected subsurface conditions and discon-
tinue affected Work in area until notified to resume Work

in Stockpile excavated material in area designated onsite and remove excess
material not being reused from site or place in area onsite as directed by Owner's
Representative

3 o5 INSTALLATION AND APPLICATION OF FILL MATERIALS

A Backfilling

1 Backfill areas with unfrozen materials to contours and elevations shown on Drawings

2 Systematically backfill to allow maximum time for natural settlement Do not backfffl
over porous, wet, frozen, or spongy subgrade surfaces, unless approved by Owner's
Representative

3 Place and compact fill materials in continuous layers not exceeding 8-m- compacted
depth

4 Employ a placement that does not disturb or damage foundation perimeter drainage
and yard piping in trenches

5 Backfill again t supported foundation walls Do not backfill against unsupported
foundation walls
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6 Backfill simultaneously on each side of un upported foundation walls until supports
are in place

7 Remove surplus fill materials from site or place in areas designated by the Owner's
Representative

8 Backfill around concrete structures only after the concrete has attained the specified
compressive strength indicated in Division 3, Concrete, and concrete Work is
accepted by Owner's Representative

9 Do not operate earth-moving equipment within 5 ft. of walls of concrete structures for
the purpose of depositingor compactingbackfillmaterial Compact backfill ad)acent
to concrete walls with hand-operated tampers or similar equipment that win not
damage the structure

B Fill

I Place fill to the lines and grade as shown on Drawings

2 Make allowance for granular base material or topsoil when required

3 Remove all form materials and trash from the sub-base before placing any fill maten-
als

C Compaction

1 Compact all materials by mechanical means Flooding or)ettmg shall not be
permitted

2 If in-place density tests indicate that compaction or moisture content is not as
specified, material placement shall be terminated and corrective act-ion shall be taken
by the Contractor before continued placement

D Moisture Control

1 Moisture condition material before placement.

2 Maintain moisture content required for compaction purposes in each lift of fill

3 Maintain moisture content uniform throughout the lift

4 At the time of compaction, the moisture content of the material shall be as specified
during design.

5 Supplement, if required, by sprinkling the fill

6 Do not attempt to compact fill material that contain excessive moisture Aerate
material by blading, discing, harrowing, or other methods to hasten the drying
process

E Field Density and Moisture Tests

I Owner's Representative will determine in-place density and moisture content by any
one or combination of the following methods
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a ASTM D1556

b ASTM D2167

c ASTM D2216

d ASTM D2922

e ASTM D3017

f ASTM D4643

2 Frequency and location of testing shall be determined solely by Owner's Representa-
tive

3 CQA firm will test any lift of fill at anytime, location, or elevation

F Disposal of Excess Excavation

1 Dispose all excess excavation not required or suitable for bac1dall or filling within
Owner's property at an area to be designated by the Owner's Representative

G Tolerances

-1 Acceptable dimensional tolerances shall be followed as set forth during design

306 QUALITY CONTROL

A The Contractor shall be responsible for documenting all test results and the number of
compaction passes completed per hfL

B Placed materials not in accordance with the requirements of this Specification shall be
repaired and/or replaced by the Contractor The Contractor shall submit a description of
repair and/or replacement methods to the Owner's Representative for written approval
before implementation

C Acceptance criteria for repaired and/or replaced materials shall be in accordance with the
requirements of 11us Specification

D Areas that do not conform with the Specifications will fii st be investigated by the
Contrano- for the extent of nonconformance Areas that are of a different material type
or that ha% e failed the Specifications, after efforts to recompact the soil shall undergo
additional testing regardless of the testing frequency guidelines TheOwnefsRepresenta-
tive will determine when additional testing is required Results of additional testing shall
be submitted to the Owner's Representative for review and final acceptance

E Final acceptance shall be explicitly detailed by survey location, layer description,
material type, and lift number

- END OF SECTION -
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SECTION 02712 GEOSYNTHETIC CLAY LINERS

PART1 GENERAL

101 SCOPE OF WORK

A If required by the design, the Contractor shall furnish all labor, materials, tools, equip-
ment, supervision, transportation, and installation services necessary for the installation
of the geosynthetic clay liner (GCL) components of the landfill cells The Work shall be
carried out in accordance with these Specifications, the CQA Plan, the Drawings, and
other Contract Documents

1 02 QUALIFIC.ATIONS AND SUBMITTALS

A The Contractor shall abide by all qualification and submittal requirements of the CQA
Plan and the Specifications

1 03 CONSTRUCTION QUALITY ASSURANCE

A, All Work will be monitored and tested in accordance with requirements of the CQA Plan.

B Any GCL rolls that do not meet the requirements of these Specifications Win be re)ected
The Contractor shall replace the re3ected material with now material that conforms to the
Specification requirements at no additional cost to the Owner

C If testing indicates Work does not meet the requirements of the Specifications, the
Owner's Representative will establish the extent of the nonconforming area The
nonconforming area shall be repaired by the Contractor at no cost to the Owner until
acceptable test results are obtained

PART 2 PRODUCTS

2 01 GCL PROPERTIES

A The Contractor shall require that the GCL Manufacturer furnish material with
average roll values, as defined by the Federal Highway Ad rn i n i stration (FHWA), meeting
or exceeding the criteria that will be developed during design. The Contractor shall
require that the GCL Manufacturer provide results for tests performed using the test
procedures identified during design, as well as a certification that the material properties
for the material delivered to the site will meet or exceed the specified values

B In addition, the GCL shall

1. Retain its structure during handhng, placement, and long-term service

2 Meet any additional requirements of the Drawings
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2 02 MANUFACTURING QUALrIY CONTROL

A The Contractor shall require that the GCL Manufacturer sample and test the GCL to
demonstrate that the maienal conforms to the requirements of these Specifications Ali
Quality Control testing required by the Specifications and/or conducted at the discretion
of the Contractor shall be the responsibility of the Cont actor Test results shall be
provided to the Owner's Representative Sampling shall, in general, be performed on
sacrificial portions of the GCL material such that repair is not required The Contractor
shall require that the GCL Manufacturer sample and pefform the manufacturing quality
control tests as specified

B Any GCL sample that does not comply with these Specifications shall result in ie)ection
of the roll from which the sample was obtained The Contractor shall replace any
re)ected rolls at no additional cost to the Owner

C If a GCL sample fails to meet the quality control requirements of these Specifications, the
Contractor shall require that the GCL Manufacturer sample and test each roll manufac-
tured, in the same lot, or at the same time, as the fafling roll Sampling and testing of
rolls shall continue until a pattern of acceptable test results is established as specified
within the CQA Plan

D Additional sample testing may be performed, at the GCL Manufacturer's discretion and
expense, to more closely identify any noncomplying rolls and/or to qualify individual
rolls

2 03 LABELING

A GCL rolls shall. be labeled with the following information

I Name of Manufacturer

2 Product identification

3 Lot number

4 Roll numbei

5 Roll dimensions

2 04 TRANSPORTATION

A- Transportation of GCL shall be the responsiblht-y of the Contractor The Contractor shall
be liable for damage to the GCL incurred prior to and during transportation to the site
The Contractor shall repair or replace damaged roUs at no additional cost to the Owner

2 05 HANDLING AND STORAGE

A. GCL shall be protected from moisture during shipping and storage

B Handling, storage, and care of the GCL prior to and following incorporation mto, the Work
is the responsibihty of the Contractor The Contractor shall be hable for damage to the
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material incurred prior to fmal acceptance by the Owner The Contractor shall repair
damage in accordance with Part 3.03 of this Section and at no additional cost to the
Owner

C The Contractor shall be responsible for storage of the GCL at the site The GCL shall be
stored off the ground and shall be protected from excessive heat or cold, moisture, dirt,
dust, or any other damaging or deleter-ious condition. The GCL shall be stored in
accordance with any additional requirements of the GCL Manufacturer

PART 3 EXECUIION

3.01 HANDLING AND PLACEMENT

A. If required by the design, GCL shall be installed at all locations shown on the Drawings

B The Contractor shall handle the GCL in such a manner as to ensure the GCL is not
damaged in any way

C The area over wluch the GCL will he should be smooth and free of standmg water and
protruding rocks, roots, vegetation, debris, and large voids

D Just prior to GCL placement, any geosynthetics that may underlie the GCL shall be clean
and free of dust, dirt, stones, rocks, or other obstructions that could potentially damage
the GCL These geosynthetics; shall be swept or blown clean prior to GCL placement

& The Contractor shall take all necessary precautions to prevent damage to underlymg
materials during placement of the GCL

F In the presence of excessive wmd, the GCL shall be weighted by the Contractor with
sandbags or equivalent weight approved by the Owner's Representative

G If necessary, the Contractor shall position the GCL by hand and after it is unrolled to
minimi ewrinkles

H Only as much GCL shall be deployed as can be covered at the end of the day, or that can
be covered in a reasonably short time in the event of precipitation

1 When GCL is being installed under a geomembranehner, the leading edge of the GCL
should be folded back under the membrane at the end of the construction day The
leading edge of the membrane should be secured by sandbags or suitable ballast to
prevent uplift and the infiltration of runoff water

I GCL panels shall be deployed in the direction of greatest slope (i e , longest dimension is
parallel to slope direction)

J GCL panel deployment shall generally proceed from the highest elevation to the lowest
elevation.
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3 02 OVERLAPS AND SEAMS

A. Ad)acent GCL panels are to be overlapped according to the match line on the bottom
panel Overlaps shall be and in accordance with Manufacturer's instructions and require-
ments of the design

B Transverse overlaps at the ends of each roll shall be as required in the design.

C Overlaps shall be shingled in a downslope direction so that water would flow from the
top sheet to the bottom sheet

D Care shall be taken to ensure that no native soil or debris is present between overlaps

E Granular bentomte shall be placed between seam overlaps in accordance with the
Manufacturer's recommendations

F The )oints on ad)acent GCL panels shall be staggered a-, required in the design

G No horizontal seams shall be allowed on slopes steeper than 4 1 (horizontal vertical),
unless approved by the Owner's Representative.

3 03 REPAIR

A Any holes or tears in the GCL shall be repaired by placing a patch over the hole or tear
extending beyond the edges of the hole or tear The patch shall be secured to the original
GCL by applying granular bentonite between the overlap If the hole or tear width across
the roll is more than 50 percent of the width of the roll, the damaged area shall be cut
out and the two portions of the GCL shall be joined in accordance with Part 3 02 of this
Section

B On slopes steeper than 4 1, repairs shall be performed by removing and replacing the
damaged panel

C Any GCL exposed to standing water or to any hydrocarbon fuels, chemicals, pesticides,
leachates, or other such liquids during installation, shall be removed and replaced

3 04 PROTECTION OF WORK

A The Contractor shall use all means necessary to protect all materials and partially
completed and completed Work of these Specifications

B The Owner's Representative will identify any areas requiring repair The Contractor shall
make repairs and replacements as necessary, to the approval of the CQA firm at no
additional cost to the Owner

C The Owner's Representative will issue an approval of the GCL installation to the Owner
prior to placement of material over the GCL in accordance with the CQA Plan

- END OF SECTION -
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SECnON02713 GEOMMVMRANELRqERS

PART1 GENERAL

101 SCOPE OF WORK

A The Contractor shall furnish all labor, materials, tools, equipment, supervision, transpor-
tation, and installation services necessary for the installation of the geomembrane Imers
components of the landfill cells The Work shall be carried out in accordance with these
Specifications, the CQA Plan, the Drawings, and other Contract Documents

1 02 SUB=ALS

A In accordance with the CQA Plan and the Specifications

B Materials Submit laboratory test data and Manufacturer's product data and certification
in accordance with the CQA Plan and the Products Subsection of this Section

C Layout Drawings Contractor shall submit Layout Drawings for the geomembrane liners to
the Owner's Representative describing in detail where and how the liners will be
installed Work covered in this Section shall not commence until Layout Drawings are
reviewed and approved by the Owner's Representative

D The Contractor shall furnish the following submittals for the geomembrane liner

1 Raw Materials

a Certification that all raw materials used in the manufacture of geomembrane for
this job meet the Specifications

b Copy of quality control certificates issued by the geomembrane supplier

2 Geomembrane Roll Production

a Copy of quality control certificates

1 03 QUAL= ASSURANCE

A. The Manufacturer of the geomembraneshall be listed by National Sanitation Foundation
as having met Standard 54 for Flemble Membrane Liners and shall have at least five
(5) years of conbnuous experience in the manufacture of geomembranes

PART 2 PRODUCTS

2 01 GEOMMORANE PROPERTIES

A The geomembrane Manufacturer shall be a Manufacturer making geomembrane meeting
the requirements of this Section. The Owner's Representative (based on concurrence
with regulatory authorities) may approve an alternate material if sufficient evidence is
submitted to verify that the alternate material meets the requirements of this Specifica-
tion.
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B Smooth or textured geomembrane shall be used based on the requirements of the
Drawings

C The Contractor shall furnish geomembranes having properties that comply with the
required property values specified during design and that meet the manufacturing quality
control requirements in Section 2 02 below

2 02 MANUFAMITRING QUALITY CONTROL

A Geomembrane Materials

I The Contractor shall require that the geomembrane Manufacturer sample and test the
geomembrane to demonstrate that the resin compbes with this Specification. The
Contractoi shall require that the geomembrane Ma-aufacturer certify in writing that
the material meets this Specafication, and the geomembrane Manufacturer be held
liable for any noncompliance Any geomembrane manufactured from noncomplying
materials shall be rejected

2 The Contractor shall require that the geomembrane Manufacturer comply with the
submittal requirements of these Specifications

B Rolls

I The Contractor shall require that the geomembrane Manufacturer continuously
monitor the geomeinbranes during the manufacturing process for inclusions, bubbles,
or other defects No geomembrane that exhibits any defects will be accepted

2 The Contractor shall require that the geomembrane Manufacturer continuously
monitor the geomembrane thickness during the manufacturing process No geomem-
brane that fails to meet the specified TniniTnurn thickness will be accepted

3 The Contractor shall require that the geomembrane Manufacturer sample and test the
geomembrane to demonstrate that its properties conform to the values specified

a Samples shall be taken across the entire width of the roll and shall. not include
the first wrapping or outer layer of the roll

4 Geomembrane rolls that do not have acceptable manufacturing quality control test
results shall be rejected by the Contractor

5 In the case of the rejection of a roll of geomembran e, the Contractor shall require that
the geomembrane Manufacturer sample and test each roll manufactured in the same
lot, or at the same time, as the fading roll Sampling and testing of rolls shall
continue until a pattern of acceptable test xesults is established

6 Additional testing may be performed at the geomembrane Manufacturer's discretion
and expense, to more closely identify the noncomplying rolls and/or to qualify
individual rolls

2 03 LABELING

A- The geomembrane shall be labeled with the following mformation

1 Thickness of the material
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2 Length and width of the roll or factory panel

3 Name of Manufacturer

4 Product identification

5 Lot number

6 Roll or factory panel number

2 04 TRANSPORTATION

A Transportation of the geomembrane is the responsibility of the Contractor The Contrac-
tor shall be liable for all damage to the materials incurred prior to and during transporta-
tion to the site The Contractor shall repair or replace any damaged rolls at no additional
cost to the Owner

2 05 HANDLING AND STORAGE

A Handling, storage, and care of the geomembrane prior to and following installation at the
site, is the responsibility of the Contractor The Contractor shall be liable for all damage
to the material incurred prior to final acceptance of the installation by the Owner's
Representative The Contractor shall repair all damage in accordance with Part 3 03 K4
of this Specification at no additional cost to the Owner

B The Contractor shall be responsible for storage of the geomembrane at the site The
Owner will provide storage space in a location (or several locations) such that onsite
tran portation and handling are optimized, if possible During storage, the geomembrane
shall be protected from theft, vandalism, dirt, excessive heat or cold, puncture, cutting, or
other damaging or deleterious conditions The geomembrane shall also be stored in
accordance with any additional requirements of the geomembrane Manufacturer

PART 3 EXECUnON

3 01 F_ARTTnVORk

A- Surface Preparation

I Geomembrane liner shall be installed at all locations shown on the Drawings

2. The geomembranehner shall be installed as soon as practical after the completion
and acceptance by the Owner's Representative of the placement area

3 Areas to receive geomembrane liner shall be smooth and even, and free of ruts, voids,
obstruction,etc: The final surface to receive the geomembrane shall be prepared in
accordance with requirements developed during design No rubber-tired vehicles
shall be allowed on the final dressed surface without the approval of the Owner's
Representative

4 The Contractor shall provide certification that the surface on which the geomembrane
will be installed is acceptable The certification of acceptance for each area under
consideration shall be given to the Owner's Representative prior to commencementof
geomembrane installation in that area.
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B Anchor Trenches

1 The anchor trench shall be excavated prior to geomembrane placement to the
elevations, grades, and widths shown on the Drawings

2 No loose soil shall be allowed beneath the geomembrane in the anchor trench

3 The anchor trench shall be backfilled after the geosynthetic layers have been installed
(as applicable) Care shall be taken when backfiffing the anchor trench to ýrevent
any damage to the geomembrane or other geosynthetics

4 Slightly rounded corners shall be provided in the anchor trench where the geo-
membrane ad]oins the trench to avoid sharp bends in the geomemb-rane

3 02 GEOMIRvMRANE DEPLOYMENT

A. Field Panel Identification

I A geomembrane field panel is defined as a roll or a portion of a roll cut in the field

2 Each field panel must be given an identification code (number or letter-number)

B Field Panel Placement

I Field panels shall be placed one at a time, and eacli field panel shall be seamed
immediately after its placement

2 Geomembranes shall not be placed when the ambient temperature is below 401 F
unless the Contractor has previously submitted a geomembrane cold-weather place-
ment and seaming plan and such plan has been approved by the Owner's
Representative

3 Geomembranes shall not be placed during any precipitation, in the presence of
excessive moisture (e g , fog, dew), in an area of po aded water, or in the presence of
excessive winds

4 The Contractor shall employ placement methods which ensure that

a No vehicular traffic shall be allowed on the geomembrane

b Equipment used shall not damage the geomembraneby handling, trafficking,
excessive heat, leakage of hydrocarbons, or other means

C_ Personnel working on the geomembrane shall not smoke, wear damaging shoes,
have glass containers or tools not required for Liner placement on the geomem-
brane, or engage in other activities that could damage the geomembrane

d The method used to unroll the panels shall not scratch or crimp the geomem-
brane and shall not damage the underlying materials

e The method used to place the panels sha.].Iminnni e wrinkles (especially
differential wrinkles between ad)acent panels)
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f Temporary loads and/or anchors (e g , sandbags), not likely to damage the
geomembrane, shall be placed on the geomembrane to prevent uplift by wind (in
high winds, continuous loading is recommended along panel edges to e
the risk of damage due to uplift cause by wind flow under the panels)

g The geomembrane shall be especially protected from damage in heavily traf-
ficked areas

5 On slopes, geomembranes shall be installed in a controlled manner from the top of
the slope to the bottom The geomembraneshall be temporarily anchored at the top
of the slope prior to deployment Unrestrained release of the geomembrane from the
top of the slope is not acceptable

6 Any field panel or portion thereof that becomes seriously damaged (torn, twisted, or
crimped) shall be replaced with new material at no expense to the Owner Less
serious damage may be repaired with the approval of the Owner's Representative
Damaged panels or portions of damaged panels that have been rejected shah be
removed from the Work area at no expense to the Owner

7 Adjacent geomembrane panels shall be overlapped as described in Part 3 03 D below
Larger overlaps shall be used if thermal contraction of the geomembrane is antici-
pated prior to seamin Adjacent panels shall be placed under similar temperature
conditions, preferably early in the day when temperatures are cooler, to Tninirnize the
potential for differential contraction

3 03 FEELD SEAMING

A Seam Layout

I In general, seams shall be oriented parallel to the line of maximum slope
(i e , oriented down, not across, the slope) In corners and at odd-shaped geometric
locations, the number of field seams shall be rninlTni ed No seams shall be located
in an area of potential stress concentration (i e , seams shall be along, not across, the
slopes), except as part of a patch, unless approved by the Owner's Representative

B Personnel

I All personnel performing seaming operations shall be qualified as required by this
Specification

C Weather Conditions for Seaming

1 Seaming shall not be attempted at ambient temperatures below those identified
during design and as specified by the Manufacturer recommendations Inallcases,
the geomembrane shall be dry and protected from excessive wind

2 If the Contractor wishes to perform searnin at ambient temperatures below those
specified, the Contractor shall demonstrate that the seam so produced is equivalent to
those produced under normally approved conditions and that the overall quality of
the geomembrane is not adversely affected The Contractor shall submit a geomem-
brane cold-weather placement and seaming plan that details all aspects of the cold-
weather seaming operation. The plan must certify that the cold-weather seaming
procedure does not cause any physical or chemical modification to the geomembrane
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that the seam so produced does not result in any short- or long-term damage to the
geomembrane

3 To minimi e geomembrane contraction stresses, seaming should ideally be carried
out in the morning and later evening when the geoinembrane is relatively contracted,
and during the middle of the day if overcast condit-ions prevail If the geomembrane
must be seamed in the middle of a sunny day, the Contractor shall ensure that the
panels to be seamed are at the same temperature and that there is sufficient slack in
the geomembrane to prevent the generation of excessive stresses or trampohning
when the geomembrane contracts as cooler temperatures prevail The required
amount of slack shaL1 be determined by the Contractor and it should not be so much
so as to cause significant wrinkling of the geomembrane If trampohrung or excessive
wrinkling of the geomembrane is observed, the Conli-actor will be required to make
repairs so that the problem is eliminated

D Overlapping and Temporary Bonding

I Geomembrane panels shall have sufficient overlap provided to meet requirements
developed during design and allow specified tests to be performed on the seam

2 The procedure used to temporarily bond adjacent panels together shall not damage
the geomembrane

E Seam Preparation

1 Prior to seaming, the seam area shall be cleaned so that it is free of moisture, dust,
d.irt, debris of any kind, and foreign material

2 If seam overlap grinding or other preparation procedure is required, the process shall
be completed within 30 minutes of the seaming operation in a manner that does not
damage the geomembrane

3 Seams shall be aligned with the fewest possible number of wrmEes and "fishmouths;

F General Seaming Requirements

I All geomembrane overlaps shall be continuously seamed using approved procedures
The sequence for searn ing geomembranes will be determined jointly by the Contractor
and Owner's Representative during preconstruction. meetings

2 Seaming shall extend to the outside edge of panels to be placed in the anchor trench.

3 If required, a firm substrate shall be provided by usLag a flat board, a conveyor belt,
or similar hard surface, directly under the seam over lap to achieve proper support

4 If seaming operations are carried out at night, adequate illumination shall be
provided

5 Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the
wrinkle to achieve a flat overlap The cut fishmouths or wrinkles shall be seamed,
and any portion where the overlap is inadequate shall then be patched with an oval
or round patch of the same geomembrane that extends beyond the cut in all direc-
tons in accordance with requirements specified in the design
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6 At the end of each day or installation segment, all exposed geomembrane edges shall
be anchored by sandbags or other approved means ff high winds are expected,
boards with weighted sandbags on top may be used to keep wind from getting under
the exposed edge of the geomembrane

G Seaming Process

I Approved processes for field seaming will be identified during design. Alternate
processes shall not be used unless a plan for their use has been submitted by the
Contractor and approved by the Owner's Representative Seaming equipment and
methods shall not damage the geomembrane

H Trial Seams

1 Trial seams shall be made on fragment pieces of geomembrane to verify that seaming
conditions are adequate Such trial seams shall be made at the frequencies specified
in the design Trial seams shall be made under the same conditions as actual seams

2 Specimens shall be cut from the trial seam sample by the Contractor for testing The
test specimens shall not fail in the seam If a specimenfa-ds, the entire operation
shall be repeated ff the additional trial seam falls, the seaming apparatus or seamer
shall not be accepted and shall not be used for seaming until the deficiencies are
corrected and two consecutive successful trial seams are achieved

3 The Owner's Representative will observe all trial seam procedures Successful trial
seam samples will be assigned a number and marked accordingly by the Owner's
Representative, who will also log the date, hour, ambient temperature, name of
seamer, and pass or fail description The sample itself win be retained in the
Ownef s Representative's archives

I Nondestructive Seam Continuity Testing

I Contractor shall nondestructively test all field seams over their full length, except as
indicated using a test method identified during design

j Destructive Testing

1 Destructive seam tests shall be performed on samples collected from selected loca-
tions to evaluate seam strength and integrity Samples shall be collected at a
Tninanum frequency of one sample per 500 feet of seam Destructive tests shall be
carried out as the seaming Work progresses, not at the completion of all field
seaming

2 Sampling

a Test locations shall not be determined prior to seaming and may be prompted by
suspicion of excess crystallinity, contamination, offset seams, or any other
potential cause of imperfect seaming The Owner's Representative Win be
responsible for choosing the locations of destructive seam samples The Contrac-
tor shall not be informed in advance of the locations where the seam samples
will be taken. The Owner's Representative reserves the right to increase the
sampling frequency
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b Samples shall be cut by the Contractor at the locations designated by the
Owner's Representative as the seaming progresses in order to obtain laboratory
test results before the geomembraneis, covered by another material Eachsample
shall be numbered and the sample number and location identified on the panel
layout drawing All holes in the geomembraneresulting from the destructive
seam sampling shall be repaired immediately m accordance with the repair
proceduxes described in Part 3 03 K of this Section. The continuity of the new
seams in the repaired areas shall be tested according to Part 3 03 1 of this
Section

K Defects and Repairs

1. The geomembraneArill be inspected before and after seaming for evidence of defects,
holes, blisters, undispersed raw materials, and any contamination by foreign matter
The surface of the geomembraneshal.1 be clean at the time of inspection The
geomembrane surface shall be swept or washed by the Contractor if surface contami-
nation inlubits inspection

2 Each suspect location, both in seam and nonseam areas shall, at the discretion of the
Owner's Representative,be either repaired or tested Each location that fails testing
shall be marked by the Owner's Representative and repaired by the Contractor

3 When seaming of a geomembrane is completed (or when seaming of a large area of a
geomembrane is completed) and prior to placing ov erlymg materials, the Owner's
Representative shall identify all excessive geomembranewrinkles TheContractor
shall cut and reseamall wrinkles so identified Thesearn thus produced shall be
tested like any other seams

4 Repair Procedures

a AnN portion of the geomembrane exhibiting a flaw or failing a destructive or
nondestructive test, shall be repaired by the Contractor The final decision as to
the appropriate repair procedure shall be agreed upon between the Owner's
Representative and the Contractor

b In addition, the following shall be satisfied

(1) Surfaces of the geomembrane that are to be repaired shall be prepared no
more than 30 minutes prior to the repair

(2) All surfaces must be clean and dry at the time of repair

(3) All seaming equipment and materials used in repair procedures must be
approved by the Owner's Representative

(4) The repair procedures, materials, and techniques shall be approved in
advance, for the specific repair, by the Owner's Representative and Contrac-
tor

(5) The geomembrane below large repairs shall be appropriately cut to avoid
water or gas collection between the two sheets
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5 Repair Verification

a Each repair shall be located, numbered, and logged and shall be nondestructively
tested, as appropriate Repairs that pass the nondestructive test shall be taken as
an indication of an adequate repair Failed tests will require the repair to be
redone and retested until a passing test results

3 04 MATERIALS IN CONTACT WITH TBE LRJR

A The Contractor shall not leave any tools or equipment on the geomembrane

B The Contractor shall take all necessary precautions to ensure that the geomembrane is not
damaged during its installation or during the installation of other components of the liner
system or by other construction activities Installation on rough surfaces shall be
performed carefully

C Equipment shall not be driven directly on the geomembrane Unless otherwise specified
by the Owner's Representative, all equipment operating on materials overlying the
geomembrane shall comply with ma)amum allowable ground pressure critena developed
during design

- END OF SECTION -
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SECTION 02714 GEOCOMPOSITE

PARTI GENERAL

101 SCOPE OF WORK

A If required by the design, the Contractor shall furnish all labor, materials, tools, equip-
ment supervision, transportation, and installation services necessary for the installation
of the geocomposite components of the land fill cells TheWorkshallbecarnedoutm
accordance with the Specifications, the CQA Plan, the Drawings, and other Contract
Documents

102 QUALIETCATIONS AND SUBM=ALS

A- The Contractor shall abide by all qualification and submLttal requirements of the CQA
Plan and the Specifications

103 CONSTRUGMON QUAIM ASSURANCE

A. Work will be monitored and tested in accordance with the requirements of the CQA Plan

B Any geocomposite rolls that do not meet the requirements of these Specifications Win be
re3ected The Contractor shall replace the re)ected matenal with new material that
conforms to the Specification requirements at no additional cost to the Owner

C If the Owner's Representative's testing indicates that Work does not meet the require-
ments of the Specifications, the Owner's Representative will establish the extent of the
nonconforming area. The nonconforming area shall be reworked by the Contractor at no
cost to the Owner until acceptable test results are obtained

PART 2 PRODUCTS

2 01 GEOCONVOSITE PROPERTEES

A The Contractor shall require that the geocomposite Manufacturer furnish material with
minimum average roll values, as defined by the FHWA, meeting or exceeding the criteria
specified during design. The Contractor shall require that the Manufacturer provide
results for tests performed, as well as a certification that the material delivered to the site
meets or exceeds the specified values

B In addition to the required property values identified durmg design, the geocomposite
shall

1 Retain its structure during handling, placement, and long-term service

2 Be capable of withstanding outdoor (i e , ultraviolet [UV] light) exposure for a
minimum of 30 days with no measurable degradation in the specified physical
properties
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3 Meet any additional requirements of the Drawings

4 Be manufactured with a geonet that does not contain any reclaimed polymer, nor any
foaming or blowing agents

2 02 MANUFACT`URING QUALITY CONTROL

A The Contractor shall require that the geocomposite Manufacturer sample and test the
geocomposite to demonstrate that the material conforms to the requirements of the
Specifications All Quality Control testing required by the Specifications and/or con-
ducted at the discretion of the Contractor shall be the responsibility of the Contractor
Test results shall be provided to the Owner's Representative Sampling shall, in general,
be performed on sacrificial portions of the geocompositematerial such that repair is not
required The Contractor shall require that the geocompositeManufacturer sample and
test the geocomposite at the Tnininium frequency specified and perform the manufactur-
ing quality control tests defined during design-

B Any geocomposite sample that does not comply with the Specifications shall result in
re)ectionof the roll from which the sample was obtained The Contractor shall replace
any rejected rolls at no additional cost to the Owner

C ff a geocomposite sample falls to meet the quality control requirements of this Specifica-
tion, the Contractor shall require that the geocomposite Manufacturer sample and test
each roll manufactured in the same lot, or at the same time, as the fading roll Sampling
and testing of rolls shall continue until a pattern of acceptable test results as determined
by the Owner's Representative is established

D Additional sample testing may be performed, at the geocomposite Manufacturer's
discretion and expense, to more closely identify any noncomplying rolls and/or to qualify
individual rolls

2 03 LABELING

A Geocomposite rolls shall be labeled with the following information

1 Name of Manufacturer

2 Product identification

3 Lot number

4 Roll number

5 Roll dimensions

B If any special handling is required, it shall be so marked on the geocomposite itself
(e g "This Side Up" or "This Side Against Soil To Be Retained")
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2 04 TRANSPORTATION

A Transportation of the geocompositeshall be the responsibilityof the Contractor The
Contractor shall be liable for damage to the geocomposite incurred prior to and during
transportation to the site The Contractor shall replace damaged rolls at no additional
cost to the Owner

2 05 HANDLING AND STORAGE

A Geocomposite shall be shipped and stored in watertight and opaque protective covers

B Handling, storage, and care of the geocomposite prior to and following incorporation into
the Work is the responsibihty of the Contractor The Contractor shall be hable for
damage to the material incurred prior to final acceptance by the Owner's Representative
The Contractor shall repair damage in accordance with Part 3 03 of this Section at no
additional cost to the Owner

C The Contractor shall be responsible for storage of the geOLompositeat the site The
geocomposite shall be stored off the ground and out of du ect sunlight and shall be
protected from puncture, cutting, and excessive heat, cold, moisture, mud, dirt, dust, or
any other damaging or deleterious conditions The geocompositeshali be stored in
accordance with any additional requirements of the geocomposite Manufacturer

PART 3 EXECUTION

3 01 BANDUNG AND PLACEMENT

A If required by the design, geocomposite shall be installed at all. locations shown on the
Drawings

B The Contractor shall handle the geocomposite in such a manner as to ensure that the
geocomposite is not damaged in any way

C Just prior to geocomposite placement, the geomembrane that may underhe the geocompo-
site shall be clean and free of excessive dust and dnt, stones, rocks, or other obstructions
that could potentially damage the geomembrane The geomembrane shall be swept clean
prior to geocomposite placement. At the direction of the Owner's Representative, the
Contractor may be required to clean the geomembrane with water

D The Contractor shall take all necessary precautions to prevent damage to underlaying
layers dunng placement of the geocomposite

E In the presence of excessive wind, the Contractor shall weight the geocomposite with
sandbags or equivalent method approved by the Owner's Representative

F On sideslopes, the geocomposite shall be secured, by the Contractor, at the top of the
slope and then rolled dowa the slope

G If necessary, the Contractor shall position the geocompos Lte by hand after it is unrolled to
T-ninani ewrinkles
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H Geocomposite shall be clean when installed During installation, care shall be taken by
the Contractor not to entrap stones, excessive dirt, or moisture that could damage the
underlying geomembrane, clog drain or filters, or hamper subsequent seaming

I Geocomposite shall not be welded to the geomembraneliners Geocomposite shall only
be cut using a cutter approved by the geocomposite Manufacturer and the Owner's
Representative

J Tools shall not be left on or in the geocomposite

K After placing the geocomposite,the geocompositeshaU not be left exposed for a period in
excess of 30 days unless a longer exposure period is approved by the Owner's Represen-
tative based on a formal demonstration from the Contractor (e.g., a certification from the
geocomposite Manufacturer) that the geotextile component of the geocomposite is
stabilized again t UV light degradation for a period in excess of 30 days

L If white geotextile is used in the geocomposite, precautions shall betaken against "snow
bhndness" of personnel

3.02 SEAMS AND OVERLAPS

A. The components of the geocomposite (e g , geotexble-geonet-geotextile) shall not be
bonded together at the ends and edges of the rolls Each component shall be secured or
seamed to the hke component at overlaps

B No horizontal seams shall be allowed on slopes steeper than those specified in the design
unless approved by the Owner's Representative

C Geonet Components

I The geonet components shall be overlapped by the distance specified in the design
and in accordance with Manufacturer's recommendations These overlaps Shan be
secured by tying

2 Tying shall be achieved by nylon strings, plastic fasteners, or polymer braid Metallic
devices shall not be used Tying devices shall be provided in a color different than
the geonet to allow easy inspection.

3 The spacing shall be as specified in the design.

4 When more than one layer of geocomposite is installed, joints shall be staggered as
specified in the design.

5 The joints on adjacent geocomposite panels shall be staggered as specified in the
design.

D Geotextile Components

1 The top layers of geotextiles shall be sewn in accordance with the requirements of the
design. Geotextiles shall be overlapped prior to sewing in accordance with the
design.

'21907 708010
0924121995 Specs 02714-4



3 03 REPAIR

A Any holes or tears in the geocomposite shall be repaired by placing a patch extending
beyond the edges of the hole or tear as required by the design The patch shall be
secured over the hole or tear by tying fasteners through the geocomposite patch, and
through the top geotextile and geonet. beneath the patch The patch shall be secured with
approved tying devices A larger geotextile patch shall be placed over the geocomposite
patch and shall be heat sealed to the top geotexble of the geocompositeneeding repair If
the hole or tear width across the roll is more than 50 percent of the width of the roll, the
damaged area shall be cut out and the two portions of the geocomposite shall be joined in
accordance with Part 3 02 of this Section.

3 04 PLACE1.1ENT OF OVERLYING MATERIALS

A Earth fili, geosynthetic clay liner, compacted clay liner, or vegetative soil layer as
required by the Drawings, shall be placed as soon as possible after placement and
approval of the geocomposite Placement of each overlying material shall be ua accor-
dance with the appropriate Sections of the Specifications

B The Contractor shall place overlying soil materials in such a manner as to ensure that

1 The geocomposite and underlying geosnythetc materials are not damaged

2 Minimal slippage occurs between the geocomposite and underlying layers

3 Excessive stresses are not produced in the geocomposite

C Unless otherwise specified by the Owner's Representative, the equipment operating on
soil material overlying a geocomposite shall comply with the maximum. permissible
ground pressure 1equirement specified in the design. The acceptability of equipment
operating at ground pressures greater than the maximum specified will be evaluated by
the Owner's Representative at the Contractor's expense

D The CQA firm vnE provide monitoring of the spreading of soils over the geocompositem
accordance with the CQA Plan.

3 05 PROTECTION OF WORK

A The Contractor shall use all means necessary to protect all materials and partially
completed and completed Work of these Specifications

B The CQA firm mn.11. identify any areas requiring repair The Contractor shall immediately
make repairs and replacements necessary, to the approval of the Owner's Representative
at no additional cost to the Owner

C The CQA firm will issue an approval of the geocomposite installation to the Owner's
Representative prior to placement of material over the geocomposite in accordance with
the CQA Plan

- END OF SECTION -
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SECTION 02715 GEONET

PART1 GENERAL

1 01 SCOPE OF WORK

A If required by the design, the Contractor shall furnish all labor, materials, tools, equip-
ment, supervision, transportation, and installation services necessary for the installation
of the geonet components of the landfill cells The Work shall be carried out in accor-
dance with these Specifications, the CQA Plan, the Drawings, and other Contract
Documents

102 SUBMITTALS

A In accordance with the CQA Plan and the Specifications

B Materials Submit laboratory test data and Manufacturer's product data and certification
in accordance with the Products Subsection of this Section.

C Layout Drawings Contractor shall submit Layout Drawings for the geonet to the Owner's
Representative describing in detail where and how the geonetwill. be installed Work
covered in this Section shall not com rn ence until Layout Drawings are reviewed and
approved by the Owner's Representative

PART 2 PRODUCTS

2 01 GEONET PROPERTIES

A Unless otherwise noted on the Drawings, the Contractor shall require that the geonet.
Manufacturer furnish material having properties that comply with the required values
established during design- The Contractor shall require that the geonet Manufacturer
provide results for tests performed using the procedures identified in the final design, as
,.%ell as a certification that the material properties meet or exceed the specified values

B 1n addition to the property values identified in the final design, the geonet shall

I Retain its structure during handling, placement, and long-term service

2 Be chemically inert when immersed in a leachate representative of that from the
landfill

3 Meet an) additional requirements of the Drawings

4 Not be manufactured from any reclaimed polymer

2 02 MANUFACTURING QUALITY CONTROL

A The geonet shall be manufactured with quality control procedures that meet or exceed
generally accepted industry standards
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B The Contractor shall require that the geonet Manufacturei sample and test the geonet to
demonstrate that the material conforms to the requiremeDts set forth in design.

C Any geonet. sample that do es not comply with the Specifications shall result in rejection
of the roll from which the sample was obtained The Co-ntractor shall replace any
rejected rolls at no additional cost to the Owner

D If a geonet sample fails to meet the quality control requirements of the Specifications, the
Contractor shall require that the geonet Manufacturer sample and test each roll manufac-
tured in the same lot, or at the same time, as the falling roll Sampling and testing of
rolls shall continue until a pattern of acceptable test results tLs determined by the Owner's
Representative is established

E Additional sample testing may be performed, at the geonet Manufacturer's discretion and
expense, to more closely identify any noncomplying rolls and/or to qualify individual
rolls

F The Contractor shall require that the geonet Manufacturer comply with the certification
and submittal requirements of this project manual

2 03 IABELING

A Geonet. rolls shall be labeled with the following information

I Name of Manufacturer
it

2 Product identification

3 Lot number

4 Roll number

5 Roll dimensions

2 04 TRANSPORTATION

A Tran portation of the geonet shall be the responsibility of the Contractor The Contractor
shall be liable for damage to the geonet incurred prior to and during transportation to the
site The Contractor shall replace damaged rolls at no additional cost to the Owner

2 05 HANDUNG AND STORAGE

A Geonet shall be protected from damage during shipping and storage

B Handling, storage, and care of the geonet prior to and following incorporation into the
Work is the responsibility of the Contractor The Contractor shall be liable for damage to
the material incurred prior to final acceptance by the Owner The Contractor shall repair
damage in accordance with Part 3 03 of this Section at no additional cost to the Owner

C The Contractor shall be responsible for storage of the geonet at the site The geonet shall
be stored off the ground and out of direct sunlight and shall be protected from puncture,
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cutting, and excessive heat, cold, moisture, inud, dirt, dust, or any other damaging or
deleterious condition The geonet shall be stored in accordance with any additional
requirements of the geonet Manufacturer

PART 3 EXECUTION

3 01 HANDLING AND PLACEA=

A If required by the design, geonet shall be installed at all locations shown on the Draw-
ings

B The Contractor shall handle the geonet in such a manner as to ensure that the geonet is
not damaged in any way

C just prior to geonet placement, the geomembrane hner that may underhe the geonet shall
be clean and free of excessive dust and dirt, stones, rocks, or other obstructions that
could potentially damage the geomembrane The geomembrane shall be swept clean
prior to geonet placement At the direction of the Owner's Representative, the Contractor
shall clean the geomembrane with water

D The Contractor shall take all necessary precautions to prevent damage to underlaying
layers during placement of the geonet

E In the presence of excessive wind, the geonet shall be weighted with sandbags or eqtuv-
alent weight approved by the Owner's Representative Such sandbags shall be installed
during placement and shall remain until replaced with an overlying layer

F On sideslopes, the geonet shall. be secured in the anchor trench and then rolled down the
slope

G If necessary, the geonet shall be positioned by hand after being unrolled to
wrinkles

H Geonet shall be clean when installed During installation, care shall be taken not to
entrap stones, excessive dirt, or moisture that could damage the underlying geomembrane
or generate clogging drain orfilters

I Geonet shall not be welded to geomembranehners Geonet shall only be cut using a
cutter approved by the geonet Manufacturer and the Owner's Representative

j Tools shall not be left on or in the geonet.

K Geonet shall not be placed in direct contact with textured geomembrane hner unless
specifically called for on the Drawings
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3 02 STACIONG AND JOINING

Aý When two or more layers of geonets are stacked, care shall be taken to prevent the
strands of one layer of geonet from penetrating the channels of an overlying or underlying
layer

B A layer of Geonet shall not be installed in a direction perpendicular to an underlying
layer of geonet

C In the comers of the sideslopes, where overlaps between perpendicular geonet strips are
required, an extra layer of geonet shall be unrolled along the slope, on top of the
previously installed geonets, from top to bottom of the slope, as shown on the Drawings

D Adjacent rolls of geonet shall be overlapped as required m the final design These
overlaps shall be secured by tying

E Tying shall be achieved by nylon strings, plastic fasteners, or polymer braid Metallic
devices shall not be used Tying devices shall be provided in a color to allow for easy
inspection.

F Tie spacing shall be as required in the final design

G When more than one layer of geonet is installed, )omts shall be staggered as required in
the final design.

H The joints on adjacent geonet panels shall be staggered as required in the final design

3 03 REPAIR

A Any holes or tears in the geonet shall be repaired by placing a patch over the hole or tear
extending beyond the edges of the hole or tear as set forth in the final design. The patch
shall be secured to the original geonet by tying with approved tying devices If the hole
or tear width across the roll is more than 50 percent of the width of the roll, the damaged
area shall be cut out and the two portions of the geonet shall be jointed in accordance
with Part 3 02 above

3 04 PLACEMMNJT OF OVERLYING MATERIALS

A An installed layer of geonet shall be covered with the overlying layer (geotextile or
geomembrane), as required by the Drawings, as soon as possible after installation and
approval The purpose of this action is to rninimi e the accumulation of dirt or dust in
the geonet and the potential for damage to the geonet or the underlying geomembrane If
dust or dirt accumulates in the geonet layer prior to placement of the overlying layer, the
Owner's Representative will direct the Contractor to clean the geonet by sweeping or
washing with water

B Soil shall never be placed in direct contact with geonets Geonets shall be separated from
soil materials by a geotexWe or other material, as indicated on the Drawings The only
exception to this shall be at those locations shown on the Drawings (e g , pipe bedding
gravel directly overlies one or more layers of geonet-)
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C When soil is placed above the overlying layer the Contractor shall place the soil in such a
manner as to ensure that

1 The geonet and underlying geomembrane are not damaged

2 Minimal slippage occurs between the geonet and the underlying geomembrane

3 Excess stresses are not produced in the geonet

D The CQA firm will provide continuous monitoring of the spreading of any soil materials
over the geonet with earth moving equipment.

E Unless otherwise specified by the Owner's Representative, all equipment operating on
soil material overlying a geonet shall comply with the maximum permissible ground
pressure requirements specified in the design.

- END OF SECTTON -

If
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SECTION 02716. GEOTEXME FABRIC

PARTI GENERAL

101 SCOPE OF WORK

A. If required by the design, the Contractor shall furmsh all labor, materials, tools, eqmp-
ment, supervision, transportation, and installation serwces necessary for the installation
of geotextile fabric components of the landfill cells The Work shall be carried out in
accordance with tlns Specification, the CQA Plan, the Drawings, and other Contract
Documents

102 SUBIV=ALS

A In accordance with the CQA Plan and the Specifications

B Materials Submit laboratory test data and Manufacturer's product data and certification
in accordance with the Products Subsection of this Section.

C Layout Drawings Contractor shall submit Layout Drawings for the geotextile fabric to the
Owner's Representative describing in detail where and how the geotextile fabric will be
installed Work covered in this Section shall not commence until shop Drawings are
reviewed and approved by the Owner's Representative

103 CONSTRUGMON QUAI= ASSURANCE

A Work will be monitored and tested in accordance with the requirements of the CQA Plan.

B Any geotextile rolls that do not meet the requirements of the Specification will be
rejected The Contractor shall replace the rejected material with new material that
conforms to the Specification requirements at no additional cost to the Owner

PART 2 PRODUCTS

2 01 GEOTEXTILE PROPERTIES

A The Contractor shall require that the geotextile Manufacturer fL=sh geotextile with
Tninirnum average roll values, as defined by the FHWA, meeting or exceeding the criteria
set forth in design The Contractor shall require that the geotextile Manufacturer provide
results for tests performed as well as a certification that the material properties meet or
exceed all property values specified for that type of geoi extile

B In addition to the required property values identified dL=g design, the geotextile fabric
shall

1. Retain its structure during handling, placement, and long-term service

2. Be capable of withstanding outdoor (1 e , UV) light for a Tninimlim of 30 days with no

measurable deterioration.
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3 Be chemically inert when irom ed in a leachate representative of that from the
landfill

4 Meet any additional requirements of the Drawings

2 02 MANUFACTURING QUALITY CONTROL

A- The geotextile shall be manufactured with quality control procedures that meet or exceed
generally accepted industry standards

B The Contractor shall require that the geotextile Manufacturer sample and test the
geotextile to demonstrate that the material conforms to the requirements of the
Specifications

C Any geotextile sample that does not comply with this Specification shall result in
rejection of the roll from which the sample was obtained The Contractor shall replace
any rejected rolls at no additional cost to the Owner

D If a geotextile sample fails to meet the quality control requirements of this Specification,
the Contractor shall requare that the geotextile Manufacturer sample and test each roll
manufactured in the same lot, or at the same time, as the failing roll Sampling and
testing of rolls shall continue until a pattern of acceptable test results as determined by
the Owner's Representative is established

E Additional sample testing may be performed, at the geotextile Manufacturer's discretion
and expense, to more closely identify any noncomplying rolls and/or to qualify individual
rolls

F Sampling shall, in general, be performed on sacrificial portions of the geotextile material
such that repair is not required

G The Contractor shall require that the geotextile Manufactuxer comply with all apphcable
certification and submittal requirements

2 03 LABELING

A Geotext-de rolls shall be marked or tagged with the following information

1 Name of Manufacturer

2 Product identification

3 Lot number

4 Roll number

5 Roll dimensions

B If any special handling is required, it shall be so marked on the geotextile itself,
(e g , "This Side Up" or 'This Side Again t Soil to be Retained")
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2 04 TRANSPORTATION

A Transportation of the geotextile shall be the responsibility of the Contractor The
Contractor shall be liable for all damage to the geotextile incurred prior to and during
transportation. to the site The Contractor shall repair or replace any damaged rolls at no
additional cost to the Owner

2 05 HANDLING AND STORAGE

A Geotextile shall be shipped and stored in watertight and opaque protective covers

B Handling, storage, and care of the geotextile prior to and following installation at the site
is the responsibility of the Contractor The Contractor shall be liable for all damages to
the geotextile incurred prior to final acceptance by the Owner's Representative The
Contractor shall repair all damage in accordance with Part 3.03 of this Specification and
at no additional cost to the Owner

C The Contractor shall be responsible for storage of the geotexble at the site The geotextile
shall be stored off the ground and out of direct sunlight and precipitation and shall be
protected from excessive heat or cold, mud, dirt, dust, puncture, cutting, or any other
damaging or deleterious conditions The geotextile shall also be stored in accordance
with any additional requirements of the geotextile Manufacturer

PART 3 EXECUTION

3 01 HANDLING AND PLAC11=

A- If required by the design, geotextile fabric of the type(s) specified in the design shall be
installed at all locations shown on the Drawings

B The Contractor shall handle the geotextile in such a manner as to ensure that the
geotextile is not damaged in any way

C The Contractor shall take all necessary precautions to pi event damage to underlying
layers during placement of the geotextile

D just prior to geotextile placement, the layer that win underlie the geotextile, if it is
geosynthetic, shall be clean and free of dust, dirt, stones, rocks, or other obstructions that
could potentially damage the liner system

E. After placing the geotextile, the geotextile shall not be left exposed for a period in excess
of 30 days unless a longer exposure period is approved by the Owner's Representative,
based on a demonstration from the Manufacturer (e g , a certification from the geotextile
Manufacturer) that the geotextle is stabilized again t UN7 light degradation for a period in
excess of 30 days Tins requirement does not apply to material used as sacrificial
geotextile

F If white geotextile is used, precautions shall be taken again t "snow blindness" of person-
nel
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G In the presence of wind, the geotextile shall be weighted with sandbags or equivalent
weight approved by the Owner's Representative Such sandbags shall be installed during
placement and shall remain until replaced with an overlying layer

H On sideslopes, the geotextile shall be secured in the anchor trench and then rolled down
the slope in such a manner as to continually keep it in tension

I If necessary, the geotext-de shall be positioned by hand after being =oUed tommunize
wrinkles

J Geotextile shall be clean when installed During installation, care shall be taken not to
entrap stones, excessive dirt, or moisture that could damage the underlying layers, clog
drains or filters, or hamper subsequent seaming

K Tools shall not be left on or in the geotextile

L The Contractor and Owner's Representative shall examine the entire geotextile surface
after installation to ensure that no potentially harmful foreign objects (including broken
sewing needles) are present The Contractor shall remove any such foreign objects and
shall replace any damaged geotexble

3 02 SEAMS AND OVERLAPS

A All geotexble overlaps shall be continuously sewn (i. e , spot sewing and thermal bonding
are not allowed) Geotextiles shall be overlapped in accordance with design requirements
prior to sewing No horizontal seams shall be allowed on slopes steeper than those
specified in the design (i e , seams shall be along, not across, the slopes), except as part of
a patch, unless approved by the Owner's Representative

3 03 REPAIR

A Any holes or tears in the geotextile shall be repaired as follows

1 A patch made from the same type of geotextile Should any tear exceed 10 percent of
the width of the roll, that roll shall be removed from the slope and replaced with new
material, at no additional cost to the Owner

2 A patch made from the same type of geotexble shall be overlapped and stitched into
place in accordance with requirements set forth in the design

B Care shall be taken to remove any soil or other material that may have penetrated the
torn geotextile

3 04 PLACEMENT OF OVERLYING MATERIALS

A The Contractor shall place all overlying soil materials in such manner as to ensure that

1 The geotextile and underlying geosynthetic materials are not damaged

2 Minimum slippage occurs between the geotextile and underlying layers
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3 Excess stress is not produced in the geotextile

B The Owner's Reprosentai-ive will provide continuous monitoring of the spreading of any
soil materials over the geotextile with earth moving equipment

C Unless otherwise speaffied by the Owner's Representative, all eqLnpment operating on
soil material overlying the geotextile shall comply with the maximum permissible ground
pressure requirements specified in the design

3 04 PROTEMON OF WORK

A The Contractor shall use all means necessary to protect all materials and partially
completed and completed Work of these Specifications

B The CQA firm will identify any areas requiring repair The Contractor shall immediately
make repairs and replacements necessary, to the approval of the Owner's Representative
and at no additional cost to the Owner

C The CQA firm will issue an approval of the geocomposite installation to the Owner's
Representative prior to placement of material over the geocomposite in accordance with
the CQA Plan.

- END OF SEMION -
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SECTION 02721 COMPAUI CLAY LINER

PART1 GENERAL

This Section will be modified based on the results of the test fill program (see Appendix I) and future
design

1 01 SCOPE OF WORK

A The Contractor shall furmsh all labor, materials, tools, equipment, supervision, transpor-
tation, and installation services necessary for the construction of the compacted clay liner
components of the landfill cells The Work shall be carried out in accordance with these
Specifications, the CQA Plan, the Drawings, and other Contract Documents

102 QUALIHCATIONS AND SUBMITTALS

A The Contractor shall abide by all qualifications and submittal requirements of the CQA
Plan and the Specifications

1 03 CONSTRUCTION QUALITY ASSURANCE

A All Work shall be monitored and tested in accordance with the requirements of the CQA
Plan.

B The Contractor shall be aware of all testing activities outlined in the CQA Plan and shall
account for these activities in the construction schedule No additional costs to the
Owner shall be allowed by the Contractor as a result of the performance of the CQA
activities

C Soil testing (both field and laboratory testing) required by the CQA Plan will be the
responsibility of the CQA firm All Quality Control testing required by these Specifica-
tions, the CQA Plan, and/or conducted at the discretion of the Contractor shall be the
responsibility of the Contractor The Contractor shall cooperate with the CQA firm
during all testing activities The Contractor shall provide equipment and labor to assist
the CQA firm in sampling The Contractor shall provide access to all areas requiring
testing The Contractor shall repair any damage to finished Work caused by the CQA
firm's sampling or testing activities

D If the CQA firm's tests indicate Work does not meet the requirements of the Specifica-
tions, the CQA firm will establish the extent of the nonconforming area The noncon-
forming area shall be reworked by the Contractor at no cost to the Owner until acceptable
test results are obtained

PART 2 PRODUCTS

2.01 MATERIALS

Clay liner material may only be used for construction if it has been shown to be suitable in the test
fill program (see Appendix I) The test fill program will have been performed prior to construction of
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the landfill cells and is not part of tl:ie Work included in this Specification Depending on the results
of future test fills, onsite clay may be used on the base and/or the sideslopes of the landfill cell The
Specifications maybe modified per Lhe results of the test fill program

A Clay liner material shall be obtained from borrow areas or stockpiles identified by the
Owner's Representative

B Clay liner material for landfill cell construction shall meet the characteristics and
requirements defined during design which may include but not be limited to

1 Classification according to the Unified Soil Classification System (USCS)
(ASTM D 2487) and exhibit specified minimum liquid limit and a minimum. plas-
ticity index

2 Have a percentage of gravel (i o , dry weight retained on a U S No 4 sieve) of less
than that specified

3 Have a hydraulic conductivity of not more than 1 X 107 centimeters per second (cm/s)
when compacted in accordance with the Specifications and tested in the laboratory

C The water used to increase the moisture content of the clay liner shall be provided by the
Owner The Contractor shall maintain an accurate record of water usage

PART 3 EXECUTION

3 01 CLAY LINER COMPACTION CRrITRIA

A The compaction moisture content and the minimum dry unit weight of onsite clay shall
be as defined in the design

3 02 CLAY LINER PLACEMENT

A The clay liner shall be constructed to the elevations, grades, and ducknesses shown on
the Drawings The thickness of the clay liner at any location shall be measured perpen-
dicular to the plane of the slope at the location The compacted clay liner shall be a
minimum of three (3) feet thick over the bottom and perpendicular to sideslopes of the
landfill cell

B Clay liner placement shall begin only after completion of all, or an approved portion of,
excavation and structural fill placement in the landfill cell Placement shall not begin
until the Contractor has verified that subgrade elevations and grades conform to the
Drawings and CQA firm has completed testing and surveying of the subgrade as required
by the CQA Plan

C The Contractor shall not place clay liner material on a surface or subSrade that contains
debris, branches, vegetation, mud, ice, or frozen material If frozen subgrade material is
encountered, it shall be removed and replaced in accordance with these Specifications
Immediately prior to clay liner placement, the subgrade shall be proof-rolled as directed
by the Owner's Representative Any excessivelywet or soft areas shall be excavated and
replaced with properly compacted structural fill
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D The Contractor shall construct the clay liner in hfts Each lift of the clay liner shall meet
the minimum requirements as defined in the design

E The loose lift thickness and the average lift thickness after compaction shall be no more
than the allowable maximum lift thickness in accordance with the test fin results and
design requirements

F Lift placement procedures for sideslopes and flat areas shall be performed in accordance
with the requirements of the design

G Prior to placement of a hft clay liner material, Contractor shall allow the CQA firm to
complete field testing in accordance with the CQA Plan The Contractor shall not place a
new hft of clay liner material over a preceding lift until approval is given by the CQA
firm If the Contractor fails to comply with this requirement, the Contractor win be
required by the Owner to remove and replace all unauthorized Work at no additional cost
to the Owner

H Prior to placement of a lift of clay liner material, the previous lift shall be thoroughly
scanfied in accordance with design requirements to provide good bonding between lifts

I The trafficking of prepared lift surfaces by trucks or other equipment shall not be
permitted during the period between preparation and placement of the following lift

If normal handling does not reduce the maximum clod size in onsite clay to an accept-
able size, the Contractor shall use an approved equipment to break up the clods The
onsite clay material shall be pulverized until the maximum soil clod size is reduced to
meet size requirements The use of specific equipment shall be approved by the Owner's
Representative prior to use

K_ Moisture conditioning of the clay liner material shall be accomplished in the processing
area prior to clay liner construction The processing area location shall be approved by
the Owner's Representative Clay liner material shall be moisture conditioned using
approved equipment and procedures If the clay liner material is wetter then required, it
shall be repeatedly mixed to achieve drying

L No more than the percent moisture defined during design shall be added to the clay liner
material at the time of compaction Clay liner material more than the defined percent
moisture shall be removed, returned to the processing area, and conditioned until the
proper moisture content is achieved If the in-place moisture content is too high, the clay
may be dozed, windrowed, disced, and/or otherwise mixed to facilitate drying

M Clay liner material shall not be placed or compacted during a sustained period of
temperature below 32 degrees Fahrenheit Clay liner material may be placed and
compacted during periods of early morning freezing temperatures if above fteezing
temperatures are anticipated during the day

N The Contractor shall not place frozen clay nor shall the Contractor place clay on frozen
ground

0 If clay liner material freezes after compaction, the Contractor shall remove the frozen
material, scarify the remaining unfrozen clay, and then place and compact new clay in
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accordance with these Specifications Frozen clay shall not be reused until it has thawed
and been reworked to an acceptable moisture content Me Contractor shall be
responsible for protecting compacted lifts of clay Imer material from freezing If extended
freezing conditions are anticipated, the Contractor shall prepare a plan for approval by
the Owner's Representabve, which outlines the measure that will be taken to protect
finished WorIL

P Clay liner material shall be placed during periods of unfavorable weather conditions, as
determined by the Owner's Representative

303 CLAY LE141M CONTAGMON

A. The sequence of compaction of the clay liner for a landfill cell shall be as described in
the design Specifications or as shown on the Drawings

B Compaction of clay liner on the base of the cell and on the sideslopes shall be performed
using approved equipment

C The daily Work area shall extend a sufficient distance so as to maintain soil moisture
conditions within an acceptable range to allow continuous operations Desiccation and
crusting of the lift surface shall be avoided as much as possible

D. The CQA firm will identify any areas of significant desiccation and crusting of a lift
surface The Contractor shall scarify the surface of sucb areas to the nominal depth
specified during design or to the depth of desiccation identified by the CQA firm and
then water condition, disc, or m 1 x as necessary and recompact the area

Z The transition from an existing filll-depth Section of clay liner to the beginning of an
adjacent Section that is to be constructed subsequently shall be accomplished by sloping
(cutting bark) the end of the full-depth Section, scarifying the slope of the wating full-
depth liner at the transition, and then unm ediately pacing the adjacent lifts of clay liner

F Corners and other areas inaccessible to driven compaction eqmpment shall be compacted
using hand-operated equipment (such as a walk-behind roller) approved by the Owner's
Representative

3 04 SURVEY CONTROL

A The Surveyor shall survey the final location and elevation of the top of the clay layer
Surveying shall be performed in accordance with these Specifications The survey Will
ensure that

I The specified thickness of compacted clay liner has been achieved

2 The top of the clay liner slopes across the fandfill cell at the grade shown on the
Drawings toward the collection sump

3 The top of the clay liner is at the grades and elevations specified on the contract
Drawings
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B The Surveyor shall provide a Record Drawing to the Owner's Representative of the final
location and elevation of the top of the clay liner, including the location and elevation of
the leak detection system sump, in accordance with the requirements of these
Specifications. The Surveyor shall submit this Drawing prior to geomembrane liner
construction unless otherwise approved by the Owner's Representative and the CQA firm
The Contractor may submit a partial record to obtain approval for a portion of the Work.
The Owner's Representative will define the mirumuin. requirements for a partial submit-
tal

3 05 F= QUALITY CONTROL

A- All quality control testing required by these Specifications and/or conducted at the
discretion of the Contractor shall be the responsibility of the Contractor

B If the CQA firm's tests indicate that Work does not meet the requirements of the Specifi-
cations, the CQA firm will establish the extent of the nonconforming area The noncon-
forming area shall be reworked by the Contractor at the Contractor's own expense until
acceptable test results are obtained

3 06 PROTECTION OF WORK

A The Contractor shall use all means necessary to protect all materials and partially
completed and completed Work of these Specifications

B In the event of damage, the CQA firm will identify areas requiring repair, and the
Contractor will make repairs and replacements necessary to the approval of the Owner's it
Representative at no additional cost to the Owner

C The Contractor shall minimize, to the maximum extent feasible, desiccation cracking of
clay liner material The Contractor shall sprinkle the clay with water if cracking is
observed or if directed by the Owner's Representative The Contractor may seal roll the
surface of the clay to reduce drying and desiccation The Contractor may protect exposed
surfaces using hght-colored or translucent membranes, such as Visqueen, to inhabit
drying of the clay The CQA firm will identify areas of significant cracking of the surface
of the cla% luier and the Contractor shall repair the identfied area to the satisfaction of
the Owner s Representative at no adchtional cost to the Owner

D The cla% liner surface shall be seal rolled and made smooth and free from luts or
indentations at the end of every working day when precipitation is forecast and/or at the
completion of compaction operations in an area

F_ The Contractor shall maintain the clay liner surface in a condition suitable for geomem-
brane installation as specified in the CQA Plan and these Specifications until the surface
is covered Desiccation cracks shall be repaired in accordance with the requirements of
the design

F The layer of over-built material shall be removed as apphcable prior to placement of
geomembraneliner The over-built materials maybe removed in sections to coordinate
with geomembrane placement Where the over-built material is removed, the finished
surface shall be protected and maintained as required by the Specifications The surface
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of the clay liner on the sideslope shall be trimmed to meet the requirements of these
Specifications prior to the installation of the geomembrane liner

G No synthetic sealants or other chemical treatments may be applied to the clay liner
material

H The CQA firm will issue an approval of the installation of the clay liner to the Owner's
Representative prior to placement of material over the clay liner in accordance with the
requirements of the CQA Plan

3 07 PERFORAMNS

A Perforations in the secondary clay liner resulting form construction and CQA activities
shall be filled Such Perforations may include, but are not limited to, the followmg

1 Nuclear density test probe locations

2 Shelby tube sample locations

3 Sand-cone or rubber balloon test locations

4 Survey stake locations

END OF SEMON -
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SECTION 02800 MONITORING WELLS

PART1 GENERAL

1 01 SCOPE OF WORK

A The Contractor shall fi=sh all labor, materials, tools, equipment, supervision, transpor-
taton, and installation services necessary for the installation, development and testing of
the monitoring wells The Work shall be carried out in accordance with these Specifica-
tons, the CQA Plan, the Drawings, and other Contract Documents

102 QUALIFICATIONS AND SUBMITTALS

A The Contractor shall abide by all qualificatori and submittal requirements of the CQA
Plan and the Specifications

103 CONSTRUCTION QUALITY ASSURANCE

A All Work will be morutored and tested in accordance with requirements of the CQA Plan.

B Any materials that do not meet the requirements of these Specifications will be rejected
The Contractor shall replace the re)ected material with new material that conforms to the
Specification requirements at no additional cost to the Owner

C Regulatory Requirements

I The Contractor shall comply with all applicable state, county, and local codes and
ordinances

D Contractor shall coordinate installation with all utilities to obtain approval of locations

1 04 SUB1V=ALS

A Submittals shall include the following

1 Utility field location tickets and forms as applicable

2 Tabulated survey coordinates of staked boring locations

3 Drill ng equipment Specifications

4 Drilling Method The Contractor shall submit the proposed plan for drilling the
weUs The proposed plan shall take into account all information furnished and all
restrictions imposed by the Drawings and Specifications Loss of a hole or well
because of lack of material, inadequate or faulty equipment, or careless operating
procedures will be considered cause for abandonment of the well at no cost to
Owner
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5 Specifications for well materials including blank riser pipe, well screen, sandpack,
bentonite pellet seal, and concrete grout as applicable and in accordance with the
design.

6 Specifications for development pump, bailer, and other testing equipment

7 Product Submittals Contractor shall. submit Manufacturers' Specifications for each of
the products listed in Section 2 0, Products

8 Tabulated survey coordinates of installed well locations Include horizontal coordi-,
nates and elevation of permanent reference point in accordance with the require-
ments of the design

9 Daily reports, field logs, field well completion forms, and wen development data
sheets as required in the design.

10 Sandpack Sieve Analysis and Sample The Contractor shall submit for approval the
results of a sieve anaJysis of the proposed sandpack. material a minimum of 7 days
prior to cornmencementof well drilling activities

PART 2 PRODUCTS

2 01 MATERIALS

A Well screen, riser pipe, sandpack, bentonite seal, cement-bentonite grout, well casing, and
all other materials shall be as specified in the design

B Water for construction shall be clean and free of contammants The Owner will provide
water and specify the source The Contractor shall be responsible for transport of the
water from the source to the construction site

PART 3 EXECUTION

3 01 PREPARATION

A Location of bornigs

1 Stake boring locations at the locations shown on the Drawings in the presence of the
Owner's Representative Following Owner's Representative approval of staked
locations, survey stakes using survey methods under the direction of a surveyor
registered to practice sux-veying the in State of Colorado Coordinate boring locations
with all utilities and obtain utility approval of staked locations Submit utility field
location tickets and forms

2. Tabulate horizontal and vertical survey coordinates of staked locations Coordinates
shall be consistent with control points established per the design Submit tabulated
survey coordinates
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3 02 INSTALLAnON

A. DrMing

1 Drilling Method Wells shall be drilled and installed in accordance with the methods
and procedures set forth in the design. The diameter of the hole shall permit the
placement of the Tolnunum thickness of sandpack. as specified in the design.

B Riser Pipe, Casing, and Screen

I Assembly All riser pipe, casing pipe, and screen shall be new and in good condition
before installation, and all joints and other accessory parts shall be securely fastened
in place Particular care shall be exercised to avoid damaging the screen, centralizers,
and riser pipe during installation and throughout all subsequent operations The
screen, and riser pipe shall be centered in the well hole and held securely in place
during placement of the sandpack using centralizers

2 joints Sections of the riser pipe shall be )omed. in accordance with the methods
specified in the design.

3 Installation The assembled screen and riser pipe shall be placed in the borehole in
such a manner as to avoid jarring impacts and to ensure that the assembly is not
damaged or misplaced Immediately after the installation of the well screen and riser
pipe, the depth of the well shall be measured The top of the riser pipe shall stick up
above ground level as indicated on the Drawings and be sealed after developmentby
installing a protective cap on the top

4 Alignment and Plumbness Each completed well shall be straight and plumb
Immediately before placing the sandpack and with top of riser fastened securely in a
vertical and horizontal position, alignment and plumbness surveys shall be conducted
by the Contractor The Contractor shall furnish all labor, tools, and equipment to
perform the tests required in the design

C Sandpack Placement

1 After the screen and riser pipe have been placed and plumbness and ahgnment
surveys are conducted, the sandpack shall be placed around the screen in such a
manner as to ensure uniform placement around the screen. The sandpack material
shall be placed in one continuous run. Sandpack. shall be installed over the depths
and at the thickness required by the design Material that may have entered the well
screen and riser pipe shall be removed before development of the well is commenced

D Cement-Bentonite Grout Placement

1 Upon completion of sandpack placement, the Contractor shall determine that the
sandpack extends to the correct elevation Then the Contractor shall seal the annular
space between the casing and the drill hole wall with a bentonite pellet seal and a
cement-bentonite seal as set forth in the design.
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E Well Development

1 Development of wells shall consist of pumping to create flow from the well and
bailing to remove silts Development of the well shall be continued until water
entering the well during pumping is visually clear Well development procedures
shall be performed ass set forth in the design

F Decontamination and Materials Disposal

1. Drill cuttings, groundwater, and other wastes generated during well installation
development, and testing shall be handled in accordance with the requirements of the
design.

2. All downhole drilling, sampling, and hydraulic testing equipment shall be
decontaminated before use at the site and following use at the site

G Survey Locations

I Following installation, provide horizontal and vertical survey control for all wells in
accordance with the requirements of the design.

3 03 CONSTRUCTION QUAL= CONTROL

A- The Contractor shall establish and maintain quality control for all well construction and
development to assure compliance with contract requirements The Contractor shall
maintain records of quality control for all operations

- END OF SECUON -
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Dhfision 3

CONCRETE

To Be Completed During Design



Division 4

MASONRY

To Be Completed During Design



Dhdsion 5

METALS

To Be Completed During Design



Division 6

WOOD AND PLASTICS

To Be Completed During Design



Dhdsion 7

THERMAL AND MOISTURE PROTECTION

To Be Completed During Design



Dhdsion 8

DOORS AND WINDOWS

To Be Completed During Design



Dhdsion 9

PROTECTIVE COATINGS

To Be Completed During Design



Dhdslon 10

SPECIALTIES

To Be Completed During Design



Division I I

EQUIPMEHT

To be Completed During Design



Dhdsion 12

FURNISHINGS

To Be Completed During Design



Division 13

SPECIAL CONSTRUCTION

To Re Completed During Design



Division 14

CONVEYANCE SYSTEMS

To Be Completed During Design



Division IS

MECHANICAL



SECT[ON 15050 PIPING SYSTEMS - GENERAL

PART1 GENERAL

1 01 SUMMARY

A- Section Includes

1 Piping system general requirements

2. Piping identification

3 Testing piping systems

4 The Contractor shall furnish all labor, materials tools, equipment, supervision,
trýansportation, and other services necessary to complete the construction of all
facilities and systems incorporating piping and related appurtenances and all subsid-
iary Work required to complete such Work. The Work shall be carried out in accor-
dance with these Specifications, the CQA Plan, the Drawings, and other Contract
Documents

102 REFERENCES

A- Standards Referenced in This Section

I ANSI A13 1-81 Scheme for the Identification of Piping Systems

2 MIL-STD-81OC(197b) Environmental Test Methods

3 UPC (1985) Umform Plumbing Code

1 03 DEFINIT1ONS

A Pressure terms used m flus Section and elsewhere in Ditvision 15, Mechanical, are
defined as follows

1 Maximum pressure The greatest continuous pressure at which the piping system
will operate

2 Test pressure The hydrostatic pressure used to determine whether piping system
meets specified requirements

1 04 SUBMITTALS

A Subrruttals required for piping systems may include the following information (submittal
requirements will be developed during design)

1 Layout Drawings showing the location and size of a-d pipe, fittings, valves, and thrust
restraints
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2 Details of connections or mterfaces between pipes of different materials

3 Details of connections to new and emsting structures

4 Details of flexible connections

5 Details of fittings and angles

6 Details of )omts and gaskets

B Quality Control Submittals

1. Submit Manufacturers' design data, test reports, certificates, and instructions for
mstallation and operation of pipe, fittings, and valves

2 Record of piping system tests including date of test, signature of Owner's Representa-
tive witnessmg the test, and statement of test performance

C Pro)ect Record Documents

1 Record Drawings

1 05 QUALITY ASSURANCE

A Piping system identification shall conform to ANSI A13 1

PART 2 PRODUCTS

2 01 GENERAL REQUIRMAENTS

A Piping Systems

1 Unless otherwise specified, piping systems and materials including pipe, gaskets,
fittings, joint assemblies, linings, and coatings shall conform to Specifications for
each type of pipe and piping appurtenance specified in other related Sections

2 Flanged Connections Use proper length bolts for each size flange Bolts with
excessive length of exposed threads will not be pernutted and will be replaced or cut
to correct length at the Contractor's expense

3 Unions shall be installed m all piping connections to equipment, regulating valves,
and wherever necessary for dismantling of piping or removal of valves and other
items requumg maintenance Flanges on equipment may be considered as unions,
unless otherwise indicated on Drawings Provide dielectric unions at connections of
dissimilar metals

4 Copper tubing shall be cut so that ends are square Thoroughly clean sockets and
ends of tubing before soldermg Heat jomts umformlyto proper temperature so that
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solder will flow to all parts Where solder joint valves are provided with composition
discs, remove discs before soldering

5 Pump Strainers Furnish and install temporary pump strainers for initial unit start-up
where permanent strainers are not provided Temporary strainers shall be removed
by the start-up crew after cleaning and flushing systems and run-in of equipment,
and before general tightness test.

6 Cleaning and Protecting Exercise reasonable care to prevent entry of foreign matter
during handling, assembling, and erecting Use compressed air, wue brush, Solvent,
and other acceptable means to remove residual scale, dirt and other foreign matter
from interior of piping before final connections are made Protect open ends of pipe
by capping, plugging or other acceptable means

B UNDERGROUND PIPING SYSTEMS

I General

a The underground installation of any piping system, using any piping material
(steel, concrete, cast iron, plastics, clay, etc ) shall satisfy the Codes and Regula-
tions of the authorities having 3unsdiction at the site If no such Codes or
Regulations exist, the ANSI Standards or recoyn m endations of the Manufacturers,
Manufacturers' associations, or other technical organizations involved in the
manufacturing, fabrication, installation or utilization of the specific piping
material, as mcbcated in the applicable Specification, shall govern-

b If tunrieling or 3acking is required, the subcontractor shall submit to the Owner's
Representative the details of the construction method that he prefers and secure
approval from the Owner's Representative prior to beginning the Work.

2 Excavating and Trenching

a Safeguards. Provide, erect, maintain, and later remove temporary safeguards
such as bamcades, bridges, guard rails, signs, lights, and flares for protection of
personnel, the public, equipment, and materials as Owner's Representative
directs and as required by federal, state, and local codes and ordinances

b Retaining Excavations Provide shoring, sheeting, and bracing necessary to
retain excavations, maintain banks securely, w-Athstand water pressure, prevent
cave-ins, and protect life and property As backfilling proceeds, remove shoring,
sheeting. and bracing in a manner to prevent damage or disturbance to the
construction and surrounding areas -

c Dimensions Run trenches straight at required elevations and dimensions Keep
width of trench at pipe level to a minimum, allowing adequate space for laying
pipe, constructing underground structures, and inspection- Where materials are
removed below required elevations, place and compact fill as specified to correct
elevations
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d Portions of the site contain potentially contaminated materials In areas where
contaminants are present, special procedures as described in the Contractor
Health and Safety Plan shall be followed to protect personnel and avoid further
contamination of the site or equipment The Contractor will be advised of the
location of potentially contaminated areas by the Owner's Representative.

e Excavation, removal, disposal, or stockpiling of contaminated materials shall
conform to the requirements of the Health and Safety Plan Contaminated soil
will be designated by the Owner's Representative Owner's Representative win
be responsible for arranging for chamatenzaltion, storage, and final disposal as
required

f Suitable Bearing Where un inta le material is exposed at completion of
planned excavation, perform further excavation as directed by the Owner's
Representativeuntil sintablebearingis reached Place and compact fill as
specified herein to correct elevations It is assumed that materials at the job site
can be excavated by hand labor or with normal equipment such as a trencher,
backhoe, or power shovel

g. Water Removal Maintain grades to promote water drainage Provide and
operate equipment to keep excavations and construction areas free of subsurface,
surface and storm water Provide necessary diversion ditches for dewatering
systems Dispose of water as required so construction and storage areas, streets,
roads, and other surfaces are not flooded Water removal shall be performed as
described in the Health and Safety Plan if the area is designated potentially
contaminated by the Owner's Representative

h. Excavating Under Foundations Obtain the Engineer's approval before exca-
vating under footings or other foundations, or within a 45 degree slope from
horizontal plane at bottom of same Stability of such foundations must be
ensured by means directed by the Owner's Representative

I Material Storage and Disposal Selected excavated materials that are to be
reused shall be classified and stockpiled separately Dispose of un in able and
excess material and debris as directed by the Owner's Representative

3 Pipe Laying

a General

(1) Pipe laying in trenches shall follow excavation as closely as possible Pipe
to be located underground shall he laid in dry trenches maintained free of
accumulated water

(2) Carefully inspect pipe and fittings before installation. Items that are cracked
or otherwise defective shall be rejected, broken, and removed from the site
immediately
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(3) Lay pipe in such a manner that bottom of pipe is uniformly supported in
firm pipe bedding material as shown in the Drawings Fill areas excavated
to lower than planned elevations with bedding material

(4) Where the frost line has penetrated the soil prior to backfilling, the soil shall
be thawed out prior to backfilling Backfill must be free of frozen material

(5) Sleeves/Encasementfor Piping Where required by Drawings, to accommo-
date passage of piping services under roads or elsewhere, fi3rmsh and install
pipe sleeves of size and material noted Place a steel plate cut to closely fit
pipe at each end of sleeve before backfillmg Concrete cradles, arches or
full encasements shall be provided as detailed on Drawings

(6) Cleanin and Protecting Clean piping interior of dirt and other foreign
matter For bell and spigot pipe, keep a ,,wab in the line and pull it past
each joint after its completion Protect open ends of pipe with temporary
stoppers oi covers

(7) Owner's Representative must sign off on installation of all underground
piping systems prior to backfilling

4 Filling, Backfillmg, and Compacting

a. Fill and Backfill Materials Use approved materials as outlined Provide fill
suitable for required compaction and free of debris, organic material, large rocks,
frozen matter, and excessive moisture or dryness

2 02 PIPE AND VALVE IIDENTIFICAUON

Aý Piping Identification

1. Pipe Markers

a Pipe markers shall be as manufactured by Seton Name Plate Corporation or
Owner's Representative approved equal.

b Pipe identification shall include individual vinyl letters and numbers that adhere
to blank pipe markers Blank pipe markers shall adhere directly to pipe

c Pipe markers style numbers PMLN1, PNILN2

d Blank pipe marker style numbers. DDBLNK, AABLNK, OPT12B.

e. Pipe markers shall include uni- and bidirectional arrows in the same sizes as the
legend.

f Arrow style numbers will be identified during design,
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2 Underground Warning Tape--Plastic

a Tape shall be 6-1n. wide, 4 mil, acid- and alkah-resistant polyethylene

b. Tape shall be suitable for direct burial.

c A message shall be printed on the tape and read - BURIED
BELOW' with bold letters approximately 2-in. high. The message shall be
printed at maximum intervals of 2 ft.

d The blank space in the message shall include identification of the buried utihty
hue or pipeline

3 Underground Warning Tape--Metalhc

a. Printed polyethylene tape with a metallic core for detection of nonmetal pipes
and cables

b Polyethylene material, tape, and message shall be as specified in
subparagraph 2 02, A-2 of this Section.

B Valve Identification

I Identify valves by letter and valve number Identification shall be peal-off vinyl
letters or as required in the design

PART 3 EXECUnON

3.01 PREPARATION

A Protection and surface preparation of piping identification materials and adhered surfaces
shall be in accordance with Manufacturer's instructions

3 02 INSTALLATION

A. Piping Systems

I Unions shall be installed where required for pipmg or equipment installatdon, even
though they may not be shown on Drawings Install unions in piping systems
wherever they will expedite removal of equipment and valves.

2 Changes in location of equipment or piping, advisable in the opinion of Contractor,
shall be submitted to Owner's Representative for acceptance before proceeding with
Work. All measurements and dimensions shall be verified at the site

3 Where schematic chagrams are used to show piping connections, Contractor is
cautioned that these diagrams shall not be used for obtaining quantties
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4 All pipe flanges shall be set level, plumb, and aligned Fittings shall be true and
perpendicular to the axis of the pipe Bolt holes in. flanges shall straddle vertical
centerline of pipes

5 Where invert elevations are shown on Drawings, Contractor shall lay the pipe in a
straight grade between these points

6 Locate piping and pipe supports so that they do not interfere with open accesses,
walkways, platforms, or with maintenance or disassembly of equipment

7 Piping shall be provided as shown on Drawings and as specified except for adjust-
ments to avoid architectural and structural features and shall be coordinated with
electrical construction

B Piping Identification

1 Pipe Markers

a After application of the specified coating and insulation systems, exposed piping,
interior and exterior, and piping in ceiling spaces, pipe chases, pipe galleries,
well vaults, and valve boxes shall be identifiecl with pipe markers and direction-
al arrows Pipe marking schedule will be developed during design

b Legend markers and directional arrows shall be located at each side of walls,
floors, and ceilings, at one side of each piece of equipment, at piping
intersections, and at approximately 20-ft centers

2 Underground Warning Tape--Plastic

a. A single line of tape as specified in this Section shall be provided 2 5 ft above
the centerhne of all buried ferrous pipe For ferrous pipelines buried 8 ft or
greater below firushed grade, Contractor shall provide a second line of tape
12 in. below fim shed grade, above and parallel to each buried pipe Tapeshall
be spread flat with message side up before backfilling

3 Underground Warning Tape-Metalhc

a Tape shall be buried 12 to 18 in. below grade and shall be above and parallel to
buried nonferrous and plastic-pipe pipelines For pipelines buried 8 ft or greater
below final grade, Contractor shall provide a second line of tape 2 5 ft above and
parallel to the buried pipe

3 03 FIELD QUALITY CONTROL

A. Tests/Inspection

I General

a The Contractor shall perform all cleaning, flushing, and testing including
conveyance of test water from Owner's Representative designated source to point

21907 708010

1130121995 Specs 15050-7



of use, and including all disposal thereof, complete and acceptable, for hydraulic
structures and appurtenant piping as specified herein and in accordance with the
requirements of the Contract Documents

b The Contractor shall submit-inuourn 48-hour advance written notice of its
proposed testing schedule for review and concurrence of the Owner's Representa-
tive The Contractor's proposed plans for water conveyance, control, and
disposal shall also be submitted in writing The Contractor shall submit a
description of all proposed test procedures to the Owner's Representative for
approval No testing shall be conducted until Owner's Representative's approval
of the test procedures is obtained

c Water for testing will be furnished by the Owner, however, the Contractor shall
make all necessary provisions for conveying the water from the Owner-
designated source to the points of use

d Piping shall be tested after installation but before backftlhng of underground
lines, and before insulation of aboveground piping

e Upon completion of piping installation, but before application of insulation
when required on exposed piping, Contractor shall test the piping systems
Pressures, media, and test durations shall be as specified Equipment that may
be damaged by the specified test conditions shall be isolated Testing shall be
performed using calibrated test gauges and calibrated volumetnc measuring
equipment to determine leakage rates Each test gauge shall be selected so that
the specified test pressure falls within the upper half of the range of the gauge

f Unless otherwise specified, testing, as specified herein, shall include existing
piping systems that connect with new pipe systems Existing pipe shall be
tested to the nearest existing valve Any piping that fails the test shall. be
repaired or replaced Repair and replacement of new piping shall be furnished
and paid for by Contractor at no expense to Owner

g Pipe system test record shall be submitted to Ownef s Representative Test
records shall include for each test

(1) Identification of piping system

(2) Testing medium

(3) Testing pressure and other appropriate test data

(4) Time of test

(5) Date of test approval

(6) Signature of test supervisor
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2. Liquid Systems

a Leakage shall be zero at the specified test pressure throughout the specified
duration for the systems tested Testing procedure and requirements will be
developed during design,

3.04 ADJUSTING/CLEANING

A. General

I Piping systems shall be cleaned following completion of testing and before connec-
tion to operating, control, regulating, or instrumentation equipment. Contractor may,
at its option, clean and test sections of buned or exposed piping systems Use of this
procedure, however, shall not waive the requirement for a full-Pressure test of the
completed system Unless specified otherwise, piping 12 in. in diameter and smaller
shall first be cleaned by pulling a tightly fitting cleaning ball or swab through the
system

B Temporary Screens

1 Upon completion of the cleanin , Contractor shall connect the piping systems to
related equipment Temporary screens of sizes to be determined during design shall
be inserted in pipelines at the suction of pumps and compressors

2. Temporary screens shall be provided with locator tabs that remain visible from the
outside when the screens are in place

3 Contractor shall maintain the screens during testing, start-up, and initial operating
phases Screens may be removed as required for performance tests Contractor shall
remove the temporary screens and make the final piping connections after the screens
have remained clean for at least 24 consecutive hours of operation Systems handling
solids are exempted

C Gas and Air Systems

1 Gas and air system piping 6 in. in diameter and smdEer shall be blown out, using air
or the testing medium specified Piping larger than 6 in shall be cleaned by having a
swab or "pig" drawn through the separate reaches of pipe After connection to the
equipment, it shall tben be blown out using the equipment.

2 Upon completion of cleaning, the piping shall be drained and dried with an air-
stream
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D laquid Systems

I After completion of cleanin , liquid systems shall be flushed with service water
With temporary screens in place, the liquid shall be circulated through the piping
system using connected equipment for a TniniTnum period to be determined during
design and until no debris is collected on the screens

- END OF SEMON -
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LIST OF ACRONYMS



"pendix P

ANSI American National Standards Institute

Army U S Department of the Army

ASA American Society of Agronomy, Inc:

ASTM American Society for Testing of Materials

CAMU Corrective Action Management Unit

CCR Code of Coloiado Regulations

CDD CAMU Designation Document

cm/s Centi rn eter per second

CQA Construction Quality Assurance

CSI Construction Specifications Institute

FFA Federal Facilities Agreement

FHWA U S Department of Transportation Federal Eaghways Administration

BLA Harding Lawson Associates

GCL Geosynthetic clay liner

harST'D Military standard

OSHA Occupational Safety and Health Administration

PMLN# Pipe marker style number

RMA Rocky Mountain Arsenal

State State of Colorado

UPC Uniform Plumbing Code

USCS Unified Soil Classification System

UV Ultraviolet

0 F Degrees Fahrenheit
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AppendixQ

The outline below has been prepared to describe the general content of the appendix Duringorafter

design, the outline should be reviewed for applicability and revised as necessary

10 Introduction

11 Purpose and Scope

1 2 Organization

20 Emergency Coordinators

30 Implementation of the Contingency Plan

31 Landfill Cells

3 11 Containment Failure or Failure Due to External Forces

3 1.2 Human Exposure

3 1 3 Reportable Quantities

32 Decontaininaton. Facilities

321 Containment Failure or Failure Due to External Forces

3 2 2 Human Exposure

3 2 3 Reportable Quantities

3 3 Basin F Waste Pile Drying Unit

3 3 1 Containment Failure or Failure Due to External Forces

3 3 2 Human Exposure

33 3 Reportable Quantities

34 Waste Staging/Consohdation Areas

341 Containment Failure or Failure Due to External Forces

3 4 2 Human Exposuxe

3 4 3 Reportable Quantities

40 Emergency Response Procedures

41 Preincident Phase (Preparedness)

42 Incident Phase

421 Notification
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4 2 2 Identification and Compatibility of Hazardous Wastes

423 Wind Rose

424 Assessment

425 Control Procedures

4 2 5 1 Fire and/or Explosion

4 2 5 2 Spills or Material Releases

43 Post-Incident Phase

43 1 Recording Procedures

43 2 Field Lavestigaton

433 Clean-up and/or Reconstruction/Modification

434 Resumption of Normal Operations

50 Responsibihtes of Incident Response Personnel

5 1 Emergency Coordinator

52 Field Incident Commander

5 3 Incident Safety Officer

54 Response Teams

60 Emergency Equipment

6 1 Fire Fightng Equipment

6 2 Spdl Control Equipment

7 0 E%acuaticn Plans

80 Ad-n-, tration of the Contingency Plan

90 Acronyms

100 References

Attachment 1 Emergency Contacts
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EXECUTIVE SUMMARY

This Site Feasibility report presents the results of the Material, Area, and Site Feasibility Studies

(FSs) performed by Harding Lawson Associates (HIA) in support of Task 9 3-0 3 FS Soils Support

Program at Rocky Mountain Arsenal (RMA) under contract with the U S Department of the Army

(Army) Task 93-03 supports the evaluaton of specific remedial alternatives presented in the

Proposed Final Detailed Analysis of Alternatves (DAA) (Ebasco, 1994)

The prim ary objective of Task 93-03 was to collect soil data in support of the DAA portion of the

Onpost Operable Unit at RMA and the Record of Decision (ROD) Task 93-03 was subdivided into

three separate subtasks Material, Area, and Site FSs The objectives of the three-fold FSs presented

in this report are to address issues concerning the implementability of constructing a hazardous

waste landfill at RMA. The objectives of each FS are described below

Material Feasibility Study

As stated above, the primary objective of the Material FS was to evaluate the suitability of onpost soil

for use as landh.11 liner and capping material To meet this objective, soil was collected from two

borrou areas identified in the Final FS Soils Support Program Report (HLA, 1995) Testfills 1 and 2

were constructed from soil excavated from the central portion of Section 20 and the southeast quarter

of Section 24, respectively The two testfills were constructed to evaluate the construction methods

necessary to achieve a permeability of less than I x 10' centimeters per second (cm/s) as required by

both state and federal regulations In situ permeability tests were performed on the testfills using

two testing techniques sealed double-ring infiltrometers (SDRIs) and two-stage borehole

permeameters(TSB) Laboratory permeability tests were conducted on soil samples collected from

the constructed testfills to further evaluate the permeability of the soil

One SDRI and five TSBs were installed and tested on each testfLU The hydraulic conductivity

computed for each SDRI was 118 x 10' cm/s from Tesffffl I and 8 30 x 10-s cm/s from Testfill 2
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Executive Summary

The average vertical hydraulic conductivity measured by the TSBs on the testfffls was

428x1O' cm/sfromTestfilli and 5 94xIO'cm/sforTestf1U2 Laboratory permeability tests and

geotechnical tests were performed on "undisturbed" Shelby tube soil samples collected from the

testfills after the SDRI and TSB monitoring was complete The average hydraulic conductivity

measured from the testfill soil samples was 5 6 x 10-8 cmIs from Testfill 1 and 3 04 x 10-8 cm/s from

Testfill 2

Based on the results presented in this report, the ob]ectLves of the Material FS were met The field

and laboratory test results indicate that onpost soil can be used to construct, caps and liners that meet

the required hydraulic conductivity of less than I x 10' cm/s

Area Feasibility Study

The primary ob3ective of the Area FS was to identify areas within RMA that are suitable for siting a

hazardous waste landfill based on current regulatory and institutional criteria. The following

activities were performed as part of the Area FS to identify areas suitable for a haze dous waste

landfill

Revieiving previous landfill siting studies at RMA

Re%n ewing current state and fedeTal landfill sitLng 'regulations and combining them with
instit-utionad landfill siting policies established by the Program Manager for Rocky Mountain
Arsenal (PNU?IiA) and the U S Fish and Wildlife Service (USFWS)

Performing a Geographic Information System (GIS) analysis to identify areas at RMA. that
meet the regulatory and institutonal suitabihty criteria

Based on the GIS analysis, an area of approximately 300 acres in the westem half of Secton 25 was

selected as the preferred landfill location at RMA. The selection was based on achieving the

following suitability criteria

Greater than 1000 feet from a Holocene fault

Outside the 100-year floodplain

Not within, salt formations
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No waste placed below or into surface water or groundwater

Notification if the landfill is placed within 5 miles of a runway

Not within a wetland

Not located in seismic unpact zone without demonstration

Not within un table area

Maximized protection from wind with precipitation catchment area

Isolation of waste from the public and environment

Reasonable assurance that the waste is isolated for 1000 yeais

Located within distance contiolled by the Amy to prevent adverse effects to public health

Noise levels within limits

Avoidance of sensitive habitats

Upon identification of the preferred area, the secondary objective of the Area FS was to obtain

adequate data regarding the geologic and geotechnical characteristics of the area After the area

within the western half of Section 25 was identified as suitable based on the regulatory and

institutional criteria, a geologic and geotechnical investigation was performed in the identified area

to

Lithologically log the core and geophysically log three deep (approximately 150-foot)
boreholes

Drill 30 shallow (approximately 50-foot) boreholes and lithologically log and collect soil
samples

Perform geotechnical. tests on the soil samples including particle size analysis, Atterberg
limits, natural moisture content, standard Proctor tests, remolded permeability, shear
strength, shrink and swell, and organic content

Geologic and geotechnical results indicate the identified area is conducive to construction of a

hazardous waste landfill with primarily alluvial clay and Denver Formaton claystone underlying the

site Bedrock sandstone units were mapped in the identified area, however, depending on the size of

the landfill required, areas where the sandstone units subcrop into the alluvium may be avoided
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Based on the geotechnical testing program, approximately 65 percent of the soil tested was classified

as clay, which indicates it may be suitable for use in the construction of the landfill liner and cap

Site Feasibility Study

The primary ob)ective of the Site FS was to evaluate whether a hazardous waste landfill of sufficient

capacity could be constructed in the area identified in the Area FS and meet pertinent federal, state,

and local regulatory requirements The Site FS also provided information regarding the conceptual

landfill models, design elements, construction costs, and schedules The Site FS included the

following evaluations

0 Waste types, volumes, and generation rates

0 Site-specific considerations and limitations

0 Conceptual landfill design alternatives

0 Evaluation and screening of alternatives

0 Facility layout It

0 Material quantities and availability

0 Construction and operation and maintenance (O&M) cost estimates and schedules

O&M plans

The results of each of these evaluations are discussed briefly below

Three conceptual landfill models were evaluated to account for potential variation of waste volumes

that may be generated on the basis of selected remedial action alternatives defined in the Proposed

Final DAA (Ebasco, 1994) The three conceptual models were based on 1 million, 2 3 million, and

6 million cubic yards (cy) of waste Waste volumes were increased by 20 percent to account for

intermittent waste cover for conceptual design purposes Waste generation rates were estimated to be

in the range of 98,000 cy to 1,100,000 cy of material per year without a funding limit, and 37,000 to

280,000 cy of material per year assuming a $100 million annual funding limit.
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Site-specific considerations such as climate, topography, geology, hydrogeology, and surface

hydrology should not significantly impact landfill construction Based on the geologic investigation,

no geologic hazard or environmentally sensitive areas were identified within the preferred siting area

Additional geologic and/or geotechnical studies will be required prior to final landfill siting and

design Denver Formation sandstone units are in contact with the alluvium. in the vicinity of the

landfill siting area and should be avoided if possible To maximi e the depth to groundwater

beneath the proposed landfill site, the landfill should be sited within the central portion of western

Section 25 Furthermore, to facilitate long-term monitorability, areas of groundwater mounding such

as in the southwest central portion of Section 25 should also be avoided

Conceptual design alternatives were developed for liner systems, leachate collection and removal

systems, gas management systems, and final cover systems Six conceptual liner system alternatives

and four final cover system alternatives were developed A leachate collection and removal system

consisting of 12 inches of sand with a 200-foot drainage length and 2 percent slope was proposed

Gas generation from landfilling of RMA waste is expected to be Tninirnal and may be managed using

a passive venting system

Conceptual liner and final cover alternatives were evaluated for effectiveness using the Hydrologic

Evaluaton of Landfi.11 Performance (FIELP) Model Version 3 and evaluated for cost by estimating the

unit cost on a square foot basis In the HELP model simulations system, the six liner alternatives

performed similarly Conceptual liner designs that included geosynthetc clay as the base layer

performed only slightly better than those with compacted clay or teftiary geomembrmehner as the

base As a result, the final screening of the conceptual liner designs should consider cost and

constructibility because performance results for conceptual liner desIgns are so similar Suallarly,

the performance results for cover alternatives indicate that final screening of the cover systems

should also consider cost and constnictibility since the four cover s ystems; evaluated performed

equally well Based on a unit cost comparison of the six liner systems and four cover systems
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I

evaluated, the liner and cover systems that use geosynthetic clay liners were found to be more cost-

effective

The overall landfill performance was also evaluated using the HELP model to assess the potential

effectiveness of the cover and hner systems The most cost-effective cover and liner systems were

used to estimate the long-term leachate product-ion from the landfill using worst-case conditions At

predicted leachate product rates, it would take from 1000 to 1200 years for soil water in the vadose

zone to move downward from the base of the landfill I foot.

The landfill facility layouts were evaluated for the three conceptual models The landfill footprint

areas for each conceptual model areas follows 19 acres (Conceptual Modell), 35 acres (Conceptual

Model 2), and 87 acres (Conceptual Model 3) The excavation depth for each landfill scenario was

assumed to be average of 3 0 feet below the existing ground surface, with a maximum. liner thickness

of 9 feet The excavation sideslopes were assumed to be 3 horizontal 1 vertical (3H.IV), and above

grade sideslopes were assumed to be 6H IV A final geotechnicalinvestigation should be performed

To refine and expand upon the testing and analyses presented in this report, and consider in its

analysis any changes from these conceptual models

Material quantities for low-permeability soil and structural fill soil used in landfill. liner and cover

system components were estimated and compared to the estimated available volumes of onpost

materials Conceptual Models 1, 2, and 3 required 270,000 cy, 510,000 cy, and 1,235,000 cy of clay

soil, respectively, and 296,000 cy, 640,000 cy, and 1,635,000 cy of structural fill soil, respectively

Based on the estimated volumes of onpost soil from borrow areas and the landfill excavation, it

appears that sufficient onpost soil exists to meet construction requirements for even the largest

landfiU (Conceptual Model 3)
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Construction and annual (O&M) cost estimates for three conceptual landfill models were prepared to

be accurate within plus 50 percent to minus 30 percent The estimated construction cost for

Conceptual Models 1, 2, and 3 are $12,500,000 ($12 50 per cy), $22,500,000 ($1LO 00 per cy), and

$52,500,000 ($9.00 per cy), respectively Estimates of annual O&M costs were made for each

conceptual model using both restricted and unrestricted funding sce-nanos The O&M costs range

:&om a high of approximately $1,487,000 per year for 12 years or $18 per cy of waste for Conceptual

Model I in the restricted fLmdlng scenario The lowest O&M costs correspond with Conceptual

Model 3 at approximately $4,460,000 per year for 9 years or $7 per cy of waste with unrestricted

funding Construction for cell development of an approximate 200,000-cy module that could be

applied to any of the three conceptual landfill models would take approximately 34 weeks to prepare

Based on the results of the Site FS presented in this report, it is feasible to construct a hazardous

waste landfill of sufficient capacity within the preferred site at RMA that would meet the applicable

federal, state, and local regulatory requirements Information provided in this report can be used for

rapid implementation of the preferred remedial alternative once the B OD is completed for RMA-
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1.0 INTRODUCTION

Tlus report fulfills; Data Requirement A004, a contract deliverable under Delivery Order 000 7 (Modifi-

caton to Task 93-03 Feasibility Study [FS1 Soils Support Program) of Contract DAAA05-92-D-0003

between Hardmg Lawson Associates (HLA) and the U S Department of the Army (Army) This

report was prepared by BLA at the direction of the Army for the sole use of the Army and the

signatories of the Federal Facilities Agreement (FFA) of Rocky Mountam Arsenal (RMA), the only

intended benefamanes of this work

1.1 Site Description, Task Objectives, and Report Organization

This report presents the results of the Task 93-03 Material, Area, and Site FS Based on evaluations

of the results provided, conclusions and recommendations are presented regardmg the materials,

area, and site for construction of an onsite hazardous waste landfill facility The site description,

task ob)eclaves, and report organization are discussed in the following subsections

1.2 Site Description

RMA is located m Commerce City, Colorado (see Figure 1.1) RMAwasestabhshedml942bythe

Army as a manufacturmg facility foi the production of chemical and incendiary munitions hfihtary,

mdustrial, and agricultural chenncals, primarily pesticides and herbicides, were also manufactured at

RMA bv several lessees from 1947 to 1982 The industrial waste hquid produced from operations

performed by the Army and its lessees was imlaally discharged to Basin A, an unlmed basm m

Section 36 Subsequently, liquid wastes were discharged to other unlined basms and, after 1956, to

Basin F, which was asphalt-hned Although solid wastes were disposed of primarily in Section 36,

other onpost. disposal sites were also used. Some of the basms, pits, bum sites, sewers, and

structures (buildings, pipes, and tanks) became sources of soil and groundwater contamination as a

result of spills, leaks, or other releases
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Introduction

1.2.1 Task Objectives

The prunary objective of Task 93-03 was to collect soil data in support of the Detailed Analysis of

Alternatives (DAA) portion of the Onpost Operable Unit at RMA and the Record of Decision (ROD)

The Proposed Final DAA completed by Ebasco in December 1994 presents the results of a multiyear,

multdisci.pline evaluation of specific remedial alternatives and their applicability to the known areas

and types of contamination at RMA Based on the proposed final version of the DAA, the preferred

alternative for remediation of the soils and structures at RMA includes construction of an onpost

hazardous waste landfill for containra ent of a portion of the contaminated material and capping other

areas of contamination in place The preferred alternative includes landfilling approximately

2,300,000 cubic yards of material-

The three-fold FSs presented in this report address many of the issues raised about the =plement-

ability of the preferred remedial alternative As described above, this portion of Task 93-03 was

subdivided into three separate subtasks: Matenal, Area, and Site FS The objectives of each subtask

are descnbed below

The pnmary objective of the Material FS was to evaluate whether onsite soil is suitable for use as

landfill liners and capping material based on field and laboratory tests The primary 6b]ectiveof the

Area FS was to identify areas within RMA suitable for siting a landfill based on current regulatory

and institutional anteria. Upon identificaton of the optimal site, the secondary objective of the

Area FS was to obtain adequate data regarding the geologic and geotechnical. characteristics of the

site to evaluate the feasibility of constructing a landfill in the emsting foundation materials The

p=ary objective of the Site FS was to identify an appropriate landfill site within the area identified

in the Area FS and provide information on conceptual landfill models, design elements, construction

costs, and schedules
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1.2.2 Report Organization

The remainder of this report is divided into seven sections Section 2 0 describes the technical

approach for the three-fold feasibility studies for Task 93-o.3 Section 3 0 (Material FS) presents the

results and conclusions of the test fill construction, and field and laboratory testing program

Section 4 0 presents the results of the Area FS, which identifies the most suitable location for an

onpost hazardous waste landfill at RMA based on previous studies, on-rent regulatory cnteria, and

institutional criteria. Results of an extensive geologic and geotechnical testing program performed

within the preferred area are also presented within Section 4 0 Section 5 0 presents the results of

the Site FS, which evaluates the feasibility of constructing a haza do-Lis waste landfill at RMA using

onpost materials Also included in Section 5 0 are discussions regarding landfill construction cost

estimates, construction schedules, and operation and maintenance (O&M) plans. Section 6 0 presents

a summary, conclusions, and recommendations based on the results presented in this report.

Section 7 0 is a hst of acronyms, and Section 8 0 is the bibliography

In addition to the main body of this report, several items related to the Task 93-03 FS have been

appended Appendix A presents testfill construction specificatons, ancl Appendix B presents testELII

construction photographs Testfill construction equipment is described in Appendix C Appendix D

presents the sealed double-ring inhItrometer and two stage borehole (,rSB) test data- Lithologic

boring logs are presented in Appendix E, and the boring locations and elevations are provided in

Appendix F Appendix G presents the geophysical logging data, and Appendix H presents the cost

estunates for the various conceptual models described in this report- The Final Work Plan for

material and Feasibility Studies Soil Support Program is provided as Appenchx I
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2.0 TECHNICAL APPROACH

This report presents the results of a study completed to evaluate the feasibility of siting and

constructinga hazardous waste landfill at RMA As stated previously, the evaluation was subdivided

into three feasibilitystudies (1) Material, (2) Area, and (3) Site This section describes the technical

approach used to accomplish the objectves established for each of the FSs Figure 2 1 presents a

report overview

2.1 Material Feasibility Study

The Material FS had two main ob)ectves (1) to evaluate the feasibility of using soil from onpost

borrow areas for use in the constructon of landfill liners and caps, and (2) to evaluate the construc-

ton specifications such as optimum lift thickness, soil moisture content, density, and compactive

effort necessary to achieve the required permeability of I X 10-7 centmeters per second (cm/s) for the

construction of landfill liners and caps To accomplish the stated objectves the following work

elements were completed

Geotechnical tests were performed on soil collected from two borrow areas identified in the
Final FS Soils Support Program Report (HIA, 1995a) as containing soils thought to be
suitable for construction of low-permeability soil liners and caps

Two testfills were constructed with soil excavated from the borrow areas to evaluate the
construction methods necessary to achieve the required permeability

In situ permeability tests were performed on the constructed testfills using two testng
techniques, sealed double-ring inhitrometers (SDRI) and two-stage borehole (TSB) permea-
meters

Laboratory permeability tests were conducted on soil samples collected from the constructed
testfills to further evaluate permeability

2.2 Area Feasibility Study

The Area FS was conducted to (1) identify areas at RMA that meet the current regulatory and

institutional landfill siting criteria, and (2) further evaluate the suitability of a preferred area through

geologic and geotechnical evaluations To identify areas suitable for the hazardous waste landfill at

RMA the following work elements were completed
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lechnical Approach

Previous landfiR siting studies conducted at IWA were reviewed with regard to current
Colorado landfill siting regulations

Regulatory and institutional landfill siting suitability criteria, such as locating the landfill
outside floodplains and avoiding sensitive habitats, were establishedbased on Current
regulatory and institutional requirements

Using the established siting suitability criteria, a Geographic Information System (GIS)
analysis was performed to identify areas at RMA that meet the suitability criteria

Limitatons to this study included the following

A fourth deep borehole was not drilled as originally scoped due to limited funding

No hydrogeologic field work was scoped for this program

No soil or groundwater chemical analyses were scoped for this program Geochemical
interpretations used for this report were based on previous studies performed at RMA

Once a preferred area was identified based on the GIS analysis, a geologic and geotechmcal.

investigation was performed at the preferred area The investigation was performed in the western

half of Section 25 and included drilling 33 boreholes, downhole geophysical logging, and geotechn-

ical property testing

2,3 Site Feasibility Study

The primary objective of the Site Feasibility Study was to determine whether a hazardous waste

landfill of sufficient capacity could be constructed at this site that would meet all applicable federal,

state, and local regulatory requirements

The study included a review and evaluation of the following

Evaluate waste types, volumes, and generation rates

Review regulatory criteria

Evaluate specific site considerations and limitations

Evaluate and screen landfill design alternatives and facility layouts

2-2 Harding Lawson Assodiates 21907 703030
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Estimate material quantites and costs

Prepare Construction cost estimates and schedules

Three conceptual landfill models wei e evaluated to account for various waste volumes depending on

the remedial action alternative selected for the RMA The waste volumes were considered to

represent minimiun, maxun=, and most probable
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3.0 KATERIAL FEASIBILITY STUDY

This section presents the results of the Material FS, which included ci testfill construction and a

permeability testing program The purpose of the Material FS program was to simulate construction

of a low-permeabihty soil cap or liner by constructing two testfills then testing the constructed

testfills to assess whether they meet the desired permeability of I x 10' cm/s

In summary, the Material Feasibility portion of the FS Soils Support Program had two main

objectves; (1) to verify that onpost soil from two distinct borrow areas are capable of meeting a

permeability of less than or equal to 1 x 10' cm/s (the required perme4bility of soils used as clay

caps or liners [6 Code of Colorado Regulations (CCR) 1007-2 2 5.3]) and (2) to evaluate the optimum

lift tbiclmess, moisture content, density, and compactive effort necessary to achieve the required

permeability Permeability of the constructed testfills was measured both in the field and in the

laboratory to evaluate the suitability of the materials and methodologyused to construct the testfills

The testfLUs were constructed in July and August 1994 generally following the procedures presented

in the Final Work Plan for Material and Area Feasibility Studies (HLA, 1994c) (see Appendix I) and

included in Appendix A- The testfills were constructed in the southwest quarter of Section 25

(Figure 3 1) Following completion of the testfills, one sealed double-ring infiltrometer (SDRI) and

five t-A o-stage borehole permeameters (TSBs) were installed on each testfill following installation

procedures provided by the manufactLrer and included in the Final Work Plan for Material and Area

FeasibihtyStuches(BLA,1994c) An HLA geotechnicalengmeer and a engineenngtechm

provided construction observation and geotechnical testing required during installaton. Data

collection and data reduction of thLe SDRI and TSB testing equipment were performed by BLA in

August, September, and October 1994 The followmg sections describe in detail. the work elements

performed in the Material FS
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Material Feasibility Study

3.1 Borrow Material Excavation and Geotechnical Testing

This section describes the excavation and geotechmcal testing of borrow material used in the

construction of the testfills Figure 3 1 illustrates the two borrow areas used to supply the required

volume of clay soil The borrow areas were identified in the Final FS Soils Support Program Report

(HLA, 1995a) to contain suitable borrow material The borrow areas were approved by the United

States Fish and Wildlife Service (USFWS) for excavation provided the areas were reseeded following

excavation This section presents the borrow material excavation procedures along wrffi the

geotechmcal test results of analyses performed on the borrow material

3.1.1 Borrow Material Excavation and Borrow Pit Closure

Topsoil was stripped from the borrow areas prior to excavation of the testfill material The topsoil

was stockpiled adjacent to the respective borrow pits Borrowmatenal was visually inspected prior

to transport- Scrapers, a front-end loader, and 20-cubic-yard dump trucks were used to excavate and

transport the borrow material to the testfill construction stockpile areas Upon completion of the

excavations, borrow pit closure was accomplished by grading the borrow pit area, covering the

affected area with the stockpiled topsoil, and reseeding

Excavation and reseeding specifications are provided in Appendix A, Testfill Construction Specifica-

tions Photographs A and B in Appendix B illustrate the excavation and reseeding operations

performed

3.1.2 Geotechnical Testing of Borrow Material

Geotechnical laboratory tests were performed on samples collected from borings near the borrow pits

and from samples collected from the excavation pits Results from the tests are presented in

Table 3 1 The laboratory testing program included gram size analysis (American Somety for Testing

and Materials [ASTK D422), Atterberg limits (ASTM D4318), and standard Proctor compaction tests

(ASTMD698) The compaction test results were used to identify the optimum moisture content and
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maximum dry density of the soil used for construction of the two testfills Further discussion of the

testfill construction specifications is presented in Section 3.2

Soil excavated from Borrow Area A was used in the construction of Iestfill 2 Soil from Borrow

Area A was classified as inorganic clays with low to high plasticity (Table 3 1) The Atterberg tests

indicate liquid limits ranging from 46 to 5.5 and plasticity indices (PI) ranging from 25 to 33 The

percent passing the No 200 sieve ranged from 70 9 to 81 65 The average maximum. dry density and

optimum moisture content, as determined by the standard Proctor compaction test, were

102 8 pounds per cubic foot (pcf) and 19 0 percent, respectively

Borrow Area B was subdivided into two subareas, Bi and B2 Following visual inspection of the

borrow pit, the soil in Borrow Area BI was not used in the construction of the testfill because of

observed calcium carbonate content of the soil Calcium carbonate content greater than approxi-

mately 5 percent in soil is not recorn rn ended for use as low-permeability liner or cap material

because of the potential for dissolution and subsequent increased permeability Soil used in the

construction of Testfill I was excavated from Borrow Area B2

The soils from Borro%% Area B2 are classified as inorganic clay with low to high plasticity (Table 3 1)

The Atteroerg tests mchcate liquid limits rangmg from 44 to 55 and PI ranging from 23 to 31 The

percent passing the No 200 sieve ranged from 59 8 to 65 3 The average maximum dry density and

optimum moisture content as determined by the standard Proctor density test, were 102 3 pcf and

19 3 percent. respectively

As indicated by the sieve analysis results, the difference between the material excavated from the two

borrow areas was that the material from Borrow Area B had a higher sand content than the samples

from Borrow Area A- On average, the material from Borrow Area B had approximately 10 percent

more very fine7gramed sand This increased sand content helped facilitate the moisture conditioning
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0

process The sandier soil from Borrow Area B2 was able to uptake the added moisture more rapidly

than the material fiom Borrow Area A This resulted m more rapid soil processing and therefore

increased construction rates

3.2 Testfill Construction

This section describes the equipment and procedures used to complete the construction of the two

testfills Each testfill is approximately 100 feet long by 40 feet wide at the top (Figure 3 23 and

consist of a 3-foot-thick clay test layer, underlain by a 6-inch working layer constructed over a

prepared subgrade Each testfill slopes uniformly to one side at approximately 2 percent

3.2.1 Processing and Testfill Area Preparation

The soil processing areas were used to stockpile soil, break up the soil to reduce clod size, and

moisture condition the soil before placement on the testfills The processing and testfill areas were

prepared following the specifications included in Appendix A In summary, the followmgproce-

dures were followed

The processing and testfill construction areas were stripped of topsoil The topsoil was stockpiled

ad)acent to the processing areas The surface of the processing areas was smoothed (proof-rolled)

with the pneumatic tires of the front-end loader The testfill subgrades were graded to slope

approxirnateIN, 2 percent in a northerly direction, compacted with the wedge-foot roller, scanfied, and

proof-rolied Photographs C and D (Appendix B) illustrate the preparation procedures

Four gram size analyses were performed on the testfill area subgrade material to evaluate potential

for hydraulic head build-up at the interface between the first lift of the testfill and the subgrade

Head build-up at the base of the testfill could adversely affect the in situ permeability test results

(SDRI) by creating an infiltration barrier The grain size analyses indicate the material is a silty sand

(SM according to the Unified Soil Classification System [USCS]) Head build-up at the base of the

testfill at the subgrade interface was considered unlikely because of the higher permeability of the
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silty sand To avoid further surface tension and capillary effects on the downward infiltration

through the testfills, the subgrade was thoroughly wetted to a depth of I foot prior to placement of

the first testfil]. layer (working layer)

3.2.2 Soil Processing

Soil processing, including clod size reduction, moisture conditioning, blending, and curing, was

completed prior to testfiR lift compaction generally following the specifications in Append-ix A The

soil processing was performed both in the processing area and on the test pad In general, optimum

construction performance was achie-ved when the bulk of the moisture conditioning was performed

in the processing area and final moisture conditioning was performed on the test pad

Initially, soil processing activities were performed with a bulldozer, tiller, and a water tuck It was

observed that this process was time consuming and only marginally effective Photograph E in

Appendix B illustrates the initial processing procedures Because moisture conditioning using the

tLUer was not adequate to acbleve the uniform moisture content required prior to hft compaction, a

Caterpillar SS-250 was used for soil processing Photograph F illustrates soil processing using the

pulvamixer The testfill construction equipment specifications are presented in Appendix C

3.2.3 Final Subgrade Preparation and Working Layer Placement

The testfiEs were constructed on a foundation of in situ sandy soils as described in Section 3 2 1 A

6-mch-thick clay working layer was placed above the prepared subgrade The working layer had a

6-inch compacted hft thackness The working layer surface was scanfied using the track of the dozer

to facilitate hft bonding to the first hft of the testfill

Compaction and moisture content of the working layer was measured in the field using a nuclear

density gauge (ASTM Methods D2922 and D3017) The relative compaction of the working layers

ranged from 96 1 to 99 8 percent in Testfill 1 and from 95 9 to 99 5 in Testfil]. 2 The moisture
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content of the completed working layers ranged from 19 96 to 2145 percent in Testfill I and 20 7 to

21 3 percent in Testfill 2 A summary of the density test data is presented in Tables 3 2 and 3 3

3.2.4 TesWill Lift Placement

Upon completion of the working layer, placement of the testfill lifts was initiated The following

procedures were used during construction of the testfills (Listed photographs can be found in

Appendix B )

I Prior to placement of each successive lift, the surface of the previous lift was scarified using
the track of the dozer to a depth of approximately 2- to 3-inclaes. to achieve proper bonding
between lifts The surface was moisture conditioned as necessary to prevent desiccation of
thLesoils; Also, the elevation of the surface was measured using a surveyors' level and rod
(Photograph G)

2 Lifts were placed on the testfills in 9-inch loose lifts using the front-end loader and a dozer
(Photograph H)

3 The soils were blended, moisture conditioned, and clod size was reduced using the pulva-
mixer (Photographs I)

4 Prior to compaction, the moisture content of the loose lift was measured using the nuclear
gauge

5 The lifts were compacted using a Caterpillar 815C compactor The lifts were compacted in
ad3acent longitudinal passes One roller pass was defined as a trip up and a trip back the
length of the testfill Each consecutive pass was offset the width of the roller The entire
surface o- the lift was compacted with a total of two passes per lift (Photograph J)

6 Compaction and moisture content of each lift were measured using the nuclear density gauge
For cozi--mation soil samples were collected at each location and tested using ASTM D2216,
an c% en -cnmg methodology

7 1f the test results mchcated that the lift did not achieve the construction specifications
(95 percen* relative compaction and 1 to 4 percent wet of the optimum moisture content) the
ILft %% as reolended and moisture conditioned using the pulvamixer and recompacted using the
compacto- as descnbed above

8 Folio-vving compaction of the final lift, the surface was bladed smooth to approximately
2 percent of grade to provide for proper surface drainage The surface was then completed
with steel-wheel roller passes across the entire surface (Photograph K)

9 Throughout the construction, and upon completion of the testfill, plastic tarps were placed
over the testfills to reduce the potential for desiccation of the clay soil (Photograph L)

3-6 Harding Lawson Associates 21907 703030
1208040695 LSF



Material Feasibility Study

3.2.5 Testfill Completion

The testEffis were completed using a smooth-drum roller to provide a smooth, uniform surface as

described above Furthermore, to prevent desiccation of the testfill, topsoil was placed across the

entire surface of the test pad except for the 12-foot by 12-foot area sealed with a tarp where the SDRI

test was to be installed (Photograph IVý

3.3 Field and Laboratory Permeability Testing Programs

The following section presents an overview of the field and laboratory permeability testing program

used to evaluate the in situ hydraulic conductivity of the clay testfills One SDRI and five TSB

permeameter tests were performed at each testfill Figure 3.3 illustrates the SDRI, TSB, and labora-

tory permeability testing sample locations

3.3.1 Sealed Doubleffing Infiltrometer Test Method Description

The SDRI test measures the vertical infiltration rate of water through the constructed testfills The
31

SDRIs are specifically designed to measure low infiltration rates in the range of I x 10-5 to

ixio'cm/s Based on previous laboratory results (BLA, 1995a), the -remolded permeability of the

soil at 95 percent of maximum dry density and at approximately 4 percent above optimum moisture

content (ASTM D698) at the proposed borrow areas ranges from 4 80 x 10-8 to 198 x 10-S cmIs

A detailed summary of the SDR1 test method was provided in Appendix A of the Final Work Plan for

Material and Area Feasibility Studies (HLA, 1994c) (Appendix ý along with the manufacturer's

installabon and operatinginstructions A synopsis of the test method from the installation follows

The SDRI consists of 12-foot by 12-foot outer ring and a 5-foot by 5-foot sealed inner ring
(Figure 3 4)

The rings are grouted within the trench excavated into the top of the testfill.

The outer ring is installed at 14 to 18 inches below the ground surface (bgs).

The inner ring is installed at 4 to 6 inches bgs

The areas between both rings are filled with water (the outer ring to a depth of 12 inches,
which completely submerges the inner ring)
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The flow of water in the SDRI is monitored by filling a flexible bag with a known weight of water

and connecting the bag to a port on the inner ring As the water infiltrates the ground and leaves the

sealed inner ring, it is replaced with an equal amount of water drawn in from the flexible bag After

a specified tune interval, the flexible bag is removed and weighed The weight loss is then converted

into milliliters of water that have infiltrated into the testfill Infiltration rate is calculated using an

equation with the following parameters the volume of water loss, the area of the inner ring, and the

interval of time that the bag was connected onto the inner ring The tests are monitored until the

infiltration rate reaches a steady state Upon completion, a plot of the infiltration rate over time is

prepared For the purposes of this test, the specified permeability value to be achieved is less than

I x10 7 CMIS

3.3.2 Sealed Double-Ring Infiltrometer Installation and Monitoring

The SDRIs were installed 1 rn rn ediately following completion of the testfills between August 5 and

August 9, 1994 The SDRIs were installed under the direction of the installation subcontractor,

Mr Steve Trautwein of Trautwein Soil Testing Equipment (manufacturer of the SDRIs) Photographs

(N through P) of the SDRI installation are included in Appendix B

SDRI monitoring was conducted between August 10, 1994, to November 11, 1994 SDRImonitoring

procedures included flow measurements, water temperature readings, water-level measurements,

swell measurements, and tensiometerreadings In general, the readings were taken on a daily basis

until the infiltration rate slowed sufficiently to allow measurements to be collected once every

several days The readings were taken by field personnel trained and experienced in taking SDRI

measurements The readings were recorded in field logbooks and then transferred onto the SDRI

data forms (Appendix D) Plots of the infiltration rate and hydraulic conductivity were evaluated

concurrently with the testing to identify when the test could be terminated
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3.3.3 Sealed Double-Ring Infiltrometer Data Reduction and Evaluation

Data were reduced and evaluated by transfen=g the field measurements recorded on the data forms

to computer spreadsheets for ease of computation The infiltration rate was calculated using the

following equation

I - Q/(At)

where

I = infiltration in cm/s

Q = volume of flow m cubic cm

A - area of flow in square cm

t = time interval in seconds

The hydraulic conductivity within the SDFJ is calculated using the following equation

k = Q/(lAt)

where

k - hydraulic conductivity in cm/s

Q = volume of flow in cubic cm

t = time interval in which Q was determined in seconds

I = AWAs (gradient) dimensionless

Ali = head loss

As = length of flow path for which Ah is measured

A = area of flow in square cin

since,

I = Q/(At)

then,

k I/i
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The calculation of k depends on calculating a value for the gradient (1). Unlike the calculations for I

and k, the calculation of i is not straightforward The parameters used to calculate the gradient are

as follows

I = (H+D+Hs)/D

where

H - depth of water ponded in rings

D - depth to the wetting front

Hs = suction at the wetting front

There are differing opinions on what value should be used for Hs One view is that Hs should be

equal to the ambient suction in the soil below the wetting front. The ambient suction can be

measured with tensiometers Values of Hs can be as high as 275 inches of water Another view is

that Hs should be equal to zero, 1 e , the suction in the soil at the wetting front has no influence on

the infiltration rate Hence, if the position to the wetting front is known, the gradient is simply

(H + D) / D

At the SDRI manufacturer's suggestion, the second view (Hs = 0) was used in this study Assuming

Hs = 0, yields a close appro)aTnation to the actual gradient Measurements made at several sites

have shown that the drop in infiltration rate versus tune can be accounted for by the increase in D as

the výetting front moves through the soil If suction had an influence, a much larger decrease in the

infiltration rate,%% ould have occurred

If suction near the wetting front has an influence on the infiltration rate, then the hydraulic

conductivity calculated assuming Hs equals zero is a conservative estimate, i e , the actual hydraulic

conductivity will be less
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3.3.3.1 Factors tJ2at Affect Flow Measurements

Two factors that can have a significant effect on the measured amount of flow are temperature

changes and swelling of the soil The total flow (Q) measured is the sum of the following

Q = 0ý + 0. +

where

flow due to infiltration

flow due to swell

flow due to temperature changes

When calculating hydraulic conductivity, the inhitration rate used should correspond to Q The

infiltration rate corrected for swell and temperature changes is calmdated as follows

I = Q/At

where

Q = Q-Q.-QI

If either Q or Q are significant, greal er than 10 percent of 0, then Q should be used to determine I

Procedures for measuring Q and Q are discussed below

3.3.3.2 Temperature Effects

Flow corresponding to Q results from temperature changes that cause the inner ring and the water

contained within it to undergo a volume change Measurements have shown that for an inner ring of

the type used in this project, a 1 degree Fahrenheit (OF) change can amount to 15 -milliliter (ml) to

30 nil of flow in or out of the ring If the temperature rises, the net effect of inner ring and water

expansion is to expel water from the inner ring Sunilarly, water is drawn into the inner ring if the

temperature decreases

For this pro)ect, temperature effects were minimized by following the manufacturer's monitoring

procedures Measurements were taken at approximately the same time each day to e
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temperature effects When temperature changes were unavoidable due to changing weather patterns,

measurements were collected for several days at a new baseline water temperature

3.3.3.3 Swell Effects

The remaining portion of flow to consider is Q, the flow due to soil swell The process of water

infiltrating an unsaturated swelling soil is complex and difficult to analyze Presently, there is no

accepted procedure to account for the effect of soil swell on the infiltration rate The SDRI manufac-

turer believes, however, that a close estimate of 0, can be obtained as follows First, it is assumed

that any volume change that occurs is vertical Second, it is assumed that the additional volume

generated by the swelling soil is filled with water that infiltrated the soil Based on these two

assumptions

Q - AhxA

where

Ah = vertical swell of soil beneath inner ring

A = area of inner ring

Once the wetting front passes below the bottom of the inner ring, swelling of the soil will cause the

ring to rise The rise of the inner ring, Ah, was measured as discussed in the instruction manual

included in Appendix A of the Final Work Plan for Material and Area Feasibility Studies

(HLA, 1994c)

3.3.4 Two-Stage Borehole Permearneter Test Method Description

The TSB permeameter test measures the infiltration rate of water into the test medium through a

casedborehole The TSB test has been successful in evaluating both compacted and natural

materials with permeabilitiesas low as 1 x 10'cm/s (Boutwell, 1992) At RMA, the permeabihtyof

compacted soil from the two borrow areas ranges from 3 02 x 10'9 to 8.24 x 10'4 cm/s (BIA, 1995a),

which corresponds to the TSB methodology in the measurement capabilites
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Five TSB permeameters were installed and monitored on each of the constructed tesfflUs Multiple

installations of the TSBs allow for statistical confidence and furthei verification of the hydraulic

conductivities measured by the SDRfs

A detailed summary of the TSB test method was provided in. Append-Ix B of the Final Work Plan for

Material and Area Feasibility Studies (HIA, 1994c) (Appendix ý A synopsis of the test method

follows

The TSB procedure is a falling-head infiltration. test conducted in a cased borehole that is
typically 4-inches in diameter (Figure 3 5)

The first stage of the test is performed with the bottom of the borehole flush with the bottom
of the casing

The first stage of the test provides data to calculate vertical permeability (Y,,)

The second stage of the text provides data to calculate horizontal permeability (Kh)

Stage I of the test provides a measurement of the maximum possible value for K, Stage 2 provides

a measurement of the Tni-niTnum possible value for Kh

The infiltration rate at the TSB is calculated by monitoring the flow of water into the soil from the

TSB The TSB is filled with water and as water flows out of the uncased bottom of the TSB, the

height of the water in a standpipe is measured (Figure 3 5) The infiltration rates are calculated over

the measurement period and plotted to illustrate infiltration rates overtime Further calculations are

used to estimate the apparent hydraulic conductivity of the material based on the infiltration rate

measurements

Temperature changes can affect the infiltration rate of water in the TSB Field measurements on

previous TSBs indicate that rising temperatures cause the water column to rise and the standpipe to

expand, thereby causing a lower apparent flow rate The net effect is a lower apparent permeability.

If the temperatures decrease, the converse is true One temperature effect gauge MG) was installed

21907 703030 Harding Lawson Associates 3-13
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and monitored on each test pad to measure the volume changes due to temperature changes over the

testing period

3.3.5 Two-Stage Borehole Installation and Monitoring

Five TSB permeameters were installed at each testfill (Figure 3 3) irn rn ediately following installation

of the SDRIs on August 10 and 11, 1994 The TSBs were installed following the manufacturer's

installation procedures under the direction of Mr Steve Trautwein. The boreholes were excavated

using a hand auger to the desired depth The bottoms of the holes were scanfied as directed

Polyvinyl chloride (PVC) casings were grouted in place, and the boreholes were completed with the

measurement standpipe and fill tube, as illustrated in Figure 3 5

TEGs were set up and installed similarly to the typical TSB with one exception, the bottom of the

casing was sealed with a cap Because there is no flow of water from the TEG, any changes in the

readings must be the result of changes in the ambient air temperature and/or barometric pressure it

Any changes noted in the TEGs are then used as correction factors to calculate the infiltration rate

using the equations described in Section 3 3 6

TSBs were monitored between August 17 and September 16, 1994 Monitoringincluded flow

measurements, water temperature readings, and TEG readings The readings were taken by field

personnel trained and experienced in TSB monitoring The readings were recorded in field logbooks

and then transferred onto the TSB data forms (Appendix D)

3.3.6 Two-Stage Borehole Data Reduction

For ease of computation, data were reduced and evaluated by transferring the field measurements

recorded on the data forms onto computer spreadsheets Apparent permeability for both Stage 1 and

Stage 2 of the TSB tests was calculated using the followmg falling-head test equations as specffied in

the test method calculations
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Stage I calculations (nomenclature for the various terms of the Stage I calculations is illustrated in

Figure 3 6)

Ki - RTGI Ln(H,/H,)/(t,-t,)

and

Gi - (77d2/11D,)[1+a(D,/4b,)]

where

d inner diameter (M) of standpipe

D, effective diameter of Stage I casing ID

b, depth of tested medium below bottom of casing

a - +1 for impervious boundary

a = 0 for infinite depth of tesled medium Cb, = mfinity)

a -1 for pervious lower boundary

k permeability in cm/s

H, = initial head at t = t,

H, = initial head at t = t,

t, = initial time

t, = final time

Ln = natural logarithm

R- = kinematic viscosity correctonto water at 680F as defined in ASTMD5084

Stage 2 calculations (nomenclature for the various terms of the Stage 2 calculations is illustrated in

Figure 3 6)

K2 - RT G2 Ln(li,/H,,)/(t,-t,)

and

G2 = (d'/16Lf) (Im[u(l, r, o)] + a Ln[u(i, r, 2bjjj

21907 703030 Harding Lawson Associates 3-15
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0

where

f 1-0 5623 Exp(-I 566 IJD)

L Length of Stage 2 cylinder below casing

u(I, ro, o) - ýIJD, + j I + (JJD2)2 12

u(1, ro, 2b,) - 4b2/D2 + LM2 + I + (4b2/D, + LID ')2

4b2/D2 - LD2 + 1 + (4b2/D2 - L/D2 )2

D2 - ED of Stage 2 extension

b2 - distance from center of Stage 2 extension to underlying boundary

Using the equations above, the apparent permeabihtes calculated during Stage I and Stage 2 were

plotted again t time The tests were terminated when either steady-state conditions or a close

approximation of steady-state conditions were achieved. Test termination criteria outlined in

Boutwell (1992) are as follows

The tune-weighted averages do not show an upwards or downwards trend with tune

Test results do not fluctuate more than 10 to 20 percent among themselves

The time-weighted averages do not fluctuate more than 10 to 20 percent for 12 to 72 hours

Arithmetic time-weighted averages were calculated using the following equation

P - (TlKl)/(Ti)

here

IC - arithmetic time-weighted average permeability

Ti - time duration of test increment (i)

Ki - Permeability measured during test increment (i)

Throughout each stage of the tests, variations in apparent permeability were evaluated, and the test

was terroinated when steady-state conditions were achieved
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3.3.7 Laboratory Permeability Testing

Faghteen soil samples were collected from the completed testfWs for laboratory geotechmcal property

testing The samples were collected in 3-mch diameter Shelby tubes pushed into the testfills using a

drilling ng The samples were collected ad.)acent to TSB locations illustrated in Figure 3 3 Flexible

wall, falling head permeability tests (ASTM D5084) were performed on 6 samples Atterberghmits;

(ASTM D4318) and grain size analyses (ASTM D422) were performed on 12 samples The permeabil-

ity tests were performed for comparison with the in situ permeability tests (SDRI and TSB)

Atterberg limits and gram size tests were performed to verify the homogeneity of the individual

testfills Six samples wexe finther analyzed for unconsolidated, undrained, and consolidated

undramed shear strength analyses (ASTM D4767 and D2850).

3.4 Permeability Test Data Results

The following section presents the results of the field and laboratory permeability and geotechmcal

test results performed on the testfills

3.4.1 Sealed Double-Ring Infiltrometer Test Results

SDRI 1 and SDRI 2 were filled with water on August 10, 1994, and monitored for 81 days Original

data sheets and spreadsheet tables used for calculations are included in Appendix D The following

discussion summ anzes the test results

3.4.1.1 Infiftration

The infiltration rate was calculated according to procedures outlined in Section 3 3 3

Figures 3 7 and 3 8 illustrate the infiltraton rate for the 8i-day test period The initial infiltration

rates and the final infiltration rates are summarized below:

Inffitration Rate in cenhineters per second
SDRI Number Test Fill linhal Fiard

SDRI 1 1 4-24 x 10-7 1.03 x 10-8
SDRI 2 2 3.60 x 10-7 115 x 10-8
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3.4.1.2 Hydraulic Conductivity

Hydraulic conductivity (k) was calculated using the equations described in Sect-ion 3 3 3 The para-

meters required to calculate k mclude the infUtration rate divided by the hydraulic gradient The

hydraulic gTadient (1) was calculated by using the equation outlined in Section 3.3 3, which uses the

parameters of water depth and wetting front depth The depth to the wetting front was calculated

using the tensiometer data as described below

To calculate the wetting front within the testfills, the average values at each group of the tensionie-

ters is plotted overtime as shown in Figures 3.9 and 3 10 The plots were used to evaluate when the

wetting front reached the depths of 6, 12, and 18 inches by noting when the pressure on the tip of

the tensiometers dropped to below 10 The tensiometer gauge is at a higher elevation than the tip,

therefore, a positive gauge reading (less than 10) will be noted when the pressure at the tip is

actuallyzero A summary of the wetting front advancement with time through each testfill. is as

follows

Wetting Front Depth in Days

SDRI Number Test:FM 6 inches 12 inches 18 fitches

SDRI 1 1 9 55 Not attained
SDRI 2 2 10 40 Not attained

As noted in Fipues 3 9 and 3 10, the wetting front did not reach a depth of 18 inches within the

81 -da,, morwo-ing period Wetting front depths greater than 12 inches and less than 18 were

calculated b % l.ne ar extrapolation of the wetting front data It was assumed that the rate of advance-

ment of the wetting front depth beyond 12 inches was the same as the rate between 6 and 12 inches

The values of hydraulic conductivity computed for SDRI 1 and 2 are illustrated in Figures 3 7 and

3 8 As illustrated in the figures, the hydraulic conductivity decreased over the testing period and

reached a relatively steady-state condition approximately 18 days before the tests were terminated
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As a conservative measuie, the average hydraulic conductivity values were calculated for each test

pad over the last 33 days of the test and are as follows

SDRI Hydrauhc Conducbvity
Number TestfiR m centLmeters per second

SDRI i 1 1 18 x 10-8
SDRI 2 2 8 30 x 10-8

3.4.1.3 Temperature and Swell Factors

Temperature and swell were monitored at the SDRIs to evaluate whether either may have affected the

flow measurements The total flow measured includes flow due to temperature changes (Q), soil

swell (Q), and flow due to infiltration (Q) As descnbed in Section 3 3 3, calculations of flow due to

temperature cliemges and soil swell were made throughout the test to evaluate the significance of

and Q at each of the SDRIs

The measured values of water temperature in the four outer rings are recorded in Appendix D and

plotted in Figure 3 11 In general, the maximum temperature difference noted during any given

measurement period resulted in a flow amountmg to less than or equal to 10 percent of the total flow

measured The only exception to this is the second to the last reading where a 9 degree temperature

difference over the measurement period was noted Overall, the effect due to temperature change

was considered to be insignificant because the estimated total percent of flow attributed to tempera-

ture change was 5 percent for SDRI I and 3 6 percent for SDRI 2

The average vertical movement of the inner nng was measured throughout the testing period The

results of the measurements are included in Appendix D Less than one cent3Tnete of swell was

measured in each of the two inner rings Overall, the effect due to soil swell was considered to be

insignificant because the estimated total percent of flow attnbuted to soil swell was 10 percent or

less
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3.4.2 Two-stage Borehole Test Results

On August 17, 1994 TSB permeameter testing was initiated Each stage of the test was run until the

test termination criteria were met For Stage I the test ran between August 17 and August 31, 1994,

and Stage 2 of the test ran between September I and September iro, 1994 Field data sheets and

spreadsheet tables used for calculations are included in Appendix D The following discussion

summarizes the results

3.4.2.1 Stage 1 Hydraulic Conductivity

The apparent hydraulic conductivity for Stage I of the TSBs (KI) was calculated for each of the TSBs

according to the equations outlined in Section 3 3 6 As stated earlier, the value for hydraulic

conductivity is calculated from measurements of infiltration during Stage -1, and provides an estimate

of the maximum possible value for the vertical permeability of the medium being tested

The hydraulic conductivity values for Testfills I and 2 are plotted again t time in Figures 3 12 and

3 13, respectfully Additionally, the arithmetic time-weighted average value of the Stage 1 hydraulic

conductivity (Ki') for each TSB is presented below

Stage I
Time-weighted Average
Hydrauhc Conduchvity

TSB fal TeStEM
Number iLn centiLmeters per second Number

BlA 8 06 x 10-4 1
BIB 2 29 x 10-a I
BIC 4 47 x 10-8 1
BID 2 45 x 10-* 1
BIE 4 13 x 10-8 1
B2A 8 20 x 10-8 2
B2B 8 00 x 10-8 2
B2C 3 80 x 10-8 2
B2D 4 52 x 10-5 2
B2E 5 '16 x 10-8 2
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3.4.2.2 Stage 2 Hydraulic Conductivity

The apparent hydraulic conductivity for Stage 2 of the TSBs (K2) was calculated for each of the TSBs

according to the equations outlined in Section 3 3 6 As stated earlier, the value for hydraulic

conductivity is based on measurements of infiltration dunng Stage 2, and provides an estimate of

rn inirnum possible value for the horizontal permeability of the mechum being tested

The hydraulic conductivity values for Testfills I and 2 are plotted agarn t time in Figures 3 14 and

3 15, respectfally Additionally, the arithmetic bme-weighted average value of the Stage 2 hydraulic

conductivity (K2') for each TSB is presented below

Stage 2
Time-weighted Average
Hydraulic Conductivity

TSB IC27 TestRU
Number in centimeters per second Number

BiA 127 x 10-8 1
BIB 1 34 x 10-8 1
BIC 1 04 x 10-a I
BID 8 27 x 10-9 1
BlE 9 42 x 109 1
B2A 8 00 x 109 2
B2B 6 34 x 10-9 2
B2C 1 20 x 10-' 2
B2D 8 14 x 109 2
B2E 8 15 x 109 2

3.4.3 Laboratory Permeability Test Results

Table 3 4 presents the permeability, gram size, Atterberg limits, and the shear strength test results

performed on samples collected from the testfills The six samples tested for falling head perme-

ability indicate hydraulic conductivfties below the required I x 10' cm/s The average hydraulic

conductivity value measured on samples from Testfill 1 was 5 80 x 10' cm/s ForTestfill2, the

average hydraulic conductivity measured was 3 40 x 10'a The Atterberglimits test results indicated

liquid limits ranging from 40 to 50 percent and plasticity limits ranging from 22 to 32 percent The

percent passing the No 200 sieve ranged from 63 to 82 percent
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3.S Testfill Construction and Testing Program Summary and Conclusions

The testfill construction and testing program included the construction of two clay soil testfills using

soil excavated from two onpost borrow areas Subsequent to construction, field and laboratory tests

were performed on the testfills to evaluate the permeability of the testfill's compacted clay soil This

section provides a summary and conclusions about the testfill construction and testing program

3.6.1 Summary

Two onpost borrow areas were used to supply the required volume of clay soil to construct two

testfills The clay soil used to construct Testfill I was excavated from the central portion of

Section 20 in the northeast comer of RMA The clay soil used to construct Testfill 2 was excavated

from the southwest quarter of Section 24, approximately 1/2 mile north of the proposed landfill

location site Both soil types are classified as inorganic clay with low to high plasticity However,

the soil from Section 20 contains approximately 10 percent more sand by weight than the soil from

Section 24

The two testfills were constructed in the southwest quarter of Section 25 in July and August of 1994

The following si i m rn arizes the construction procedures

1 Clay used in the construction of the testfills had the following properties

Plasticity Percent Passing

laqwd Lumt Index No. 200 Sieve

NO M (0/6)

Testfill 1 44 to 49 23 to 29 62 to 65
Testfill 2 46 to 55 25 to 33 71 to 82

2 Lifts were placed on the testfills in 9-mch loose lifts

3 The material was blended, moisture conditioned and clod size was reduced using a

Caterpillar SS-250

4 The lifts were compacted with a rnini-mum. of two passes using a Caterpillar 815B compactor

5 The lifts were compacted to a Tainimum of 95 percent of the standard Proctor maximum dry

density(102pcf) The moisture content of the compacted hfts was 2 to 4 percent above the
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optimum moisture content (19 percent) Density and moisture content were measured with a
nuclear density gauge

6 Portions of the clay testfill that did not achieve the required compaction or moisture content
specification were scarified to the previous lift and recompacted as described above

7 Prior to placement of the subsequent lift, each lift was scal-ified and moisture conditioned to
achieve proper lift bonding

8 The lifts were protected from desiccation by sprinkling the surface of the testfills with water
and covering the entire surface of the testfills; with plastic tarps

Following testfill construction, one SDRI and five TSBs were installed for in situ permeability testing

on each testfill Field permeability tests were conducted following the SDRI and TSB manufacturer's

installation and momtormgprocedures The SDRIs were monitored for three months from August 10

to November 11, 1994 Each stage of the TSBs was monitored for approximately two weeks

beguin,ing August17, 1994 1

The field permeability tests confirmed that the procedures employed to construct the testfills were

sufficient to achieve the design requirement that vertical hydraulic conductivity of thLe testfill be less

thanixio'cm/s The average hydraulic conductivity measured by the SDRI on Testfill 1 was

118xlO-'cm/sand830xlO'cm/sforTestfiII2 The average vertical hydraulic conductivity

measured by the TSBs on Testfill I was 4 28 x 10-8 cm/s and 5 94 x 10' cm/s for Testhh 2

Laboratory permeab3hty and geotechnical tests were performed on samples collected from the testfills

after the SDRI and TSB monitoring was complete The laboratory permeability tests reconfirm that

the construction procedures specified in this testfill construction piogram. were adequate to achieve

the required hydraulic conductivity value The average conductivity value measured on samples

from Testfill I was 5 60 x 10' cm/s and 3 04 x 10' cm/s from Testfill 2

3.5.2 Conclusions

The Material FS portion of the FS Soils Support Program had two main objectives (1) to verify that

onpost soils are capable of meeting a permeability of less than or equai to 1 X 107 cm/s (as required
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in the constructaon of clay caps or liners 16 CCR 1007-2 2 5 3]), and (2) to evaluate the optimuin hft

thickness, moisture content, density, and compactve effort necessary to achieve the required

permeability

Based on the results presented in this report, both objectives of the Material FS were met First,the

field and laboratory test results confirm that onpost soils can be used to construct caps and liners

that meet the regulatory required hydraulic conductivity Second, the construct-ion methods

employed to construct the two testfills identified the lift thickness, moisture content, density and

compactive effort used to achieve the required permeability Soils within the proposed borrow areas

may vary and thus, require additional testing to finalize specifications for future cap and Imer

construction

It should be noted that the specifications included in this report as Appendix A were written

specifically for testfill construction The specifications may require modification for full-scale

construction
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Table 3.1.- Summary of GeotechnIcal Laboratory Test Data on Borrow Material

Porcont
Passing Natural Optimum maxiiiIIIIII

saniplo No 200 Liquid Plastic Moisture Moisture Dry
Doptli Siovo USCS Soil Limit Index Content Content Density

Borrow At on (ft) (0/0) Classification (0/0) N (0/0) (0/6) (PcQ

A 20 709 Gil 55 33 100 19 7 101 9
A 2 5 81 6 Gil 51 30 10 2 20 5 1025
A 3 5 701) Gil 46 25 84 174 1044
112 40 61 7 Gil 44 23 98 18 8 101 7
132 40 65 3 Gil 49 29 101 19 3 103 1

CI I 111018RIIIC dayq of high plasticity
CL Inoiganic cInyq of low to ineditnu plaqticity
ft. Foot
pcf Powids pot ctibic foot
USGS Uniflod Soil GlassifiGation Sygloin
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Table 3.2.w Susnunary ol Field Density Test Data, IN estFII'l II

Test I ocation
Relative

Moisture Content Dry Density Compriction# Moisture Content
(Nuclear Method) (Nuclear Method) (Nitclear Method) (Oven Dry Method)

ToO Lift ASTM. D3017 80 ASTM D2922 91 ASUA D2022 01 AStM. D2210-DO

Number Number East/west* Norlh/South* Date (96) (Pcf) N (96) Comments

1 1 (Wl') 20 C 7/20/01 2023 1032 1004 NT railed moisture, Retest No 4

2 1 (WL) so E 7129/94 1040 1001 974 NT railed moisture, Ratost No 5

3 1 (WI.) 75 D 7/20/04 1771 1028 1000 NT Fallod mofs(ttre, Retest No 6

4 1 (WL) 20 C 713LY94 1744 1022 904 NT railed moisture, Retest No 7
5 1 (Wl') so 13 7/30/04 101 1050 1027 NT railed moisture, Retest No 9

6 1 (WL) 75 D 7/30/04 105 1034 1000 NT railed moisture, Fatest No 8

7 1 (WL) 20 C 7/10194 2115 008 942 NT

8 1 (WL) 75 D 7/30/94 1906 068 901 N*r

0 1 (WL) 50 E 7/30/04 2145 1020 00 a NT

10 2 80 F, 7/10/04 107 1010 1020 NT

11 2 55 E 7/30/94 23 20 090 069 NT

12 2 55 E 7/3QM4 2400 967 041 NT

13 2 20 C 7/304 1886 1000 1030 NT

14 2 75 C 7/30/94 2113 1041 1020 213

is 2 so F 7/30/04 2209 037 oil NT railed compaction, Retest No 17

16 2 22 B 7/3(Vg4 2100 1025 997 188

17 2 5B E 7/30/94 1004 1060 1022 NT Failed moisture, Retest No 17A

17A 2 so E 7/30/94 2077 1042 1014 1895 Retest of No 15 and No 17 after
compaction and moisture added

18 3 25 D 7131194 1896 1063 1034 NT Test failed, Retest No 21

10 3 53 C 7/31/04 2353 1000 980 NT

20 3 78 E 7131/04 213 1030 1002 215

21 3 25 D 7/31/1)4 2017 1030 1010 210 Retest of No 18, added moisture

22 4 18 C 7131/04 2068 1051 1022 217

23 4 56 D 7/31194 2262 1011 963 220

24 4 80 E 7/31/94 22.52 1024 goo 213

25 5 26 B 812/94 212 1034 1000 202

20 5 55 G 8/2194 23 77 goo 950 226

27 5 82 E 812/94 2178 1020 907 202

2B 0 20 C BN94 1568 1066 1031 Nrr railed moisture, Retest No 31

20 0 53 E BN94 23 54 goo 903 NT Fotoa( of No 32

30 6 88 G a/V94 19.87 1044 1016 NT railed moistwo, Retest No 33
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Table 3.2 (contInued)

Test I ocation,
Relative

Moisture Content Dry Density Compaction* Moisture Content
(Nuclonr Method) (Nuclear Moth0d) (Nuclear Method) (Oven Dry Method)

Toot Lift ASTM 133017-06 AS IM D2922 91 AsTM D2022 91 ASTM D2210-90

N-imber Number Fast/West* North/South* Dato N (peo (0h) (96) Comments

31 6 20 C 8/3/04 2024 1061 1032 225 Rotest of No 28, addod moisture

32 0 53 E 8/1/04 22W 1009 981 107 Retest of No 20

33 0 08 G 013104 21 70 1018 090 204 Retest of No 30, addod moisture

34 7 25 D 814/04 1770 1084 1054 NT Failed moisture, Retest No 37

35 7 50 13 8/4/04 14 19 1060 1U3 2 NT ratio(] moisture, Retest No 38

36 7 07 P 814/04 1027 1000 1040 NT railed moisture, Rotast No 30

37 7 25 D 8/4/94 1956 1051 1022 Nr railed moisture, Retest No 40

38 7 50 B 0/4/94 2071 1041 1013 200

30 7 07 H 8/4/04 2204 987 96 0 220

40 7 25 D 6/4/04 22 73 1000 079 203

41 7 23 C 814/04 2281 092 065 206

42 8 24 G 814/04 21 88 1000 072 222

43 8 60 1) fl/4/04 2207 1003 076 220

44 a 04 F 8/4/04 2081 1043 1014 202

45 0 22 F 8/904 1801 1071 1042 NT

46 0 so D 8/5/04 2182 U05 00 a NT

47 0 22 r 1119W04 2094 1037 1000 212

48 9 so D W5104 2204 1000 w 0 225

40 0 95 E 8/5/04 230 960 953 217

50 10 11 11 815/94 2080 1034 1005 212

51 11 9 G 8/55/04 23 23 984 062 233

52 12 7 D 815/94 2191 1017 989 204

53 10 10 G 815104 2087 1032 1004 NT

54 10 Be E 815/04 2200 1022 094 NT

55 10 01 F 8/5/04 2107 1021 993 NT
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Table 3.2 (continued)

ror the trialorlal lostod, opllMUM molsturo conlont oqtlnls 10 3 parcont and waximinn drv dopsity oquals 102 3 purcont

ASTM AmorlGan Socloty for Tosting an(] Malorials
NT Not tostod
prf Ponnds por cublc foot
WL Working layor

Porcont

soo ristiro 3 3 for grid systom usod to Idontify l1w lost location
Rolativo compaction rofors to tho In-placo dry donsity of soll oxprossod as a porcontage of tho maximum dry density of the same umlarrial, as dolermined by (lie ASTM D (398 test procedure
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Table 3.3: Summary of Field Density Test Data, TestFill 2

1 nqt I ocnihm
Rolativo

P6101141"rn ( (Intent Dry Donq1ty onipactiono Moisture Content
INiso Innr Kindmil) (Nsicloar MnIhod) (Nucinar Mothod) (Oven Dry Mothod)

Test I ift A% I N1 DIO 17 00 AS I M D2022 91 AS I M D2022 91 ASTM D2210 00

Number Ntimhor I 651/wn-11 Niirlh/Sioulli DMIR Ofil (1-0 (GA) M cGinnients

1 1 7/14/94 1008 104 7 1010 214

2 1 50 N 7/14/04 logo 104 6 101 0 213

3 1 85 N 7114104 2047 1044 101 5 240

4 2 25 L 7115/04 1927 105 2 1023 200 Test failed, Retest No 7

5 2 05 M 7/19/04 17 10 1043 1019 201 Test failed, Retest No 8

6 2 flA 1) 7/15194 1770 1061 1032 170 "Post 1`41111od, Retest No 9
7 2 24 K 7/10194 2121 1033 1005 21 7 Retest of No 4, added moisture

8 2 so N 7/18/04 2237 994 967 225 ROIGSt of No 9, added niolsfuro

9 2 84 0 7/10/04 2393 088 0,01 25 1 Ratost of No 0, addoJ moisture

10 1 is M 7/19/04 in 30 900 971 NT

11 3 85 p 7/10/04 2100 103 5 1007 NT

12 WL 5 Q 7/22194 2075 1023 095 NT Began using Pulvainixer

13 Wt. 9) 3 N 7/22/94 2134 080 95 9 209

14 wil go K 7/22/04 2060 1073 905 209

1 3 5 M 7/22/04 2003 1040 1011 214

16 1 65 0 7/22/94 21 10 1075 907 205

17 1 DO p 7122194 2012 102 0 1001 200

16 2 25 R 7/22/04 22 15 1013 gas 226

19 2 50 N 7/22/04 2131 1017 980 214

20 2 80 M 7122/94 2200 goo 072 209

21 3 30 K 7129W94 2202 057 931 NT Test failed, Retest No 21A

22 3 00 N 7/25/94 2139 1004 977 Igo

23 3 85 p 7/25JU4 2087 IGO 5 978 201

21A 3 30 K 7/25/94 2133 1014 goo 200 Retest of No 21, after further

Compaction

24 4 25 p 7/25/04 2202 987 961 211

25 4 50 N 7125/04 2023 1016 Do 1 Igo

26 4 go L 7/25104 2023 1036 1007 190

27 9 2 9, 11 7129M 2100 1022 004 2000

28 5 50 N 7/25194 1054 1037 1000 194 railed moisture, Retest No 31

29 9 no p 7129WO4 21 14 1023 995 21 0

10 5 ao N 7/204 21 44 1010 Doi 23 2

21907 701030 1 of 3
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Table 3.3 (continued)

I asi I ocntiou
Relative

Mol-fluro Content Dry Density Compactiono Moisture Content
(Nuclear Mo(hod) (Nuclear Mefliod) (Nuclear Method) (oven Dry Method)

Test lift ASTM D3017-08 AS I M D2022 01 ASTM D2022 01 ASTM D2210 go
Ntqwhor Nwuhar Lastlwas[ Norlh/Soulh Date K (PCQ (96) Comments

31 5 50 L 71201Q4 2309 1001 074 227 Retest of No 28, added moisture

32 5 10 M 7/20/94 24 34 060 930 NT Test failed, Retest No 33
33 5 1 r) M 7/20/04 2007 1048 1019 198 Retort of No 32, added dry soil and

rocompactod
34 0 15 L 712Q/94 25 13 961 955 N r I as[ failed, Retest No 37
35 a 45 M 7/20/94 1004 967 D4 I NI Test failed, Retest No 38
30 6 7 r, M 7/2(VD4 2041 102 6 998 NT
37 6 20 N 7/26194 2027 1022 994 102 Retest of No 14, afior wotling dry

aro-is, pulvorl7ing. and cornimcting

38 6 45 M 7/20/94 1973 1011 086 NT Retest of No 35 after wetting dry
areas, pulveriving, and recompaeflng,
failed, Retort No 39

39 0 45 M 7/20/94 2054 NR 980 N1 Retest of No 38

40 6 45 M 7/20194 2144 1DO 5 978 210 Retest of No 30
41 7 20 p 7/27/94 1775 103 2 100 4 NT Test failed, Retest No 43

42 7 46 L 7/27/04 1676 960 054 NT I ost failed, Retest No 44

43 7 20 0 7/27/94 2036 1043 1014 1002 Retest of No 41, wetted, pulverized,
and recompactod

44 7 60 0 7127/94 2109 1010 963 197 Retest of No 42, wet(ed, pulverized,
and rocompactod

45 7 95 N 7/27/94 2074 1039 1011 log

40 Ri is L 7/29/94 2156 1020 008 217
47 Ri 70 L 7/29194 2043 109 5 1020 219
48 R2 65 L 7/29/94 2059 1020 902 207
40 R2 15 K 712EV04 2022 1046 1077 220
so R3 25 1. 7/29/94 1976 1056 1027 N'l Test failed, Retest No 50A
51 R3 75 L 7/29194 2180 1018 990 192
BOA R3 25 K 7129194 2064 1041 1013 109 Fotost of No 50 after adding moisture

and recompacting

51 10 10 N 7/'11/04 IBM 909 008 NT lost failed, Rotest No 54
52 10 so 11 7/31/94 22 13 90.3 966 N I Folost No 55
53 10 78 Q 7tal/94 1893 981 965 4 Nr rest fnited, Retest No 56 and No 57
54 10 10 N 812/94 2264 903 960 24 2 Rotest of No 54, added moisture

219,07 703030 2 of 3
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Table 3.3 jecintinued)

10811 ocallon

Moislurn 17nutntil Dry Dmisity, ('01ripaction" Moisture Content
(Micloar Method) (Nuclear Mothod) (Nuclear Method) (Oven Dry Mothod)

last lift All M D1017 00 AS I M 1)21)22 91 ASIM D2022 91 ASIM D2210 00

Number Number rrixt/Went Nordwsoulli Doln M (pco K (0h) Comments

9 5 in 9 0 11 13/2/04 24 08 069 943 229 Ro(ost of No 52

50 10 78 0 (V2/94 21 04 991 005 NT Retest of No 51, added moisture

57 10 70 8/2/94 23 70 088 062 21 7 Most of No 53, added moisture

50 11 23 0 1111104 21 02 1007 080 23 4
50 11 58 M 8/1P)4 2202 goo 072 23 0
60 11 no Q 11/1104 2202 1006 070 23 2

01 12 15 M IV3104 21 03 WO 7 goo 203
62 12 46 K 813/04 2244 goo 070 23 1
M 12 07 M 811M 21 20 1016 goo 218

04 0 K 0/4/94 22 21 1004 977 210
05 5 K 8/4/04 2205 1004 076 226

016 10 K 014/04 21 27 1027 990 223
67 12 11 814/94 2200 1016 080 218

68 13 05 1. 814/94 2041 1032 1011 NI
60 13 27 N 014/04 22 19 1007 979 N 1

70 13 55 P 014104 2107 1020 000 N I

ror (Iwo inaloilat tested, optimUnt 11101stuto content 19 lintrant and trinxItnum dry density 102 8 pcf

ASTM Amerivan Sovioly for Testing and Matorlnlq
Wil Working layer
96 Percent
NT Not tested
pef Pounds por cubic foot

* see rigurn 3 1 for Brid system used to Idontify lost locnilon
# Relative compaction rotors to tha In place dry density of soil expressed as a percentage of the maximum dry density of the snino material, as determined by (lie ASTM D 098 test procaduro

21907 703030 3013
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Table 3.4: Tes".1111 Laboratory Test Results

Porcapt Pncsing M014111re I lquid Plasticity
1081fill No ZoOSInvo 01116tif Limit Index Permeability USLS
Number (56) (56) (56) (CA) (MU/0) Classification USCS Description

1 027 14 1 40 22 1 3 x 10' CL Brown Sandy Loan Clay

1 71 1 if) 6 42 23 5 2 x 10' CL Brown Loan Clay With Sand

1 565 204 43 25 10 x 1D 7 CL Brown Sandy Loan Clay

2 800 215 so 32 7 9 x 10, CH Brown Fat Clay With Sand

2 022 200 47 30 2 6 x 10' CL Brown Lean Clay With Sand

2 817 200 47 30 9 5 x 10 CL Brown Leon Clay With Sand

Percent
cin/s Conifinniers par socond

psf Pounds per square foot

uscs uninnd Soil ClassIfic8tion System

21007 703,GaO
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4.0 AREA FEASIBILITY STUDIr

This sectaon presents the results of the Area Feasibility Study that identify suitable areas for the

location of the proposed hazardous -waste landfill at RMA- The Area FS included a literatuxe review,

development of landfdl area suitability criteria, identifying potential areas feasible for landfill

construction based on the suitability critena, and results of the geologic and geotechnical program in

the identified areas (Section 25 at RMA) The Area FS was organized and performed in the following

sequence

laterature and Database Review (Section 4 1)

Landfill Criteria and Policies (Section 4.2)

Identificaiaon of Potential Areas (Section 4 3)

Geologic and Geotechnical luvestigation (Section 4 4)

Area FS Conclusions

The literature and database review was performed to review exLstng data pertaining to landfill siting

studies conducted at RMA and Highway 36 Landfill (the only commercial permitted hazardous waste

landfill in Colorado) Previous landhE siting critena and policies weie reviewed and used to help

develop Section 4 2, Landfill Criteria and Policies Previous geologic -and hydrogeologic studies were

also reviewed to evaluate if additional field investigations (Section 4 4, Geologic and Geotechnical

Investigation) would be required to help evaluate area feasibility

In Section 4 2, the landfill siting criteria and policies were identified and evaluated for their

relevance to siting a hazardous waste landfill at RMA- The landfill criteria and policies identified in

Section 4 2 were used in Section 4 3 to screen RMA for suitable landfill siting areas that meet the

relevant critena and policies Once a suitable area for sitng the lanff:lU was selected, a geologic and

geotechnical investgatLon was performed m the selected area. The geologic and geotechnical

investigation provided further information on the suitability of the selected area for construcition of a

21907 703030 Harding Lawson Associates 4ý1
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Area Feasibility Study

hazardous waste landfill. The results of the Area FS were used in the Site FS (Section 5 0) to further

refine the preferred location for the landfill within the suitable area.

Soil and groundwater chemical analyses, geochemical interpretations, and hydrogeologic conditions

used for this report were based on previous studies performed at RMA.

4.1 Literature and Database Review

The literature and database review was performed to evaluate previous landfill siting studies and

geologic and hydrogeologic studies at RM.A. The information provided in this section was used to

assemble the landfill siting criteria and policies (Section 4 2) and perform the GIS analysis discussed

in Section 4.3 The GIS analysis integrated information to screen RMA for areas that were deemed

suitable for landfill construction based on the landfill siting criteria provided in Section 4 2.

4.1.1 Previous Landfill Siting Studies

Three independent studies, Waterways Experiment Station (WES), 1983, U S Army To)ac and

Han dous Materials Agency (USATHAMA), 1984, and Ebasco, 1988a, were conducted at the

direction of the Program Manager for Rocky Mountain Arsenal (PMRMA) to identify potential sites

for the location of a h;17.s d us waste landfill at RMA Each of the studies is summarized below with

emphasis on the objectives and approach of the report, siting criteria used, site selection, and

recommendations The siting critena and results of the three studies are compared with the latest

regulatory and institutional siting cntena presented in Section 4 2

4.1.1.1 Waterways Experiment Station Report

The purpose and objective of the report entitled 'Proposed Hazardous Waste Landfill Siting and

Suitability, Rocky Mountain Arsenal, Denver, Colorado' (WES, 1983) was two-fold

To identify a potential landfill site and determine the suitability of the site for hazardous
waste disposal

To provide the necessary background data and assessments for compliance with regulatory
requirements

4-2 Harding Lawson Associates 21907 703030
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Area Feasibility SUdy

The study included the following

0 Developing geotechnical landf3ll siting criteria

0 Review of the RMA environmental database

0 Evaluating RMA sites based on landfill siting criteria

0 Conducting a geologic field investigation at the potential landfill site

The geotechnical landfill siting antena were developed based on Colorado guidelines for a Resource

Conservation and RecoveryAct (RCRA) landfill site (Hynes and Sutton, 1980) Specifically, the

report identified five siting requirements

0 Above the 100-year Standard Projected Floodplain

0 Depth to the water table greater than 40 feet

a No saturated alluvium

0 Thirty feet or less above the top of the Denver Formation and no Denver sand channels in
contact with the alluvium

0 A -1-annum of one mile inside the RMA boundary

RMA uras screened for potential landfill sites using the five siting anteria and a preliminary site was

identified in Sections 25 and 36 (see Figure 4 1) Following the preliminary site selection, afield

program including geologic and hydrogeologic data collection and interpretation was initiated to

collect further data on the potential site Field work involved drilling 28 exploratory borings and

constructing 22 monitoring wells Soil samples were collected from the borings for geotechnical

property testing The monitoring wells were installed to evaluate the potentometric surface and

baseline water chemistry Additionally, two falling head slug tests were performed to evaluate

groundwater flow rates

The conclusions of the VVES, 1983 report included identification of the two sites in Section 25 and

northernSection36 Orne site was eliminated because of its concurrence with the North Plants

facilities and the presence of sand channels The second site, located in the southern part of

21907 7D3030 Harding Lmmson Associates 4-3
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Section 2 5 and the northern part of Section 36, met or exceeded the siting criteria identified in the

report Features of the identified site include

0 Located on a topographic high outside of the 100-year floodplain

0 Underlain by unsaturated alluvium that is 5- to 20-feet thick

0 On average, at least 40 feet above the water table

0 An alluvial vertical permeability of less than 6 OX 107 cm/s (determined by falling head
permeability slug tests at two sites)

0 An estimated groundwater flow velocity of about 0 5 feet per day (based on laboratory tests)

0 Low levels of contaminants detected in some of the wells (outside the boundaries of the
preferred area)

4.1.1.2 USATHANIA Report

The purpose and ob)eciave of the report entitled "Decontamination Assessment for Land and Facilities

at Rocky Mountain Arsenal" (USATHAMA, 1984) was to document the results of a mult-year study

assessing the feasibility and cost of decontammab-ug all or portions of RM.A. The approach for the

USATHAMA report included

Reviewing applicable federal and state requirements

Reviewing existing data to def:me areas, types, and volume of contamination at RMA

Developing technical approaches to decontaminate RMA property

Estimating decontamination costs for both partial and total unrestricted use of RMA

Eighty-eight contaminated sites were identLfied at RMA- The volume of contaminated materials

within the 88 sites was estimated Based on the data and volume calculations, it was estimated that

about 16 mallion. cubic yards of contaminated buildings, equipment, and soil are present at RMA.

Two technical approaches for decontamination of the 16 million cubic yards of material were

evaluated The first technical approach included decontamination of the material through excavation

and treatment including incineration, wet cheirucal processing, solar heating, ultraviolet destruction,
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and solidification and stabilization The second technical approach included in situ treatment of the

material through soil activation, vegetative uptake, and biodegradatLon. Based on the feasibility,

previous history, and economics, the preferred treatment technologies identified during the

assessment were

Excavation and land±dlmg

Excavalaon, incineration, and landfilhng

The study included identification of an onsite location for the landfill based on four siting cntena

Location outside the 100-year floodplain

Depth to groundwater greater than 20 feet

Located greater than 200 feet from a Holocene fault

Underlain by thick impermeable formations with no aquifen, present

Based on the siting criteria, a location in the northeast quarter of Section 36 was selected for the

landfill site Figure 4 1 illustrates the proposed location.

4.1.1.3 Ebasco Report

The purpose of the report entitled "Final Report, Task Number 27, I-1-a za dous Waste Land Disposal

Facility Assessment Reportn (03asco, 1988a) was to assess the feasib)Lhty of an onpost land disposal

facility that is compatible with, federal and state regulations under CERCLA and capable of containing

all RMA waste (estimated a 16 million cubic yards) The specific objectives were.

Characterize the various wastes requiruag land disposal

Select the most suitable site for a land disposal facility at RMA

Prepare a conceptualizatLon of a land disposal facility with enough detail for a feasibility-
level estimate of schedule and cost

Esbm:Late schedules and cost for construct:Lon and post-construction monitoring

21907 703030 HaMing Lmuson Associates 4-5
0103070695 ISF



Area FeasiblllýV Study

0

The assessment process included two components, site selection, and design feasibility The site

selection process was similar to WES and USATHAMA processes whereby criterion and site selection

assumptions were made, exclusion and avoidance overlay maps were produced to identify potential

sites The design feasibility process included selection of design criteria, evaluation of cell

technology, evaluation of facility layouts, preparation of construction schedules, cost estimates, and

constructions specifications with QC procedures. This review focuses on the site selection process

Further discussion of the design feasibility process is included in Section 5 0

The site selection process included an evaluation of the entire PdAA site with regard to seven siting

criterion. The siting criteria included

Location outside the 100-year floodplain

Ma)amize the depth to groundwater with a target value of greater than 40 feet

Located more than 1000 feet from a Holocene fault

No saturated alluvium beneath the site

Not within RMA avoidance areas of dedicated land use

Initial target location size of greater than 1000 acres

A rninirnuin of 1000 feet inside the RMA boundary

Along with the site selection criteria, a list of site selection assumptions was prepared that included

issues such as facLht-. shape, number of sites, current and projected land use, and location of the

wastecentroid The facility shape was not considered a constraining factor in site selection because

the waste cell arrangement could be changed to fit the site conditions. One contiguous site was

preferred over multiple sites to minniiize monitoring costs To address the current and projected

land use issue, the site location was selected to avoid proximity to offs1te high-density population

areas and to be compatible with future onsite land uses
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Based on the siting cnteria and assumptions, six potential sites were identified Figure 4 1 illustrates

the sites and lists the subsites identfied within each of the six areas After thorough review of the

sites, only two sites, 1B and 6B, were recommended based on the siting ariteria achieved.

4.1.1.4 Limitations of Previous Landfill Siting Studies

The three siting studies provided PMRMA with insight into many oi the pertinent issues related to

siting a hazardous waste landfill at RNLA- However, each siting study reviewed above contained

certain limitations Specifically, the siting anteria used in the three studies are non-defensible by

today's permitting standards These previous studies did not address certain regulatory criteria (as

noted in Table 4 1) such as airport safety, wetlands, isolation, and sensitive habitats Each report is

based on the CERCIA process and do not address other potential regulatory regimes, such as RCRA

permitting The geologic and hydroggologic databases used to evaluate RMA on a site-wide basis for

geologic and hydrogeologic suitability are dated. More recent geologic and hydrogeologic information

is currently available for selection of the onsite hazardous waste disposal site. Based on the current

waste volu-mes pro)ected for landhIling, site selection assumptions, such as site size, can be refined

Finally, for the permitting process to begin (or to meet substantive RCRA requirements), site-specific

geologic and hydrogeologic: information, as described in Sections 5 0, must be completed-

4.1.2 Geologic Studies

The regional geology of the Front Range surrounding Denver, Colorado, has been studied for several

decades and includes numerous publications The geology at RMA has been studied for more than

15years General studies of the geology at RMA as well as specific studies of the bedrock and

alluvium have been published. Site-specific geologic studies were reviewed as part of this Area FS.

The regional geologic studies reviewed are included in the bibliography (Section 8 0)

Reports that provide a thorough overview of geology at RMA include Regional Groundwater Study

of Rocky Mountain Arsenal, Denver, Colorado (May, 1982), Final Water Remedial luvestigation

Report, Volume IH, Version 3 3 (Ebasco, 1989), and White Paper Evaluation of the Denver Formation
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at RMA (Morrison-Knudsen Environmental Services, Inc- JMXE], 1994) There are many area-specific

reports that were reviewed as part of this study and are also included in the bibliography

(Section 8 0)

RMA boring logs were reviewed to assist in screening areas suitable for siting a hazardous waste

landfill RMA was screened to establish potential areas feasible for siting a landfill (as discussed in

Section 4.3), using site suitability cntena. Based on this screening process and previous laxicifill

siting studies, borings and cross sections from Section 25 were reviewed Cross sections from the

Proposed Hazardous Waste Landfill Sitmg and Suitability Report, RMA (WES, 1983) and from White

Paper Evaluaton of the Denver Formation at RMA (NME, 1994) were reviewed Table 4 2 presents a

list of boring logs in Section 2 5 that were specifically reviewed (many of the boring logs are included

in the cross sections constructed as part of the study and presented in. Section 4 4) A detailed

geologic and geotechnical. study of the western half of Section 25 at RMA was conducted to gain

adchtional. geologic and geotechnical. information, and to establish the feasibility of constructing a

hazardous waste landfill A description of this geologic and geotechnical study and summary of the

study results are presented in Section 4 4 of this report.

Geotechnical Data

Geotechnical testing results from the Landfill Siting Study (WES, 1983) and Final FS Soils Support

Program Report (BIA, 1995a) were reviewed- The 20 samples collected by WES were from

five borings in Sections 25 and 36 as part of a landfill siting study BLA drilled 98 borings to

identify potential cap, liner, and structural fill materials Potential cap and liner materials were

identified in Sections 20, 24, 25, 27, and 36 (BIA, 1995a) Additional geotechrucal data were

acquired in Section 25 during a shallow boring and geotechnical program performed during this task

and are presented in Section 4 4 of this report- This additional geotechnical data provide information

concerning the feasibility of Secton 25 for locating a hazardous waste landfill
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Geophysical Surveys

HLA prepared a Summary of Historical Geophysical Assessments at RMA as part of the Final

Geophysical Assessment Report (HI-h, 1994a) In the report, four geophysical studies were identified

near the preferred potential landfill area (asidentLfied in this section) Seismic refraction and

reflection studies were performed in western Section 25 as part of the Basin F Area II study An

electromagnetic and magnetic geophysical survey was performed in the southeast comer of

Section 25 to investigate suspected disposal areas Electromagnetic and magnetic surveys were also

performed in a suspected disposal area in north central Section 36 Plate I of the 1994 HIA Final

Geophysical Report summarizes the locations of geophysical surveys at RMA.

Hydrogeolo_qy

The regional hydrogeology of the Front Range surrounding Denver, Colorado, has been reported in

several publications The regional and site-specific hydrogeology at RMA has been studied and

published for more than 15 years RMAregiond and site-specifich3rdrogeologicstuches were

-reviewed as part of this literature review The Front Range regional [iydrogeologicstudies as well as

the RMA regional and specific studies are included in the Bibliography (Section 8.0)

Several reports that provide an overview of the regional hydrogeologyat RMA include

0 Evaluation of the Hydrogeological System and Contaminant Migration Patterns, RMA
(R L Stollar and F Van der Leeden, 1981)

4 Regional Groundwater Study of Rocky Mountain Arsenal, Deaver, Colorado, Report I
HydrogeologicDefinition (May, 1982)

0 Hydrogeologic Description of Rocky Mountain Arsenal Groundwater Module, (lattle, 1979)

0 Final Water Remedial Investi8ation Report (Ebasco, 1989)

Several site-specifichydrogeologicstuclies have been published and include Proposed Hazardous

Waste Landfill Siting and Suitability, RMA (WES, 1983), the Comprehensive Monitoring Program

(Q%IP) and Groundwater Monitoring Program (GMP) (HIA, 1992a, 19,95b, Pacific Western

Technologies, 1993), Results of Treatability Studies for Groundwater Containment and/or Control and
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Subsurface Drams Final Report (BIA, 1992b), and Final Fourth Year Reevaluation Report for

Complex Disposal Trenches Interim Response Action RMA (HLA, 1994b)

The site-specafic studies mentioned above include vaned hydrogeologic information. The WES 1983

report included monitoring well installation and some falling head slug tests in Section 25 and a

discussion of the site-specific hydrogeology As part of the CNT and GNT, groundwater flow and

chemistry were routinely monitored across RMA- As reported in the Results of Treatability Studies

for Groundwater Containment and/or Control Report (HIA, 1992b), two monitoring wells were

installed in Sect-ion 25 and an extended aquifer test was performed in the alluvium Wells were

installed and aqu-ifer tests were performed in Section 36, south of Section 25 The Final Fourth Year

Reevaluation Report for Complex Disposal Trenches IRA (BIA, 1994b) reviews and discusses the

hydrology of Section 36 (south of the preferred landfill area)

Groundwater Chernis"

Releases of a variety of contarnma-at to the environment of RMA have resulted in groundwater

contammalaon both onpost. and oflpost. (Environmental Science and Engineering, Inc [ESE], and

others, 1988, BLA and ESE, 1992, Ebasco and others, 1991) The distance a groundwater contami-

nation plume extends from its source area depends on numerous factors including the contaminants'

behavior in the environment and the amount of time of release The extent of the groundwater

contammant. plumes at RMA ranges from a few hundred feet from their source to several miles

(BLA,1995b) In 1975, the Army iratiated. regional surface-water and groundwater monitoring

programs to assess both onpost and offpost contamination. The prograrn implemented to monitor

groundwater contamination at RMA have changed in scope several times since 1975 and are

currently administered under the GNT The results of the GM? were reviewed and utihzed in this

mvestigation to assess the extent of known groundwater contamination. Screening of suitable areas

for the landfill includes avoiding areas of known groundwater contamination (see the discussion of

Avoidance Areas m Section 4 2 1) Groundwater contamination plume maps presented in the
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Proposed Final DAA (Ebasco, 1994) were also utilized in the potential landfill screening process

(Section 4.3 1)

4.1.3 Highway 36 Cherriical Waste Treatment/Solidification and Disposal
Facility Plan

HLA reviewed the Chemical Waste Treatnent Solidification. and Disposal Facility Plan (Howard

Needles Ta=en & Bergendoff, 1981) to evaluate the requirements for siting a hazardous waste

landfill in Colorado The plan was intended to meet or exceed the applicable federal requirements

under the RCRA, Adsm County regulations, and the Colorado Department of Public Health and

Environment (CDPHE) (formerly the Colorado Department of health [CDH]) regulations for hazardous

waste treatnent and disposal facilities at the time it was published.

The requirements and prime considerations in 1981 for the Highway 36 Facility site selection

included

0 Suitable geologic conditions

0 Located near waste sources

0 Sparsely populated area

0 Good transportation access

No adverse envuonmental impact anticipated

0 A%-adabLht) of utilities

0 Land avadabLhq and size requirements

0 No nearb,, airports

0 Favorable topographLy

0 Soil suitable for liner material

Not located within growth corridor

Not within fault zone

Not within 100-year floodplain

Not located within wetland area

21907 703030 Harding Laimson Associates 4-11
0103070695 LSF



Area Feasibility Study

0 No iinpact on endangered or threatened species and critical habitats

0 Extensive buffer zone

a Not located in aquifer recharge zone

0 Favorable evaporation rates with Tninimal rainfall

These regulatory requirements and siting conditions are still generally applicable as a guide for

ident#ing potential landfill areas at RMA.

4.2 Landfill Siting Criteria and Policies

The landfill siting criteria and policies were identified using current, applicable State of Colorado

and federal regulations and RMA specific policies developed by PMRMA and the USFWS These

landfill siting critena and policies were used to identify potential landfill areas in Section 4 3

The following subsections present brief discussions of each landfill siting criteria listed in Table 4.3

and the primary and secondary criteria used It should be noted that the regulatory criteria are

always the primary criteria adopted and the secondary criteria are included to strengthen the site

screening process for further assurance of waste isolation-

Fauffs

According to Colorado regulations (6 CCR 1007-3, 264 18[al), hazardous waste landfills may not be

located within 1000 feet of a fault that has had displacement in Holocene time (i e , the last

10,000years) This regulatory citation is the primary anteria adopted No evidence of faulting

during the Holocene Epoch has been established at RMA-

There has been some discussion of potential faulting within the Denver Formation (WES, 1983) at

RMA- Recognizing faulting within the Denver Formation is complicated by the discontinuous nature

of the sedimentary deposits Faults were generally identified by displacement of distinct hthologic

units within a formation. If, however, the units within the formation are discontinuous because of

lateral facies changes that occurred during deposition, it is difficult to assess whether discontinuities
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are due to faulting or sedimentaryfacies changes For this reason, the queston of whether Tolnor

discontminties within the Denver Formation are due to faulting or depositional changes is difficult to

answer it is recognized, however, that any faulting that did occur within the Denver Formation

probably occurred concurrently wiffi settlement of the Denver Basin during the Laramide Orogeny in

Late Cretaceous (i e , 65 million years before present) and Early Tertary (i e , 55 million years before

present) It has yet to be determined if these suspected areas are due to Denver Basin settling

deformation, lithologic changes, or minor faulting The Denver Formation was deposited in the

Upper Cretaceous and early TerbLary Periods, which ended approximately 65 million years ago.

Floodplain

Colorado regulations state that new landfills must be located outside the 100-year floodplam

(6 CCR 1007-3, 264 -18[b]), which is defined as any area sub)ectto a I percent or greater chance of

flooding in any given year from any source

The U S Army Corps of Engineers (COE) (1983) produced a 100-year floodplain map for the area

encompassing RMA is shown in Figure 4 2 This regulatory citation is the primary criterion adopted

Salt Fonnations

Noncontamenzed or bulk liquid hazardous waste may not be placed within salt dome formations,

salt bed formations, underground mines and caves (6 CCR 1007-3. 264.lL8[c]). This Colorado

regulatory citation is the primary criterion adopted. However, no known salt formations exist at

RMA-

Surface WaterlGroundwater

The Colorado regulatory citation states that 'hazardous waste disposal facilities shall not place wastes

directly under or into surface water or groundwater that has a pote atial or existing beneficial use or

that ism direct communicationwahan aquifer" (6 CCR 1007-3, 264 181d]) This citationis the

primary criterion adopted The previous landfill siting studies at RMA (see Section 4 1) suggest
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using target depths to groundwater (Table 4 1) to ensure this criterion is met The secondary target

criteria stated in Table 4 3 are to maxu=e the depth to groundwater

Airport Safety

Colorado regulations state that new landfill facilities within a five-mile radius of an airport runway

shall notify the CDPHE, local governing body having jurisdiction and the Federal Aviation

Adnonistration (6 CCR 1007-2, 3 1.1) This regulatory crtation is the primary criteria adopted

Denver International Airport runways are within five miles of RMA but are over five miles from the

preferred landfill site

Wetlands and Sensitive Habitats

According to Colorado regulations, new landfills shall not be located in wetlands, unless the

restrictions set forth in 40 CIFR 258.12 can be met (6 CCR 1007-2, 3 1.2). Wetlands (as defined by

6 CCR 1007-2) mea"n those areas that are inundated or saturated by surface water or groundwater at

a frequency and duration sufficient to support, and that under normal circumstances do support, a

prevalence of vegetation typically adapted for life in saturated soil conditions Wetlands generally

include swamps, marshes, bogs, and similar areas The USFWS delineated an area (shown in

Figure 4 3) that is acceptable to landfill siting and does not include any areas impacted by the

Endangered Species Act (ESA) (16 United States Code [USC] Sections 1531 to 1543) This area has

been screened by USFWS to exclude critical habitat such as wetlands and riparian areas, raptor

roosts and nesting sites within the Bald Eagle Management Area (BEMA), most prairie dog towns,

unique vegetation communities, and high public use area. According to ESA, the term "critical

habitat" for a threatened or endangered species means (16 USC Section 1532[5][A]).

(1) the specific areas within the geographical area occupied by the species, at the
time it is listed in accordance with the provisions of Section 4 of this Act, on
which are found those physical or biological features (1) essential to the
conservation of the species and (2) that may require special management
considerations or protection, and

(U) Specific areas outside the geographical area occupied by the species at the
time it is listed in accordance with the provisions of Section 4 of this Act,
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upon a determination by the Secretary that such areas are essential for the
conservation of the species

This regulatory citation is the primary criterion adopted The avoidance of sensitive wildlife habitats

is adopted as a secondary criterion

Seismic Impact Zones

Colorado regulations state that new landfills shall not be located in seismic unpact zones, unless the

owner or operator can demonstrate to CDH that all components are designed to resist the maxamum

horizontal acceleration in lithified earth material for the site (6 CCI? 1007-2, 3 14) Thisregulatory

c3tation is the primary criterion adopted RMA is located in an area of low seismic activity and

therefore is not in a seismic impact 7one.

Unstable Areas

Owners and operators of new landfills located in an unstable area must demonstrate that engineering

measures have been incorporated into the facility's design to ensure that the integrity of the

structural components will not be disrupted (6 CCR 1007-2, 3 15) Onsite soil conditions that may

result in significant differential settling, geologic, or geomorphologicalfeatires and onsite local or

man-made features or events must be considered (6 CCR 1007-2, 3.15) This regulatory citation is

the primary criterion adopted

Topography

The topography of the site shall maxumze protection against prevailing winds onsite and minimize

the amount of precipitation catchment area upgrachent of the site (6 CCR 1007-2, 3.1.6) This

regulatory citation is the primary criteria adopted Figure 4 4 presents a topographic elevation map

of RMA. The topography of potential areas will be evaluated based on this criterion.

Isolation

Colorado regulations state that landfills shall isolate wastes from the public and environment

(6 CCR 1007-2, 3.18) Emphasis will be placed on favorable geologic conditions over engineered
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improvements of marginal geological conditions (6 CCR 1007-2, 3.18) This regulatory citation is the

primary criterion adopted (See Hydrogeology and Geology, below.)

Hydrogeology and Geology

The geological and hydrological conditions of new hazardous waste landfill sites shall provide

reasonable assurance that the wastes are isolated within the disposal area and away from natural

environmental pathways that could expose the public for 1000 years, or some demonstrated shorter

period in which the wastes are transformed to an innocuous condition (6 CCR 1007-2, 2 5.3) The

assurance of 1000-year isolation is based on the following considerations

Geomorpbic conditions either will not vary significantly from the present state or will occur
to a predictable degree which can be accommodated in the facality design

The immediate area of the site is in strata of TniniTnal groundwater flow

The geologic strata surrounding the site combined with engineered barriers included in the
design shall provide a nunnnum permeability of 10-7 cm/s or equivalent of sufficient
thickness between the disposal location and the nearest domestically or agnculturally useable
aquifer to isolate any materials to be disposed therein

The 3uxtaposition of the site and any free flowing or standing natural surface waters shall be
such that disposal locations will not impact nor be impacted by such surface waters

The terrain is such that good drainage exists for movement of precipitation away from the
disposal area, and such that water and wind erosion will be Tninunal

The geochemical characteristics of the geologic strata at the site are compatible with the
waste categories proposed to be disposed at the site especially in terms of providing high
adsorption, absorption, or chemical fixation of any wastes that may nugrate from the
immediate areas where disposed (6 CCR 1007-2 2.5 3)

This regulatory citation is the primary criterion. Secondary criteria for hydrogeologyand geology

were developed to help in the site screening process The secondary criterion for hydrogeologyis to

avoid areas containing saturated alluvium The secondary criterion for geology is to minimize the

depth to bedrock.

Locaflon

The location of any hazardous waste facility shall be within a distance controlled by the

ownerloperator by an acceptable means to prevent adverse effects on the public health should
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unexpected discharges of haza dous, waste occur (6 CCR 1007-2, 2 5 6) This Colorado regulatory

citation is the primary criterion adopted A secondary criterion developed by PMRMA is to centrally

locate any hazardous waste facility within RMA to keep an adequate area around a facility controlled

by PNIRMA.

Buffer Zone

Colorado regulations state that sound levels of noise rachatuig from a property line at a distance of

twenty-five feet or more in excess of 80 decibels (for an industrial zone) between 7:00 am and

7.00 p.m shall constitute a public nuisance (Colorado Revised Statute [CRSI Sections 25-12-101 to

108) This regulatory citation is the primary criterion adopted

Avoidance Areas

Avoidance areas are not a regulatory criteria but are important when considering the feasibility of

siting a hazardous waste landfiL Avoidance areas at RMA include groundwater plumes containing
IF

RMA-related contaminants, human health exceedance areas, and contaminated subsurface soil areas

as delineated in the Proposed Final DAA (Ebasco, 1994) Figure 4 5 shows groundwater plumes at

RMA and Figure 4.6 shows human health exceedance and contaminated subsurface soil These

avoidance areas are a secondary criterion adopted

Area Required

The exact area required for a hazardous waste landfill at RMA has yet to be defined, and may be

ad3usted depending on the preferred remediation alternative selected for cleanup and or stabilýtion

at RMA. The area required is not a primary criterion since it is not regulatory based, however, based

on the results of Section 5.0, at least 87 contiguous acres are required to accommodatedthe largest

volume of waste to be landfilled.

National Historic Preservation Act of 1966

The National Historic Preservation Act of 1966 (NBPA) (16 USC Secton 470) requires that alteration

of terrain that may cause irreparable harm, loss, or destruction of significant artifacts or prehistorical,
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historical, or archaeological data, be reqwed to recover and preserve the artifacts and/or data, This

citation is not considered a suitability criterion, and was not used as part of the screening process

Cataloging of prehistorical, historical, and archaeological sites is currently in progress at RMA. The

presence of prehistorical or archaeological artifacts should not impact the siting of the landfill

However, if prehistorical or archaeological artifacts are identified, they must be recovered before

construction can proceed

Archaeological and Historical Preservation Act

The Archaeological and Historical Preservation Act (ABPA) (16 USC Sections 469 to 469C-1) estab-

lishes; procedures for preservation of historical and archaeological data that might be destroyed

through alteration of terrain as a result of a federal construction project or a federally licensed

activity or program If archaeological artdacts; are identified in potential landfill areas, AHPA may be

applicable However, this does not eliminate areas from being considered for landfill siting because

archaeological artifacts (.if found) can be cataloged and removed before disturban e takes place as

long as the site is not considered a national historic site If a site contains significant archaeological

artifacts, then the Archaelogical Resources Protection Act of 1979 may apply, eliminating the area

from future use

4.3 Identification of Potential Landfill Areas

The identificataon of potential landfill areas was performed using the literature and database review

from Section 4 1 and the landfill siting criteria and policies from Section 4 2 to screen RMA. The

potential landfill area identified in this section was used as the study area for the geologic and

geotechmcal in,. estigation. (Section 4 4)

4.3.1 Potential Landfill Areas Screening Process

Potential landfill areas were screened using the landfill siting criteria developed in Section 4 2

(Table 4.3) A series of overlay maps containing physical data, and exclusion and avoidance data,

were integrated using a GIS format The following map data were input into GIS for integration-
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Figure 4 2 100-year floodplain map (COE, 1983)

Figure 4 3 Wetlands and sensitive wildlife habitat avoidance areas (USFWS, 1994)

Figure 4 4 Topographic elevation contour map of RMA (2-foot contour intervals) provided by
D P Associates (surveyed 1988)

Figure 4 5 Organic groundwater contamination plumes (Ebasco, 1994)

Figure 4 6 Human health exceedance areas map (Ebasco, 1994)

Figure 4 7 Bedrock elevation contour map of RMA (compiled by BLA in 1992)

Figure 4 8 Water-level elevation contour map of RMA (HIA, 1992a)

Figure 4 9 Depth to groundwater contour map as measured fiom. ground surface (compiled from
the water-level contour map and topographic elevation map)

Figure 4 10 Depth to bedrock contour map as measured from ground surface (compiled from the
bedrock elevation map and topographic elevation map)

USFWS avoidance areas (Figure 4 3), organic contaminant ground"water plumes (Figure 4 5), 100-year

floodplain. avoidance areas (Figure 4 2), and human health exceedances areas (Figure 4 6) were

removed from. consideration as potential areas to site a hazardous waste landfill

The secondary siting cntena used to identify potential landfill areas listed in Table 4-2 for surface

water/groundwater, hydrogeology, geology, and location, respectively, are

46 MaxLmize depth to groundwater

Avoid saturated alluvium

Minimize depth to bedrock

Located centrally within RMA boundary

The secondary siting criteria for groundwater hydrogeology and geology mentioned above were used

to maximize hazardous waste isolation If in the event there was a breach in the landfill liner system

and a leak was to occur, the leachate would flow from the base of the landfill through the vadose

zone to groundwater Colorado hazardous waste regulations are written to protect the potential

downstream receptors and the most probable flowpath in this scenario would be through
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groundwater flow Maximizing the depth to groundwater contributes to waste isolation by increasing

the thickness of the vadose zone and, therefore, the time required for any potential contamination to

reach groundwater Avoidmg saturated alluvium contributes to waste isolation because the saturated

alluvium is in general more hydraulically conductive than the saturated Denver Formation.

Mmimizmg depth to bedrock helps isolate waste because, generally, the bedrock below the alluvium

has a lower vert:Lcal hydraulic conductivity than the alluvium and, therefore, creates a longer travel

time to groundwater The secondary anteria. of centrally locating a landfill within RMA, boundary is

a policy developed by PhUZMA to minimize potential waste hauling distances and create the largest

buffer to the public as possible

To identify suitable potential landfill areas, a series of maps were generated by applying different

combinations of suitable depths to groundwater and bedrock (five different depths to groundwater

and four different depths to bedrock) The potential maximum contiguous acreage identfied through

this GIS analysis using the various depths to groundwater and depths to bedrock is listed in

Table 4 4 and are presented and evaluated in the following subsection-

4.3.2 Potential Landfill Areas

The results of the potential landfill areas screening process are presented in six maps (Figure 4 11

through Figure 4 16) These figures represent the potential landfill areas available using the depths

to groundwater and bedrock parameters in Table 4 4 The suitable areas based on the applied

selection criteria increase in size as the depth to groundwater and the depth to bedrock parameters

become less restrictive

The six maps (Figure 4 11 through Figure 4 16) each show a consistent grey pattern that represents

the suitable areas identified using the primary landfill siting criteria A spatial analysis was

performed to eliminate those areas at RMA deemed unsuitable with respect to the prinýary landfill

siting antena- The primary landfill siting criteria (Table 4 3) include avoidance of wetlands,

sensitive habitats, 1 00-year floodplam, organic groundwater contamination plumes, and human
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health exceedance areas As noted in Table 4 3, some regulatory criteria are not relevant because

they are not encountered at RbLAL

The most restrictive parameters listed in Table 4 4 are

Depth to groundwater of 70 feet or greater

Depth to bedrock of 10 feet or less

The least restrictive parameters (while still maintammg unsaturated alluvium) listed in Table 4.4 are:

Depth to groundwater of 40 feet for greater

Depth to bedrock of 40 feet or less

Figure 4 11 presents the potential landfill area generated using the most restrictive parameters, and

Figure 4 16 presents the potential landfill area using the least restrictive parameters The most

restrictive parameters yield I contiguous acre of potential landfill area (Figure 4 11), while the least

restrictive parameters shown in Figure 4.12 yield 371 contiguous acres A balance is required to

(1) meet the siting criteria of maximizing the depth to groundwater and -mralmimn thedeptlito

bedrock and (2) retain enough acreage to facilitate the construction of a hazardous waste landfill

capable of containing the volume of waste generated during sitewide remediation at RMA. The

potential landfill areas identified in this section indicate that the western half of Section 25 at RMA

contains the most suitable area based on the landfill siting criteria and policies and screening

iterations

Section 5 0 will discuss the acreage required to construct a hazardous waste landfill with three

different waste volume assumptions (IL million, 2 3 million, and 6 million cubic yards).

4A Geologic and Geotechnical Investigation

This section presents the methods, results, and conclusions of a detaýded geologic investigation

performed in the western half of Section 25. As described previously, based on a GIS analysis
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performed as part of the Area FS study, the western half of Section 25 is the preferred area for the

location of the proposed ha 7a dous waste landfill at RMA- This geologic investigation was performed

to obtain further information on the suitability of the proposed area- Section 4 4.1 presents the field

and laboratory methods employed in the geologic investigation. Section 4 4 2 presents a detailed

description of the results of the mvestigation. Section 4 4 3 summarizes the results and presents

conclusions on the geologic suitability of the proposed area.

4.4.1 Geologic Investigation Methodology

A total of 33 boreholes were drilled in the western half of Section 25 for this investigation

(Figure417) Three of the boreholes were deep (drilled to a total depth of 175 feet bgs) and thirty

were shallow (drilled to a maximum depth of 50 feet bgs) The boreholes were surveyed by a State

of Colorado-licensed surveyor using the 1983 horizontal datum and the 1988 vertical datum The

eqinpment and procedures used for drilling the two types of boreholes are summarized separately

below More detailed information on the drilling, sampling, geophysical logging, and laboratory

testing methodologywas provided in the Final Work Plan for Material and Area FS Soils Support

Program (BLA, 1994c) (Appendix I)

4.4.1.1 Deep Coring and Geophysical Logging Program

Three deep boreholes were drilled by a U.S Army Corps of Engineers (COE) WES drilling crew using

a Failing 1500 rig The drilling rig was capable of both auger and rotary drilling Drilling in the

alluvium was accomplished using an 8-inch-outside-<hameter (OD) solid auger Continuous core

samples of the alluvium were collected using a 24-mch, spht-barrel sampler in the open borehole

Drilling in bedrock was accomplished by mud-rotary drilling and samples were collected using a 5-

foot-long, 4 5-inch-OD, 2 5-mch-mside-diameter (11)) core barrel using a wirelme system. A

temporary casing was set in the alluvium of each deep borehole and grouted in place to prevent the

unconsolidated materials from caving into the borehole
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The field crew consisted of a two-person drilling crew from WES and an BLA geologist The BIA

geologist documented the daily drilling activities including the following boring number, drilling

progress, pertinent observations such as equipment decontamination, photoionization. detector (PJID)

readings, weather, and surface conditions

The BLA geologist prepared a hthologic log of the spht-spoon and core samples recovered from the

borehole The logs included alluvium and bedrock descriptions usmg the USCS and the Munsell

color chart. Information on stratigraphic features such as beddiagor laminations, and structural

features such as fracturing or slickensides, along with other pertinent geologic information, was noted

ontheboringlogs The soil and bedrock cores recovered from the drilling program were packaged,

labeled, and stored in RMA Building 728

Immediately upon completion of the dnlhng and sampling, the boreholes were geophysically logged

by Colog, Inc (Colog), of Golden, Colorado Colog used the following geophysical logging tools

Normal resistivity

Spontaneous resistivity

Snigle-point resistivity

G a

Full waveform. sonic

Neutron

After the boreholes were geophysically logged, they were grouted to the ground surface with a

cement/bentorute grout mixture using a tremmie pipe A stake was placed at the borehole location

with the appropriate boring identification number The locatonand ground surface elevat:Lonof the

boring was surveyed by a Colorado-licensed surveyor
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4.4.1.2 Shallow Boring and Geotechnical Testing Program

Thirty shallow boreholes (Figure 4 17) were drilled by a lAyne Environmental drilling crew using a

mobile Central Nfine Equipment (CME 75 or 750) drilling ng The ng was eqLupped with 3-1/4-inch

hollow-stem augers and 2-foot long, 2.5-mch-ED, spht-spoon soil samplers The spht-spoon samplers

were driven using a drilling rig-mounted 140-pound automatic shde hammer at a 30-inch drop

The field crew consisted of a two-person drilling crew from Layne Environmental, an BLA geologist,

and an HLA engineering technician. As described in the deep drilling program, the HLA geologist

was responsible for documentationof the daily drilling activities The HIA engmeenngtechmcian

was responsible for sample handling, packaging, and shipment.

The HIA geologist prepared a hthologic log of each shallow borehole in the same manner described

in the deep driffing program. While drilling through the alluvium and to a depth of at least 5 feet

into the weathered bedrock, continuous spht-spoon samples were collected Samples were collected

from the spht-spoon samplers at 4-foot intervals in 500 ml plastic jars for geotechnicaltesting Atthe

same 4-foot interval, 5-gallon bucket samples were collected from the auger cuttings for additional

geotechnical testing Once drilling had advanced at least 5 feet into the weathered Denver Forma-

ton, no further spht-spoon samples were collected (due to spht-spoon refiLsal) and from that point

on, hthologic logging and soil samples were collected from auger cuttings

Samples collected from the boreholes were shipped to HLA!s laboratory in Houston, Texas, for

geotechrucal property testing The samples were analyzed for the followinggeotechnicalproperties-

Percentage of
Test Name Test Method Samples Tested

Particle size ASTM D422 100
Atterberg 1=ts ASTM D4318 100
Natural moisture content ASTM D2216 100
Remolded compaction ASTM D698 10
Remolded permeabihty IEM1110-2-19096 10
Shrink swell ASTM D427 and D4546 10
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Percentage of
Test Name Test Method Samples Tested

Organic content ASTh/1 D2974 10
Shear strength ASTM D4767 and D2850 I

Upon completion of the dnlhng and sampling, the boreholes were grouted to the ground surface

using a cement/bentorate grout A stake was placed at the borehole locaton with the appropriate

boring identification number. The location and ground surface elevation of the boring was surveyed

by a Colorado-licensed surveyor.

4.4.2 Geologic Investigation Results

The following sections present the results of the geologic investigation. As descnbed above, two

types of soil borings; were drilled for different data 6b)ectives; and, therefore, the results of the two

programs are presented separately In this section, the results of the two drilling programs are

integrated and conclusions on the suitability of the proposed area aie presented

4.4.2.1 Geologic Setting

The geologic setting of RMA has been described in detail by MKE (1988), and Ebasco (1989), and the

groundwater hydrology beneath the site has been described by May (1982) A brief overview of the

geologic site conditions is described below to provide a framework for understanding the results of

the geologic investigation in Section 25

RMA is located within the Denver Basin, a north-south trending syncline The syncline is

asymmetrical with steeply dipping beds that are faulted against the Colorado Front Range on the West

and gently dipping beds on the east that extend into western Kansas and southwestern Nebraska.

The basm extends from north of Cheyenne, Wyoming, to south of Colorado Springs, Colorado RMA

is near the structural axis of the southern portion of the syncline wbere the uppermost beds chp on

average less than 1 0 to the southeast.
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The topography at RMA is expressed as gently rolling hills, wide plain and shallow basins. The

elevation above mean sea level ranges from 5340 feet in the southeastern part of RMA to 5120 feet in

the northern part of RMA

Before the formation of the Denver Basin, the area near what is now RMA received an influx of

various types of sediment as a result of primarily alluvial depositional processes The Denver Basin

was downwarped to a synchne during the Laramide Orogeny in Late Cretaceous and Early Tertiary

time, and the Fox Hills Sandstone, the Laramie Formation, the Arapahoe FormatLon. and the Denver

Formation were deposited (Figure 4 18) Additional alluvial sediment was deposited over the Denver

Formation until the late Tertiary period, when regional uplift caused the erosion of this additional

sediment at RMA, as well as part of the Denver Formation Subsequently, Quaternary sediment was

deposited at RMA

This report focuses on the Denver Format-ion and Quaternary deposits because they contain the

principal aquifers in contact with potential contaminant sources within RMA A claystone layer

forms the base of the Denver Formaton and provides a confinin layer between the Denver

Formation and the underlying Arapahoe Formation.

Alluvium The Quaternary surficial deposits, coTnTn only called the Quaternary alluvium, consist of

unconsolidated alluvial and colluvial fill and eolian sand The alluvial and colluvial. material is

composed of volcaraclastic material and glacial outwash containing cobbles and boulders in a matrix

of clay, silt, sand, and gravel Older coarse-gmmed alluvial deposits generally are in areas along the

South Platte River and the western part of RMA. Paleochannels eroded into the Denver Formation

are also filled with coarse-gramed sand and gravel Younger eolian and alluvial deposits are finer

gramed than the older surficial deposits and commonly form the uppermost alluvial deposits

throughout much of RMA
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The Quatemary alluvium typically ranges from 0 to 50 feet in thickness but locally fills

paleochannels eroded into the Denver Formation to a depth of 130 feet (May, 1982) The surficial

geology at RMA is almost entirely alluvial material and the Denver Formation is exposed at the

surface in only a few locations (Figure 4 19) Eohan deposits consisting of fine sand, clay, and silt

occur as a thin discontinuous veneer that overhes most of the surficial material at RMA-

Denver Formation. The Denver Formation is believed to have been originally about 900 feet thick

over the RMA area (MICE, 1988), but it has been eroded to a maximum. of 500 feet thick in the south-

eastern comer of RM.A. The formation thms to the northwest and is absent beneath the South Platte

River, where it has been completely eroded. As much as 40 feet of the upper Denver Formation are

weathered and the weathered zone is in direct contact with the Quaternary alluvium

The Denver Formation consists of a thick sequence of shale and claystone with interbedded siltstone

and sandstone lenses, deposited by low-ener8y fluvial processes in a dLsW alluvial plan

environment Ohve, bluish-gray, and brown colors dominate the upper part of the formation because

of lithic fragments derived from the erosion of basaltic and andesitic volcaniclastic material

Sandstone lenses are taia to brown an d consist of well-defined fluvial. channels and laterally variable

crevasse splay sands and overbank deposits Iagmte beds and carbonaceous shales are also present.

Stratgraphic correlation of units within the Denver Formation is difficult because of the

discont.muous nature of the sandstone lenses and the lateral variability in thickness and composition

of other units A relatively thick, laterally continuous hgmte layer, Imown, as hgnite A, occurs within

the South Plants, North Plants, and Basin A area. Iagmte A has been used as a marker bed from

which all other zones in the Denver Formation have been referenced (Ebasco, 1989a, 1989b) Denver

Format:Lon stratigraphy (Figure 4.20) has been interpreted using this and other hgmte layers as

marker beds The stratigraphy illustrated in Figure 4 20 was adopted for the stratigraphic: correla-

tons presented in this report.
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The Denver Formation dips slightly to the southeast and the erosional bedrock surface slopes to the

northwest. Therefore, progressively deeper stratigrapbic units are erosionally truncated from

southeast to northwest. Examples of the truncation of the Denver Formation due to the slope of the

erosional bedrock surface are presented in the cross sections described in Section 4 4 2 3

4.4.2.2 Deep Coring and Geophysical Program Results

Three deep boreholes (BRB11094, ASB11194, and SABI1294) were successfully lithologically and

geophysically logged (Figure 4.17) The lithologic boring logs for the three boreholes are included in

Appendix E, and Appendix F includes the boring survey locations, and surface and bedrock eleva-

tons The geophysical logs are included in Appendix G

Geophysical logging of the three boreholes was completed by Colog Results of the investgation are

presented the Geophysical Logging Services Report in Appendix G Based on the results presented in

the report, there was good correlation between the geophysical log response and the lithologic core

descriptonsin the three deep boreholes The geophysical log responses were consistent with fine-

gramed, clay-nch, poorly consolidated sediments

Variations in geophysicalresponse recorded on the geophysical logs illustrate the lithologic

differences between the three bonngs Borings BRB11094 and SAB11194 correlate on both the

lithologic and the geophysical logs The correlationof Bonug ASBI1294 with the other two borings

is less definitive According to the geophysical logging report, the differences in the geophysical logs

between ASBil 294 and the other two borings may be attributed to the shallower bedrock depth and

a lower depth to water table at ASB11294 Amore apparent difference between the borings is

lithologic. A lignitic zone identified in BRB11094 and SABI1194 betwee33.5178 and 5184 feet

elevation is not identifiable in the geophysical logs of ASB11294

Cross sections were developed using the lithologic boring logs developed during the deep boring

program to evaluate the differences identified in the geophysical response between the three
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boreholes The cross sections are presented in Section 4 4 2.3 and illustrate the interpretations of the

hthologic correlation across the study area.

4.4.2.3 Shallow Boring Gootechnical Program Results

StraUgraphic and Lithologic ReInfionships

The site-specific lithologic: and stratigraphic: relationships of the Quaternary alluvium and the Denver

Formation were studied in the weste m half of Section 25 in detail through the construction and

interpretaton of 16 cross sections A cross section grid was constracted across the study area and is

illustrated in Figure 417 Ten cross sections were oriented subparallel to strike (A-A'to J-J') and six

were oriented subparallel to structural dip (K-K' to P-P') Eight of the sucteen cross sections in the

gad, considered most representative of the study area geology, are included in this report to illustrate

the interpretations presented herein (Figures 4 21 through 4.28)

Lithologic information used to construct the cross sections was taken from the 30 shallow bonngs

and the 3 deep bonngs drilled as part of this investigation. Additionally, boring logs generated

durmg, the installation of existing monitoring wells in the study area were used in the cross sections

Correlations of similar lithologic units were made for each cross section over relatively short

distances and by correlating the poinis at which the cross sections intersect (tie points) This method

of correlating site geologic data allows for an evaluation of the stratigraphy and specific lithologic:

intervals in a three-dimensional frameworlr-

Quaternary Alluvium The geologicstrata characterizing the site indude the Quaternary alluvium

and Denver Formation The alluvium encountered in the 33 bonngs consists of clay, silt, very fine-

to fine, to medium7gramed sand and iinnor amounts of coarse-gmined sands. On the cross sedtons,

the different types of alluvium are grouped based on the particle size- analysis performed on the soil

samples Those samples with greater than 50 percent of the sample passing the number 200 sieve

are identifted as clay or sandy clay (CL or CH according to USCS classifications) Those samples

that had less than 50 percent passing through the number 200 sieve are identified as sand, silty sand,
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or clayey sand (SP, SM, SC, or SW) None of the samples was classified as ngravels" according to the

particle size analysis, however, if a significant amount of gravel was noted in the boring log, this was

identified on the cross section. The finer grained deposits are probably loess or colluvial deposits,

and the coarser grained deposits may represent alluvial channels or terrace gravel deposits

The alluvium ranges in thickness from approximately 5 to 58 feet bgs as measured in boreholes

within the study area The mterpretation of alluvial thickness is not always st-ai&-forwarcl in the

study area because the differences between alluvial sand deposits and weathered sandstone deposits

are often subtle and difficult to unmediatelyrecognizein the field When a question arose about the

interpretation of a sand as alluvium or bedrock, the following guidelines were used: (1) increased

blow counts are indicative of a weathered bedrock deposit, (2) oxidation zones such as iron and

manganese oxide are indicative of weathered bedrock, and (3) fine- to medium-gramed sands with

little or no clay component are more indicative of weathered bedrock deposits

Denver Formation. In the study area, the Denver Formation consists of predominantly thick

sequences of claystone with interbedded and interfingering thin, lenticular sands and locally thick

cl-iannelsands In this area, carbonaceous; and hgnitic coal seams are common.

Stratigraphic correlation of the Denver Formation was based on the vertical position of sand units

relative to two distinct hgnite marker beds, Lignite A and Lignite B The stratigraphy shown on the

cross sections is comparable to that reported in thLe Water Remedial Investigation and Study Area.

Reports (Ebasco, 1989b) and adopted by subsequent studies at RMA (BLA, 1992b, 1ý,M, 1994).

Based on the available boring data, individual 'sand units" were mapped that fall within the

stratigraphic Zones A, 1U, and I (See Figure 4 20 illustrating the stratigraphic nomenclature) Cross

section D-D' (Figure 4-22) best illustrates the stratigraphy in the study area since both lignites and the

three sand units are present in the cross section,
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As proposed by NffCE, 1994, the designation of "sand units' as distinguished from "sand zones" (from

Ebasco, 1989b) was adopted for this report. The 'sand unit" designation means that the sand beds

identified in this report, such as "A Sand" correlate across the study area based on the cross sections

presented in this report. The subtle difference between a "sand unit" m this report and a "sand zone'

in the Ebasco (1989b) can be illustrated in the following manner. The sand unit identfied as "A

Sand" in fins study is interpreted to be the depositional equivalent to, for example, the "A Sand" that

underlies Ligmte A identified in the South Plants area (BLA, 1992b) The sand unit "A Sand"

iderttified in the study area is not, however, interpreted to correlate across Basin A into South Plants

without further interpretation across the Basin A area. To summarme, the two "A sands" were

deposited in the same stratigraphic sequence, however, the lateral correlation of this discrete package

of sand, 'sand unit," outside the study area is not implied

The sandstone units within the Denver Formation were deposited primarily as overbank and channel

sands The channel sand facies consists of fining-upward sequences that begin with coarse gravelly

sand (channel lag), fining upward to mechum-grained sands, with fine-grained sands at the top The

channel sand facies were deposited in meandering river belts and are flanked by the overbank sand

facies The overbank sand facies consists of lenticular, laterally discontinuous sand beds composed

of very fin--- to fine-grained sand with an increased silt and clayýsized fraction-

On the basis of the cross section evaluation and previous investigations at RMA, the inferred lateral

extent and subcrop pattern of the three sand units identified in the study area are illustrated in

Figures 4 29 to 4 31 The A Sand is the uppermost sand unit encountered Lu the study area. It is

laterally discontinuous and subcrops into the alluvium as illustrated in Figure 4.29 TheiU Sand

underlies the A Sand and subcrops into the alluvium to the north of the A Sand in the north central

portion of the study area. The 1U Sand (Figure 4 30) extends across most of the study area and

subcrops in the northeast comer The I Sand unit probably represents a channel sand deposit that is
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oriented southwest to northeast Thick sequences of sand (up to 50 feet in Figure 4.31) lie within the

central portion of the study area and are flanked by thinner, overbank deposits

HydmgeologLc Results. A detailed hydrogeologic investigatLon of the hydrogeology at the preferred

landfill location was not included in the scope of this mvestigation. For clarity, however, a brief

overview of the hydrogeologic information known about the site is presented. The two groundwater

flow systems of interest in the study area are the unconfined and confined flow system In the

western half of Section 25, the quaternary alluvium is primarily un aturated which means that the

flow in the unconfined flow system occurs within the weathered Denver Formation- Conftned flow

occurs in the unweathered Denver Formation. Figure 4 32 illustrates the water-table map and areas

of un aturated alluvium for the unconfined flow system generated under the GUT for water year

1993(HLA,1995b) In Section 25, since the unconfined flow system occurs primarily in the

weathered bedrock, the groundwater flow direction is controlled primarily by the bedrock surface

For example, as illustrated on the map (Figure 4.32), the areas of Ingh groundwater elevation overlie

areas where the bedrock surface is high.

Geatechnical Program Results

Geotechrucal tests were preformed on samples collected during the shallow boring program (1) to

evaluate the matenal at the proposed landfill site for use in the construction of the landfill, (2) to

evaluate certain properties of the soil such as shear strength for engineering requirements such as

slope stabiht-, (3) finther characterize the site-specific geology This section presents the results of

the following geotechmcal properties tested

Particle size analysis

Atterberg limits

Natural moisture content

Compaction or Proctor tests

Permeability
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Shear strength

Organic content

Pafficle-SiLze Analyses and Atterberg LmIts. Particle size analyses and Atterberg limits were

performed on 335 soil samples Table 4 5 lists the results of the analyses. Of the 335 samples

analyzed, 65 percent had greater than 50 percent of the sample pass through the No 200 sieve and

are therefore classified as clay The remaining 35 percent of the samples were classified as follows

3 0 percent were clayey sand (SC), 3 percent were silty sand (SM), and the remaining 2 percent were

classified as SP-SM, SW-SM, SC-SM, Iffl, and ML

Additional classification of the fine-gLamed or clay samples was based on the plasticity chart As

illustrated in Figure 4 33, the Atterberg limits indicate that 29 percent are classified as high plasticity

clay (CH) and 36 percent classified as low plasticity day (CL). The liquid linuts, ranged from 25 to

88 percent The plasticity indices ranged from 5 to 75 percent

MoLsture Content. The natural moisture content was measured in 318 soil samples The results

indicated the natiral moisture content of the soil samples ranged from 2 to 33 percent The average

moisture content of the soil samples was 12 percent

Compachon Tests. Compaction tests were conducted on 29 soil samples As listed in Table 4 6, the

optimum moisture content ranged from 12 3 to 18 7 percent The maximum dry densities ranged

from 102 2 to 117.6 pcf.

Permeability Tests Fifty-eight permeability tests were conducted on 29 soil samples (two tests per

soil sample) to evaluate the hydraulic conductivity of the compacted soil. The tests were conducted

on samples compacted to 90 and 95 percent relative compaction at approximately 2 percent above

optimum moisture content Table 4.6 lists the results of the permeability tests The permeability of

the compacted soil samples ranged from 158 x 10-5 to 111 x 10-8 C3331s
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Shrinkage Limits and Swell Pressure Twenty-nine samples were analyzed for shrinkage hnuts and

swell pressure and the results are listed in Table 4 6. The shnnkage limits ranged from 116 to 42.1

percent The swell pressures ranged from 20 8 to 312 2 pounds per square foot (psf)

Orgamc Content. The organic content of 29 soil samples was measured, and Table 4 6 lists the

results of the tests The organic content measured by weight of the sample ranged from 1.3 to

8 8 percent In general, the samples with the highest organic content were collected from the surface

to a depth of 4 feet- The increased organic content is primarily due to roots penetrating into this

shallow zone.

Shear Strength- Shear strength tests were to be performed on samples collected in Shelby tubes

from the 30 shallow borings. Shear strength tests were not performed on the samples because the

samples could not be successfully extruded intact from the Shelby tubes due to the unconsolidated

nature of the samples For information on shear strength of the alluvium at RMA, shear strength test

results were presented in the Final FS Soils Support Program Report (BLA, 1995a) The tests were

performed on soil samples collected from the proposed low permeability soil borrow areas in

Sections 20, 23, 25, and 29

4.4.3 Geologic Investigation Summary

The results of the geologic and geotechnical investigaton performed m the western half of Section 25

are summarizedas follows The site-specific lithologic and stratigraphic relationships of the

Quaternary alluvium and the Denver Formation were studied in detail through hthologic and

geophysical logging techniques The site is underlain by approximately 5 to 60 feet of alluvium that

unconformably overlies the Denver Formation. The alluvium consists primarily of clay, silt, and

very fine- to medium-grained sand with minor amounts of coarse sand and gravel. The alluvium is

unsaturated throughout most of the study area except in the northwest comer of Section 25 where it

becomes saturated
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In the study area, the Denver Formation consists of thick sequences of claystone, with inteibedded

sandstone (channel sand and overbank deposits) and ligrate beds Stratigraphic: correlation of the

sand units within the Denver Formation was based on the vertical position of the sands in relation to

hgmte beds A and B that occur in the study area. Three sand units were identLfied in the study area

as the A sand, IU sand and I sand The sand units are up to 50 feet thick, and each sand unit

subcrops into the alluvium within the study area as illustrated in the cross sections and subcrop

maps (Figures 4 20 through 4.31) Two groundwater flow systems occur within the Denver

Formation- the unconfined flow system that occurs within the upper weathered portion of the

Denver Formation and the confined flow system that occurs within ihe primarily unweathered

Denver Formation

The geotechnical test results indicate approximately 65 percent of the samples collected from the

study area are classified as clay and 35 percent are clayey sands Permeability tests were performed

on one compacted clay sample from each borehole Approximately ImIf of the samples tested

achieved vertical permeability values less than 1 x 10' cm/s Thus, approximately half of the

boreholes in the study area have clay soil that could potentially be used in the construction of the

landfill Further evaluation of the feasibility of using the onsite clay soil in construction of a

hazardous waste landfill is presented in Section 5 0

4.5 Area Feasibility SiUdy Conclusions

Conclusions of the Area FS are as follows

Previous landfill siting studies conducted at RMA do not take into account current regulatory
requirements for siting landfills in the State of Colorado.

Seventeen siting anteria. were adopted for use in locating a preferred area at RMA for a
hazardous waste landfill The cntena are based on regulatory requirements, insttLitional
requirements and concerns regarding future land use of RMA by the USFWS. The criteria
adopted are presented in Table 4.3

Using the siting criteria established in this report, a GIS analysis was performed to identify
areas at RMA that meet the sintabihty criteria. Based on the GIS analysis, the western half of
Section 25 was selected as the most suitable area for locating the landfill.
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Geologic and geotechnical. results indicate the site is conducive to construction of the landfill
with primarily clay and claystone underlying the site Sand units were mapped in the area.
However, based on the size of the landfill required, the areas where the sand units subcrop
into the alluvium may be avoided, if necessary, as described in the following section.

Based on the results of this study, groundwater occurs prinianly within the Denver Formation
in both unconfined and confined flow systems A detailed hydrogeologic study should be
conducted to evaluate groundwater flow velocities and vertical grachents between the two
flow systems in the area

IF
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Table 4.11 Previous Rocky Mountain Arsenal Laneffill Siting Criteria

previous Landfill Siflust Studies

Siting Criteria WES, 1083 USATHAMA, 1084 EBASCO, lose

Faults Not addressed >200 foot from a Holocene >ID00 foot from a Holocene fault
fault

Floodplain Outside 100 year floodplaIn outside 100 year floodplain Outside 100 year floodplain

Salt formations Not addressed Not addressed Not addressed

Surface wa(or/groundwator >40 feet to groundwater >20 foot to groundwater Maximize depth to groundwater, (argot >40 foot

Airport safoty No( addressed Not addressed Not addressed

Wetlands Not addressed Not addressed Not addressed

Seismic Impact zone Not addressed Not addressed Not addressed

Unstable areas Not addressed Not addressed Not addressed

Topography Not addressed Not addressed Not addressed

Isolation Not addressed Not addressed No4 addressed

Hydrogeology No saturated alluvium Not addressed No saturated alluvium

(;eology <3o feet to bedrock and no sand channels In the Denver Formation Not addressed Not addrossod

Locations Not addressed Not addressed Not addressed

Buffer zone >I mile from RMA boundary Not addressed > IWO foot from RMA boundary

Avoidance areas Not addressed Not addressed NDt within RMA avoidance areas or dedicated land use

Area required Not addressed Not addressed >1000 acres Initial target

Sensitive habitats Not addressed Not addressod Not addressed

Ebawo Ebasco Services, Inc
USATHAMA U S Army Toxic and Hazardous Materials Agency
WES Roy F Weston Environmental Services
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Table 4.2 Boring Logs for Section 25

WeR No Bare No WeR No Bore No. WeII No Bore No

25002-25004 777 25040 LM-8 (2) 26073 804
25003 907 25041* - 26074 804
25005-25006 824 (N-24) 25042* - 26075 804
25007 827 25043* 26091 491
25008-25010 1186 (E5) 25044* 26097 640
25011-25014 1168 (E6) 25046* 26123 905
25015-25017 1195 (Eq) 25047* 26143 825
25018-25020 1187 (EIO) 25048 EP-29 26144 825
25021 1230 (AP3) 25048 EP-29A 26150 EP-49B2D3
25022 LM-2 (1) 25049* - 26150 EP43
25023 LM-2 (3) 25050* - 26155 EP-49B2D2
25024 LM-2 (2) 25051* - 26159 -
25025 LM- 3 (3) 25052* - 26500 NM91261
25026 LM-3 (2) 25053* 36151 1229
25027 LM-4 (1) 25054* - 787
25028 LM-4 (3) 25055* - 156
25029 LM-4 (2) 25056* - 826
25030 LM-5 (1) 25057 - 130
25031 LM-5 (2) 25058 L-5
25034 LM-6 (1) 25059 L-3
25035 LM-7 (1) 25060 25-1 P1 L-4
25036 LM-7 (3) 25061 25-1 P2 19
25037 LM-7 (2) 25062 25-1 EX 61
25038 LM-8 (1) 25500' - 12
25039 LM-8 (3) 26056 644

AP Basin F - South Plants borings
E Borings located in the east section of the arsenal (regional study)
EP Enviro=ental Science and Engineering, Inc. borings
L Hazardous landfill borings sites
LM Hama dous landfill borings: sites
N Borings located in the Basin A neck area (regional study)

* Ebasco borings

# Momson-Knudsen Engineering (hUCE) borings
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Table 4.3: Current Rocky Mountain Arsenal Landfill Siting Criteria

i aminii smox ( morin RaLmintimix RojLuln(ory Criforla Adolitod 111A. 1904911111A Criteria Doxcripilon ('11allon Primary Siting Criforio Adopted Stirotulary Sillug Criteria

rallits >10M roof from a I lolocoun fault 0 MR 1007 J. 264 18(a) > IU(KI 11(iot from u Holovonu fault> 21141 Inal floul it I lolm (11111 fillill OM M 1007 2, 1 1 3

Floodplaln Onisido 1(m) yoar floodijklu 11 (-.(,t( 111117 -1. 264 1 11(h) Oulsido NO ytmr nondpinin
Not io, ia(o I,, ,nocitipinium I., U (,(,It IMP 2, J 17
duffilod III t-081111111011

Salt formations Not within sail formations 6 MR 1007 1, 204 10(c) Not willain sail I'mmallons

Surfaco watortgroundwator No waslo placed below or into 0 U, R W07 1, 204 18(d) No waste placad holow or Into surfoct) walor or MIIXIIII170 (1011111 to gronudwatorsurraco walor or groundmior 8101111dwalor
No waslo pincod bolow or Into BUAI ID07 2. 3 10
surface water or gioundwidur

Airport safety Notification If facility Is W1111111 0 CCH I tX)7 2. 3 1 1 Noiffloallon If facility Is within 5 miles of5 miles of runway runway

Wollands Not locn(ud lit wollonds 6 GGR 1007 2. 3 12 Not within walland

S8181.11c 11111"mt 70110 Not lDLMIOd In 811141111L 11111111i I YUII0 0 CLIt IM17 2,314 Not lota(ad III solsinic Impam zollo willjoulWilhoul 41111nonhhollon (10111011shation

a-Des 1,401 W1111111 11119011111o "ran 0 CCR M17 2. 1 15 No( within unstable area

Topography maximizo prnlor lion rtol" W11141 0 CCR IMP 2, :110 Maximize protaction frorn wind andand prorlpila(lon t a(clunout area ptOCIpliallOll CatLilinent (%me
Isolation Isointo waste l1rom publit aml 6 CCR 1W7 2, 3 18 Isolate waste from public and environmentenvironment 0 COR 1007 2 4 1

Ilydragw1ogy Reasonable assurance that waste 0 CCR 1007 2. ['art 2, 2 9 3 Reasonable assuraims that waste 19olatod for Avoid saturntod alluviumlsolniml for IMM) years 1OIX) y1mrs

Geology Heasol.able assumme that waste 6 CUK 11W 2, Part 2, 2 5 3 Rnasounbld ossujisim-o Ilml wasto (solalml for Miulmize depth to bedrockisolated for 1009 yums 100) yea Is

21007 MIM10 (2) 
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Table 4.3 (continued)

Landfill Sillng Criteria Regulations Regulatory Criteria Adopted HIA, 1904
Siting Criteria DescripHon Citation Primary Siting Criteria Adopted Secondary Siting Criteria

Location Within distance controlled by 0 CCR 1007-2, Part 2, 2 5 0 Within distance controlled by Army to prevent Contrally located within RMA
Ariny to prevent adverse effects to adverse effects to public health boundary
public health

Buffer Zone Noise levels within limits CRS Sections 25-12-101 to 108 Noise levels within limits

Avoidance Areas None None None Avoid areas with future land use
and areas of known groundwater
or soil contamination

Area Required None None None To be evaluated

SonsiUve Habitats None None None Avoid sensitive habits

Historic Prosorve(lon Inventory, preserve or recover NHPA, AHPA, ARPA To be evaluated Avoid prehistoric and historic
historical, prohlo(orical, or areas
archaeological artifacts/data

AHPA Archeological Historic Preservation Act
ARPA Archaological Resources Protection Act, 1070
CCR Code of Colorado Regulations
CRS Colorado Revised Statute
HIA Harding Lawson Associates
NHPA National Historic Preservation Act, 1966
RMA Rocky Mountain Arsenal

21907 703G30 (2) 2 of 2
0103063DN RAr



Table 4.4 Depth to Bedrock and Groundwater Parameters
Used During Geographic Information System Screening

Maxunum.
Depth to Depth to Coub-guous

Groundwater Bedrock Acreage Figure
(feet) (feet) (aam) Number

30 10 12 NA
30 20 152 NA
30 30 301 NA
40 10 7 NA
40 20 142 MA
40 30 273 MA
40 40 371 4 '12
50 10 6 NA
50 20 114 NA
50 30 217 415
50 40 299 4.16
60 10 4 NA
60 20 76 4.13
60 30 128 NA
60 40 138 414
70 10 1 411
70 20 13 NA
70 30 32 NA

NA Not apphcable

21907 703030 Harding Lawson Associates
0103032495 RAF



Table 4.5s Particle Size, Atterberg Limits, and Molstuire Content Results

Percent Passod Moishire Liquid Plasticity
Boring Sample Doptli No 200* Content" LimiV index#

Niunbor (foot) (50- (0/6) M N USCS* USCS Description*

SABI 1394 400 68 32 11 0 41 22 CL Brown sandy loan clay
SAB11394 800 5264 99 45 29 CL Brown sandy loan clay
SABI1394 1200 1660 5 5 NA NA Sm Brown silty sand
SABI1394 1600 1741 56 NA NA Sm Brown silty sand
SABI1394 1700 28 22 46 22 4 SG-SM Brown silty clayey sand
WEB11494 400 18 02 100 41 23 CL Brown sandy clay
WEB11494 000 62 32 101 41 24 CL Brown sandy loan clay
WE-B114q4 1200 5090 8 9 31 13 C11 Brown sandy loan clay
WEB11494 1600 69 50 141 42 24 CL Brown sandy loan clay
WEB11494 2000 5946 145 44 26 CL Biownsandy loan clay
Wr,-B11494 2400 35 92 107 40 24 Sc Brown clayey sand
WEB11494 2800 23 23 100 39 23 Sc Brown clayey sand
WFB114q4 2960 27 65 74 58 36 Sc Brown clayey sand
WEB11494 3050 (3017 138 66 41 CH Brown fat clay with sand
WEB11494 31 00 98 11 21 7 72 47 CH Brown fat clay
WEB11494 31 50 9908 209 69 43 CH Brown fat clay
WEB11494 3250 9287 21 9 75 50 Cil Brown fat clay
WEB11494 3300 82 70 178 55 37 CH Brown fat clay with sand
WEB11494 33 50 90 34 181 52 33 CH Brown fat clay
WEB11494 33 70 7982 191 56 37 CH Brown fat clay with sand
ASB11594 4 00 6920 11 3 40 22 CL Brown sandy lean clay
ASBI1594 800 1457 90 43 26 CL Light brown sandy clay
ASB11594 1000 3452 65 41 24 Sc Brown clayey sand
ASB11594 1600 1477 59 NA NA Sm Brown silty sand
ASBI1594 20 GO 10 44 48 28 9 Sc Brown clayey sand
ASB11594 2400 31 65 38 28 10 Sc Brown clayey sand

ASBI1594 2700 1696 45 30 11 SC Brown clayey sand

ASBI1694 400 5839 73 42 24 C11 Brown sandy lean clay

ASBI1694 8.00 2263 38 40 17 Sc Brown clayey sand
ASBI1694 1200 14.20 36 NA NA Sm Brown silty sand
ASB11694 160,0 13 71 41 32 8 Sm Brown silty sand

21907 703030
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. ZOO* Contento Limie Index'

Number Abet) N N M USCS* USCS Description*

ASB11694 2000 10 31 49 34 16 SC Brown clayey sand
ASB11694 2400 17 B7 4 q 31 11 SC Brown clayey sand
ASBI1694 2800 5245 160 54 36 CH Brown sandy fat clay
ASBI1694 3200 8271 305 69 39 Cli Brown fat clay with sand
ASBI1694 36 GO 6837 175 56 39 CH Brown sandy fat clay
ASBI1694 4000 7018 190 41 20 CL Brown loan clay with sand
SAB11794 400 5615 103 57 37 CH Brown sandy fat clay
SAB11794 000 4765 123 46 28 SC Brown clayey sand
SABI1794 1200 1207 108 36 20 CL Brown sandy clay
SABI1794 1600 3617 76 38 23 SC Brown clayey sand
SABI1794 2000 2511 80 39 23 SC Brown clayey sand with gravel
SABI1794 2400 1166 56 45 27 SP-SC Brown sand with clay
SAB11794 3500 3206 46 31 14 SC Brown clayey sand
SABI1794 40.00 3638 68 31 15 SC Brown clayey sand
ASBI1894 400 83 11 104 44 23 CL Brown loan clay with sand
ASBI1894 800 61 15 94 43 24 CL Brown sandy loan clay
ASBI1894 12.00 5350 128 51 31 CH Brown sandy fat clay
ASBI1894 1600 5861 177 57 31 CH Brown sandy fat clay
ASBI1894 2000 71 76 176 49 31 rT Brown lGar. clay with sand
ASB11094 2400 8452 180 48 31 CL Brown loan clay with sand
ASB11094 2800 3305 62 39 17 SC Biown clayey sand
ASBI1894 3200 3789 55 45 29 SC Brown clayey sand
ASB11994 4 OýO 5646 82 41 22 CL Brown sandy loan clay
ASBI1994 800 5837 77 42 24 CL Brown sandy loan clay
ASBI1994 1200 36 32 40 38 20 SC Brown clayey sand
ASBI1994 1600 2301 3.7 37 18 SC Brown clayey sand
ASB11994 20.00 20.18 41 40 21 SC Brown clayey sand
ASBI1994 2400 2140 42 39 21 SC Brown clayey sand
ASBI1994 2809 1916 48 35 17 SC Brown clayey sand
ASBI1994 32 GO 1993 38 29 10 SC Brown clayey sand
ASBI1994 36 GO 2514 47 32 15 SC Brown clayey sand
ASBI1994 4000 2578 42 30 14 SC Brown clayey sand

21907 703030 2 of 11
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Table 4.6 (contlnued)

Percent Pn9sed Moisture Liquid Plasticity
Boring Sample Depth No 200' Content" Limitv Index#

Number (foot) (ýi6) (!,ýL (0/0) (0/0) USCS* USCS Description*

ASBI1994 4400 49 27 146 42 25 Sc Brown clayey sand
ASB11994 5000 59 51 22 2 75 44 Gil Brown sandy fat clay
ASB12094 400 6() 45 78 32 8 ML Brown sandy silt
ASB12094 000 5703 13 7 47 27 CL Brown sandy loan clay
ASB12094 1200 5892 12 9 44 24 CL Brown sandy loan clay
ASBI 2094 1600 1714 3 0 47 29 Sc Brown clayey sand with gravol
ASBI2094 2000 11 48 1 9 NA NA SP-SM Brown sand with sf It and gravel
ASB12094 2400 8 25 1 6 NA NA SW-SM Brown sand with silt and gravel
ASB12094 2800 1667 42 NA NA Sm Brown silty sand
ASB12094 3200 2067 42 39 20 Sc Brown clayey sand
ASB12094 3600 2648 42 41 24 Sc Brown clayey sand
ASB12094 4000 23 15 40 42 24 Sc Brown clayey sand
ASB12094 4400 2204 43 37 17 Sc Brown clayey sand
ASB12094 4800 2623 5 3 40 22 Sc Brown clayey sand
SAB12194 400 7440 104 39 19 CL Brown lean clay with sand
SAB12194 800 5605 78 39 24 CL Brown sandy lean clay
SAB12194 1600 4492 69 27 10 Sc Brown clayey sand
SAB12194 2000 6765 95 44 27 CL Brown sandy lean clay
SAB12194 2400 8886 140 53 35 CH Brown fat clay
SAB12194 2800 9665 286 73 43 CH Brown fat clay
SAB12194 3200 8864 249 75 52 CH Brown fat clay
SAB12194 3600 9756 23 8 80 62 CH Brown fat clay
SAB12194 400,0 9000 16 3 66 48 CH Brown fat clay
SAB12194 4400 91 59 151 54 30 CH Brown fat clay
SAB12194 4800 4915 90 46 28 Sc Brown clayey sand
SAB12294 40,0 7108 100 38 17 CL Brown loan clay with sand
SAB12294 800 63 47 11 2 44 26 CL Brown sandy loan clay
SAB12294 12.010 5259 11.6 48 31 CL Brown sandy lean clay
SAB12294 1600 6900 127 46 30 CL Brown sandy lean clay
SAB12294 2000 53 15 8 6 44 28 CL Brown sandy lean clay
SAB12294 24 00 2936 40 37 20 Sc Brown clayey sand
SAB12294 28 00 1175 2 5 63 42 SP-SC Brown sand with clay and gravel

21907-13030 3 r
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Table 4.5 (contlnued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content" Limit" Index#

Number (feet) N (%) - M USCS* USCS Description*

SAB12294 3200 4121 8.4 47 27 Sc Brown clayey sand with gravel
SAB12294 3600 93 55 220 50 35 CH Brown fat clay
SAB12294 4000 93 88 207 75 49 Of Brown fat clay
SAB12294 4400 9471 203 72 53 CH Brown fat clay
SAB12294 4800 8387 160 56 43 CH Brown fat clay with sand
SAB12394 400 5476 96 39 15 CL Brown sandy loan clay
SAB12394 8.0,0 5921 102 50 31 C11 Brown sandy fat clay
SAB12394 12.00 0678 128 49 35 CL Brown sandy loan clay
SAB12394 1600 4968 126 56 38 Sc Brown clayey sand
SAB12394 2000 713 1 5 NA NA SW-SM Brown sand with silt

SAB12394 2400 5697 229 78 47 CII Brown sandy fat clay

SAB12394 2800 6360 21 3 60 34 CH Brown sandy fat clay

SAB12394 3200 7474 14.1 56 41 CH Brown fat clay with sand

SAB12394 3600 8608 163 64 47 CH Brown fat clay
SAB12394 4000 7000 136 49 33 CL Brown sandy loan clay

ASB12494 400 6109 93 41 19 CL Brown sandy loan clay

ASB12494 000 4194 53 32 14 Sc Brown clayey sand

ASB12404 1200 19.84 41 NA NA SM Brown silty sand

ASB12494 M 00 21 82 30 MA NA S M. Brown. silty sand

ASB12494 2000 1893 3 2 27 9 Sc Brown clayey sand

ASB12494 2800 1909 35 28 7 SC-SM Brown silty clayey sand

ASB12494 3200 1955 3 2 36 18 Sc Brown clayey sand

ASB12494 360,0 17.65 34 51 25 Sc Brown clayey sand

ASB12494 40 GO 1992 34 40 21 Sc Brown clayey sand

ASB12494 44010 81 52 177 61 43 CH Brown fat clay with sand

ASB12494 48.010 9164 174 65 46 CH Brown fat clay

ASBI2594 4.010 7812 95 39 20 CL Brown loan clay with sand

ASB12594 800 5654 7.3 32 18 CL Brown sandy loan clay

ASB12594 12.00 43 J1 69 35 21 Sc Brown clayey sand

ASB12594 16.00 53 1 75 38 21 CL Brown sandy lean clay

ASB12594 2000 6984 11 1 42 24 CL Brown sandy lean clay

ASB12594 24.00 72.35 167 60 41 Cil Brown fat clay with sand

21907 703030 4 of II
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Table 4.5 (continued)

Porcont Passed Moisturo Liqidd Plasticity

Boring Sample Depth No 200* Contento Limit" Indexo

Number (feet) ("I ý) (0/0) M M USCS* USCS Description*

ASB12594 2800 77 22 177 76 56 CH Brown fat clay with sand

ASB12594 3200 83 93 180 94 75 CH Brown fat clay with sand

ASB12594 3600 86 79 13 7 59 42 CH Brown fat clay

ASB12594 4000 8787 176 78 58 CH Brown fat clay

ASB12594 440,0 93 76 228 88 65 CH Brown fat clay

ASB12594 48010 75 31 250 79 56 CH Brown fat clay with sand

SAB12694 400 4963 88 35 18 sc Brown clayey sand

SAB12694 0 GO 63 10 8 4 31 14 CL Brown sandy loan clay

SAB12694 1200 5906 106 37 19 CL Brown sandy loan clay

SABI 2694 1600 60 24 q 0 41 25 CL Brown sandy loan clay

SAB12694 2000 71 31 11 2 44 27 CL Brown loan clay with sand

SAB12094 24.00 51 81 11 2 43 29 CL Brown sandy loan clay

SAB12694 2800 53 27 145 52 35 Cil Brown sandy fat clay

SAB12694 3200 5285 13 8 46 27 CL Brown sandy lean clay

SAB12694 3600 53 16 145 55 36 CH Brown sandy fat clay

SAB12694 4000 87 16 15 2 56 39 CH Brown fat clay

ASB12794 400 6662 94 33 13 CL Brown sandy lean clay

ASB12794 800 50 78 90 33 14 CL Brown sandy lean clay

ASB12794 1200 63 00 121 43 22 CL Brown sandy loan clay

ASB12794 1600 8010 206 71 46 Cil Brown fat clay

ASB12794 2000 5630 94 35 18 CL Brown sandy lean clay

ASB12794 24 DO 51) 73 88 30 14 CL Brown sandy lean clay

ASB12794 280,0 01 03 9 2 36 18 CL Brown loan clay with sand

ASB12794 3200 7205 121 48 31 CL Brown lean clay with sand

ASB12794 36010 9767 196 77 51 CH Brown fat clay

ASB12794 40010 0865 11 3 48 31 CL Brown loan clay

ASB12794 4400 8693 12 2 57 39 C11 Brown fat clay

ASB12794 480,0 86 71 194 88 67 CH Brown fat clay

SAB12894 400 5439 75 31 14 CL Brown sandy loan clay

SAB12B94 800 5611 68 34 18 CL Brown sandy lean clay

SAB12894 12 DO 4480 92 33 17 SC Blown clayey sand

SAB12894 16010 4214 96 37 23 SC Blown clayey sand

21OW 703030 5 of 1i
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Timble 4.5 (contInued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content" Limitv Index'

Number (feet) (0/0) W (0/0) (96) USCS* USCS Description*

SAB12894 2000 5744 120 37 22 CL Brown sandy loan clay

SAB12894 2400 51 40 11.9 36 20 CL Brown sandy loan clay

SAB12094 28.00 51 35 12.4 35 19 CL Brown sandy loan clay

SAB12094 3200 6428 147 39 25 CL Brown sandy loan clay

SAB12894 3650 8941 208 50 31 CH Bt own fat clay

SAB12894 4000 6301 175 44 24 CL Brown sandy loan clay

SAB12894 4400 2902 13.0 47 23 SC Brown clayey sand

SAB12894 4800 761 45 NA NA SP-SM Brown sand with silt

BRB12994 400 4945 83 34 16 SC Brown clayey sand

BRB12994 800 5267 11 5 32 16 CL Brown sandy loan clay

BRB12994 1200 3767 130 51 30 SC Brown clayey sand

BRB12994 1600 39 73 91 41 26 SC Brown clayey sand

BRB12994 2000 6202 92 37 22 CL Brown sandy loan clay

13RB12994 2400 4716 100 44 20 SC Brown clayey sand

BRB12994 28.00 2488 56 41 24 SC Brown clayey sand

BRB12994 3200 3203 42 27 9 SC Brown clayey sand

BRB12994 36.00 5076 103 45 31 CL Brown sandy loan clay

BRB12994 40.00 77.48 187 46 25 CL Brown loan clay withsand
Or,

BRB12994 4400 4990 i 9. 5- 28 8 OU Drown clayey sand

BRB12994 48.00 54.29 263 48 30 CL Brown sandy loan clay

BRB13094 400 28 19 56 26 5 SC-SM Brown silty clayey sand

BRB13094 8.0ýO 50.72 7.4 33 14 CL Brown sandy loan clay

BRB13094 12.00 3696 62 41 23 SC Brown clayey sand

BRB13094 1600 4423 11.0 48 25 SC Brown clayeysand

BRB13094 2000 3983 97 48 30 SC Brown clayey sand

BRB13094 2400 5329 112 42 27 CL Brown sandy loan clay

BRB13094 28.00 81.28 104 50 34 CH Brown fat clay with sand

BRB13094 32.00 6233 12.3 50 33 CH Brown sandy fat clay

BRB13094 3600 64.80 111 53 37 CH Brown sandy fat clay

BRB13094 4000 87.48 207 71 48 Cil Brown fat clay

BRB13094 4400 8809 119 55 38 CH Brown fat clay

SAB13194 400 4853 B 6 34 15 SC Brown clayey sand

21907 7G3030 6 of 11
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No 200* Content" Limit" Index#

Number (feet) M - M M (96) USCS* USCS Description*

SAB13194 800 7601 78 34 14 CL Brown loan clay with sand
SAB13194 1200 5901 62 27 11 CL Brown sandy loan clay
SAB13194 1600 6224 0 7 38 21 CL Brown sandy loan clay
SAB13194 2000 6477 94 41 21 cl, Brown sandy loan clay
SAB13194 2400 68 10 go 38 19 CL Brown sandy loan clay
SAB13194 2800 63 11 104 42 22 CL Brown sandy loan clay
SAB13194 3000 5485 0 3 40 21 CL Brown sandy loan clay
SAB13194 3600 5769 9 9 44 25 CL Brown sandy loan clay
SABI 3194 3700 9711 15 7 50 32 CH Brown fat clay
SAB13194 4000 77 73 16 5 68 46 CH Brown fat clay with sand
SABI 3194 4400 0472 176 77 56 C11 Brown fat clay with sand
SAB13194 4800 0598 14 2 64 47 CH Brown fat clay
ASB13294 400 5409 86 33 15 CL Brown sandy loan clay
ASB13294 800 6012 91 34 12 CL Brown sandy loan clay
ASB13294 1200 4856 99 48 28 SC Brown clayey sand
ASB13294 1600 5618 7 1 38 23 CL Brown sandy loan clay
ASB13294 2000 3992 8 1 53 36 SC Brown clayey sand with gravel
ASB13294 2400 46 20 106 59 37 SC Bi own clayey sand with gravel
ASB13294 2800 8019 15 3 45 29 CL Brown loan clay with sand
ASB13294 3200 6963 174 62 42 CH Brown sandy fat clay
ASB13294 3600 8474 191 75 52 CH Brown fat clay with sand
ASB13294 4000 6808 13 3 51 32 CH Brown sandy fat clay
ASB13294 4400 73 58 140 54 36 C11 Brown fat clay with sand
ASB13294 48010 8487 176 76 51 CH Brown fat clay with sand
ASB13394 400 6536 87 32 16 CL Brown sandy loan clay
ASB13394 8100 5814 78 33 17 CL Brown sandy loan clay
ASB13394 1200 5001 69 28 13 CL Brown sandy loan clay
ASB13394 1600 5050 8 2 33 19 CL Brown sandy loan clay

ASB13394 200,0 35 23 46 30 15 SC Brown clayey sand with gravel
ASB13394 2400 6461 6 8 41 25 CL Brown sandy leqn clay
ASB13394 2800 5854 70 38 23 CL Brown sandy lo-an clay
ASB13394 320,0 4111 80 53 37 SC Brown clayey sand

21911r "q3030 7 r
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Table 4.9 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content* Limito Indexo

Number (fast) N K (%) -- 12q- USCS* USCS Description*

ASB13394 3600 61 52 11 1 58 41 CH Brown sandy fat clay
ASB13394 4000 7907 152 55 36 CH Brown fat clay with sand
ASB13394 4400 7099 158 55 34 CH Brown fat clay with sand
ASB13394 4800 9300 196 40 19 CL Brown loan clay
BRB13494 400 6311 67 30 9 CL Brown sandy loan clay
BRB13494 800 61 48 69 31 12 CL Brown sandy loan clay
BRB13494 1200 3761 63 34 17 Sc Brown clayey sand
BRB13494 1600 31 31 58 33 17 Sc Brown clayey sand
BRB13494 2000 3979 93 32 14 Sc Brown clayey sand
BRB13494 2400 51 87 11 8 34 15 CL Brown sandy loan clay
BRB13494 20.00 41 06 110 32 14 Sc Brown clayey sand
BRB13494 3200 38.17 104 35 17 Sc Brown clayey sand
BRB13494 3600 4635 138 30 10 Sc Brown clayey sand
BRB13494 4000 5276 146 38 20 CL Brown sandy loan clay
BRB13494 4400 83 25 198 49 29 CL Brown lean clay with sand
BRB13494 48.00 8072 222 49 28 CL Brown lean clay with sand
13RD13494 50.00 6087 262 47 26 CL Brown sandy lean clay
BRB13594 400 34.03 60 36 17 Sc Brown clayey sand
BRB13594 800 50.01 58 28 12 CL Brown sandy lean clay
BRB13594 1200 50.95 7 3 35 16 CL Brown sandy lean clay
BRB13594 16.00 51 14 74 37 20 CL Brown sandy lean clay
BRB13594 2000 4806 81 43 25 Sc Brown clayey sand
13RB13594 2400 5400 94 48 31 CL Brown sandy lean clay
BRB13594 2800 5996 83 39 20 CL Brown sandy lean clay
BRB13594 3200 5979 121 54 31 Cil Brown sandy fat clay
13RB13594 36.010 61.48 NA NA NA CH Brown sandy fat clay
BRB13594 4000 1987 72 46 24 Sc Brown clayey sand
BRB13594 4200 3477 140 48 30 Sc Brown clayey sand
BRB13694 400 3290 51 40 30 Sc Brown clayey sand
BRB13694 800 52.38 57 32 16 CL Brown sandy lean clay
BRB13694 120,0 6727 69 32 15 CL Brown sandy lean clay
BRB13694 160,0 65.17 83 39 23 CL Brown sandy lean clay
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Table 4.5 (continued)

Poicent Passed Moisture Liquid Plasticity
Boring Sample Depth No 200* Content* Linxit" Index"

Number (feet) - (2ý1 N (96) USCS* USCS Description*

BRB13694 2000 91 51 102 41 26 CL Brown sandy loan clay
BRB13694 2400 53 20 91 33 20 Gil Biown gandy loan clay
BRB13694 2800 6567 91 43 28 Gil Bi own sandy loan clay
BRB13694 3200 91 81 123 44 24 C1, Brown loan clay

BRB1 3694 3600 8698 169 58 37 Gil Brown fat clay
BRB13694 4000 9844 183 68 46 Gil Brown fat clay
BIZB13694 4400 96116 1q6 69 47 Cl I Brown fat clay
BRB13694 4800 9748 209 77 56 Gil Biown fat clay
BRB13794 400 41 85 60 30 11 SC Diown clayey sand
BRB13794 800 51 82 5 3 31 15 C1, Brown sandy lean clay
131Z1313794 1200 51 90 67 30 14 Gil Brown sandy loan clay
BRB13794 1600 47 2q 92 39 22 SC Bi own clayey sand
BRB13794 2000 41) 33 89 40 20 SC Bi own clayey sand
BIZB13794 2400 63 14 12 6 48 28 CL Brown sandy loan clay
BRB137q4 2800 9602 207 82 55 CH Brown fat clay
DR1313794 3200 86 34 200 77 52 C11 Brown fat clay
BRB13794 3600 94 42 15 3 61 41 CH Brown fat clay
BRI313794 4000 97 38 6 2 58 38 CH Brown fat clay
BRB13794 4400 95 12 13 7 59 42 Cl-I Brown fat clay
BRI313794 4800 96 57 149 58 38 Gil Brown fat clay
BRB13894 400 52 81 87 34 15 Cl, Brown sandy lean (,lay
BRB13694 800 66 23 6 9 31 11 C L Biown sandy lean clay

BRB13894 1200 40 29 70 33 16 SC Brown clayey sand
BRB13894 1600 44 22 69 36 18 SC Brown clayey sand

BRB13894 2000 4664 74 30 11 SC Brown clayey sand

BRB13894 24 GO 39 71 72 33 16 SC Brown clayey sand
BRB13894 2800 53 46 11 2 37 21 CL Brown sandy lean clay

BRB13894 3200 5254 109 41 26 Gil Brown sandy lean clay
BRB13894 3600 93 72 21 6 53 31 CH Brown fat clay
BRB13894 4000 7701 21 3 50 30 C11 Brown fat clay with sand

BRB13094 4400 1741 74 41 22 SC Brown clayey sand

BRB13894 480,0 2439 10 2 46 27 SG Brown clayey sand

21OU7 701030 9 of 11
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Table 4.5 (continued)

Percent Passed Moisture Liquid Plasticity
Boring Sample Depth No. 200* Content" Limit' Index*

Number (feet) N K (0/0) USCS* USCS Description*

WEB13994 400 2477 43 30 12 Sc Brown clayey sand
WE-B13994 800 2230 38 NA NA SM Brown silty sand
WEB13994 12.00 4003 48 25 8 Sc Brown clayey sand
WEB13994 1600 4993 102 38 20 Sc Brown clayey sand
WEB13994 2000 5884 109 36 17 CL Brown sandy loan clay
WEB13994 2400 63 51 126 39 22 CL Brown sandy loan clay
WEB13994 20.00 6490 15 2 37 20 CL B., own sandy loan clay
WED13994 3200 36 79 120 40 19 Sc Brown clayey sand with gravel
WEB13994 3600 8995 159 50 28 CH Brown fat clay
WEB13994 4000 9377 194 57 38 CH Brown fat clay
WEB13994 44.00 96.96 178 57 39 Gil Brown fat clay
WE-B13994 4800 9108 10.0 54 36 CH Brown fat clay
BRB14094 400 2795 57 33 17 Sc Brown clayey sand
BRB14094 000 23 17 40 29 14 Sc Brown clayey sand
BRB14094 1200 4084 90 35 15 Sc Brown clayey sand
BRB14094 1600 3210 56 29 20 Sc Brown clayey sand
BRB14094 2000 6096 301 69 29 MH Brown sandy elas silt
BRB14094 22.00 37.72 271 61 27 SM Brown silty sand

RB 4. 4 0 9 4 2400 78 CO 2 9 5- 8 2 C H Brown at civ -w'th sand
BRB14094 20 GO 8652 31 9 95 61 CH Brown fat clay
BRB14094 3200 8588 329 101 71 CH Brown fat clay
BRB14094 3600 0114 31.7 100 69 CH Brown fat clay with sand
BRB14094 40 GO 81 05 21 1 77 55 CH Brown fat clay with sand

BRB14094 4400 7523 205 64 44 CH Brown fat clay with sand
BRB14094 4000 7945 20.3 78 55 CH Brown fat clay with sand
BRB14194 4.00 41.33 55 30 9 Sc Brown clayey sand

BRB14194 0.00 4613 54 30 11 Sc Brown clayey sand
BRB14194 12.00 62.50 90 31 13 CL Brown sandy loan clay
BRB14194 1600 4740 79 37 20 Sc Brown clayey sand

BRB14194 200,0 44.35 67 32 14 Sc Brown clayey sand
BRB14194 2400 4545 72 35 19 Sc Brown clayey sand
BRB14194 2800 6700 219 61 31 CH Biown sandy fat clay
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Table 4.5 (continued)

Perront Passed Moistme Liquid Plasticity
Boiing Saniplo Depth No 200* Content' Lintit" Index"

Nitinbor (foot) - (%) -L%-) (0/6) (0/6) USCS* USCS Description*

BRI314194 3200 59 70 172 60 40 Gil Brown sandy fat clay

BRB141q4 3600 63 68 15 2 59 45 Gil Brown sandy fat clay

BRB14194 4000 56110 17 3 37 21 Gil Brown sandy loan clay

BRB14194 4400 82 54 18 2 59 41 Gil Bi own fat clay with sand

BRB14194 4800 71 11) 17 3 51 35 Gil Biown fat clay with sand

BRB14294 400 4989 67 35 17 Sc Bi own clayey sand

BlIB14294 800 5666 85 37 20 CL Bi own sandy loan clay

BRB142()4 1200 70 74 10 7 55 28 Gil Bi own fat clay with sand

BRB14294 lb 00 b7 217 11 1 36 20 Gil Brown sandy loan clay

BRB14294 2000 53 04 11 1 41 23 Gil Brown sandy loan clay

BRB14294 2400 56 02 13 7 48 28 Gil Biown sandy loan clay

131ZB14294 27 50 74 W 181 49 23 CL Biown loan clay with gand

BRB14294 3200 5863 169 48 22 Gil Bi own sandy loan clay

BRB14294 3600 53 83 179 51 29 Gil Brown sandy fat clay

BRB14294 4000 4886 184 52 27 Sc Brown clayey sand

BRB14294 4400 38 40 13 8 40 20 Sc Brown clayey sand

BRB14294 4800 4890 18 3 40 21 sc Brown clayey sand

BRB14294 5000 4b 64 27 3 55 31 SG Brown clayey sand

% Percent
ASTM American Society for Testing and Materials
NA Not analyzed
USCS Unified Soil Cln,39ifiGation Systoin

ASTM D 422
ASTM D 4318
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Table 4.61 Compaction, Permeabilityp Shrlnkq and Swell Results

OpHS1111111 MoistAlre Maximuln Permeability Permeability Swell Organic
Boring SaIIII)IO DOIA11 C0111011V My Density at 90 percent' at 95 percent' Shrinkaged Pressure' Contentf

Number (feel) N (PcO (c111/s) (C111/8) (0h) (PSO (96)

WEB11494 400 184 1022 1 31 x 106 1 54 x 10" 144 35 3 3 4
ASB11594 8 00 150 1097 2 14 x 10' 5 42 x 107 420 675 2 2
ASB11694 400 171 1058 5 11 x 10' 7 01 x 10' 13 6 358 3 3
SABI1794 1200 12 5 1174 1 66 x 10' 7 92 x 108 421 1174 1 3
ASBlIB94 Goo 140 1124 6 29 x 108 3 58 x 108 120 26 2 25
ASBI1994 800 15 2 1096 7 20 x 108 1. ll x log 163 41 2 16
ASB12094 800 15 1 Ill 3 2 54 x 108 1 lox 101 12 8 406 18
SAB12194 800 10 3 ill 8 0 37 x 108 A. 4 7 x 10-8 13 2 43 1 1 9
SAB12294 2000 170 110 2 5 Z8 X 10 7 3 03 x 10' 11 6 88 1 16
SAB12394 800 107 loq 0 1 76 x 106 1 3B x 108 142 79 4 2 0
ASB12494 400 178 1059 2 80 x 10' 1 67 x 108 145 502 2 2
ASB12594 800 144 1147 1 08 X 10 7 7 64 x 10' 148 113 8 19
SAB12694 1600 15 3 1139 6 77 x 10-6 5 00 x. 106 13 7 136 2 1 7
ASB12794 400 155 ill 8 3 70 x 10-8 1 54 x 10 a 140 278 2 9
SAB12894 1600 141 1151 5 47 x 106 2 61 x 10" 130 307 16
BRB12994 400 13 5 1158 6 09 x 106 8.16 x 106 142 50 5 1 9
BRB13oq4 2400 164 113 2 1 70 x 10' 1 34 x 10' 41 8 23 1 1 8
SAB13194 1200 142 1147 1 go x lo 1 2 39 x 10" 13 2 313 3 1 3
ASB13294 800 158 1105 3 89 x 107 4 96 x 10' 146 161 6 1 5
ASB13394 400 15.3 1102 7 18 x 106 4 01 x 10" 10 4 278 2 2 1 4
BRB13494 400 17 2 1039 3 66 x 10' 2 08 x 108 23 3 357 4 5
BRB13594 1200 142 1149 1 43 x 107 1 16 X 107 16 6 63 5 1 4
BRB13694 16 DO 151 ill 0 4 74 x 106 2 55 x 108 124 56 2 1 9
BRB13794 800 12 3 1176 0 05 x 108 2 30 x 108 151 467 1 3
BRB13894 1200 146 1127 8 24 x 10'0 3 96 x 10-8 171 293 1 5
WEB13994 2000 160 1107 5 46 x 108 4 51 x 10-8 13 5 3121 19

BRB14094 1600 13 2 1157 1 17 x 10' 8 02 x 10-8 130 278 1 3

BRB14194 400 13 8 1142 4 42 x 10-8 3 42 x 103 15 2 58 8 8 8
BRB14294 2000 176 1061 2 73 x 108 1 38 x 10-8 158 208 2 0

21907 703(*0 I of 2
o3loo3zow MF



Table 4.6 (continued)

96 Porcont
ASTM Amorican So( ioty foi Tost ing and Matm jals
P(,f Pounds por cul& foot
cm/s Continiolois por soron(I
psf Pounds por -3quaie foot

a ASTM D 2216
b ASTM 1) 698

EM 1110-2-19096
d ASTM D 427
0 ASIM D 4546
f ASTM D 2974

21007 701030 2 of 20310032605 RAF
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Figure 4 4
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Figure 4 5
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Potential Landfill Areas Am show In U"

23 24 Secondary Landfill Siting Criteria

The values listed below were used to determine
stung potential based on depth to groundwater

2z depth to bedrock and depth to saturated alluvium

Maximize Rocky Mountain Arsenal
Depth to groundwater (in feet)

Nonh Plants 10 to 70 feet Not suitable

70 to 90 feet Suitable No+e
I The -Surtable Aram- identified in this

Minimize figure are the result of a spatial

Been F 25 Depth to bedrock (in feet) analysis peformed to eliminate those

to Ph areas at RMA deemed linaultEble" wrth
27 0 to 10 feet Suitable respect to the primary and secondary

26 
landfill sftling criteria. The primary

10 to 80 feet Not Surtable landfill siting onterls Include
avoidance of wetlands senaftIve

11 Note Secondary landfill siting criteria habitat.% 1100-year floodplain organic
Includes unsaturated alluvkjm groundwater contanilnetion plumes, and

human health excesdance areas so listed
in Table 4 2 The secondary landfill
siting criteria are identified In the
box trtlad secondary landfill siting
criteria.

34 35 36 Suitable areas based on primary landfill siting criteria

Suitable areas based on secondary landfill Siting criteria,

Road

Section number

NWW;S Northwest Boundary
Comainiment System Prepared for

A r Sol Submerged Quench Incinerator Program Manager for

Rocky Mountain Arsenal

Commerce City, Colorado

Total suitable acres based on primary and secondary LWfill siting critena 1 Prepared by

Maximum contiguous suitable =as 1 Harding Lawson Associates

Figure 4 11 - Applied Selection

1000 0 2" 4" FEIFT Criteria - Depth to Groundwater

Greater Than or Equal to 70 fGet,

Scale 1 30 000 
and Depth to Bedrock Less Than

One kxh repreverrts 2,500 fwX or Equal to 10 feet



Potential Landfill Areas km show In GoLn

'21 24 Secondary Landfill Siting Criteria

The values listed below were used to determine
siting potential based on depth to groondwater

12 depth to bedrock and deprth to saturated alluvium

Max1mize Rocky Mountain Arsenal
Depth to groundwater (in feet)

J U was North Plants 10 to 40 f Bet Not suitable

40 to 90 fee Suitable Note
540 The 'Surtable Areasl- identified in this

Minimize figure are the result of a spatial

BWi F 1 25 Depth to bedrock (in feet) analysis peformed to eliminate those

27 te pus 4 Orem at RMA deemed -unsuitable" with
0 to 40 feet Suitable respect to the primary and secondary

landfill siting criteria The primaryj U7ý ýh c*26 40 to 80 feet Not Surtable landfill siting criteria Include
avoidance of wetlands sensitive

Note Secondary landfill siting criteria hab4tatz 100-year floodiplain organic
includes unsaturated alluvium groundwater contamination plume4 and

human health exceedance areas as listed
In Table 42 The secondary landfill
siting criteria are Identified In the
box titled secondary landfill siting
criteria

34 36 Suitable areas based on primary landfill sibing criteria

Suitable areas based on secondary landfill siting crileria.

3rI 
PAmd

12 Section number

NWacs Northwest Boundary
3r Containment System Prepared for

)-Tý Submerged Quench Incinerator Program Manager for

Rocky Mountain Arsenal

Commerce City, Colorado

Total surtable acres based on primary and secondary W-Kffill siting criteria 469 Prepareid by

Maximum contiguous surtablie acres 371 Harding Lawson Associates

Figure 4 12 - Applied Selection

low 0 2000 4" FEET Cri-teria - Depth to Groundwater

- Greater Than or Equal to 40 feet,

Sc* 1 30 000 
and DWth to Bedrock Lm Thm

Owui kich reprewirts 2500 fatit or Equal to 40 feet



Potential Landfill Areas Am show In figure

23 Secondary Landfill Siting Criteria
74

The values listed below were used to determine
sfbng potential based on depth to groundwater

21 depth to bedrock and deprth to saturated alluvium

Maximize Rocky Mountain Arsenal
Depth to groundwater fin feet)

Noah to 10 to 60 f Get Not suitablei U FO W I /

60 to 90 4cet Surable Note4, The 'Suitable Arew- identified in this
L i Minimize figure are the result of a spatial1, 11 Depirth to bedrock fin feet)

awn F 25 analysis peformed to eliminate those

27 PYA areas at RMA deemed 'Unsurtable' with
0 to 20 f set Suitable respect to the primary and secondary--- - landfIll siting criterls. The pnmwy26 20 "a 80 f set Not Suitable landfill siting criteria include

avoidance of wetlands, sensitive
Note Secondary landfill siting criteria habnata WO-yeer floodplain organic

Includes unsaturated alluvlurn groundwater contamination plumes, and
human hoe" exceadance areas as listed
In Table 42 The secondary landfill

A siting criteria are identified In the
1A box titled secondary landfill aftingt

14 antoria

34 35 30 Suitable areas based on primary landfill sItIng criterm

VA Suitable areas based on secondary landfill shM criteria

Road

Section number

NWECS Norrnwest Boundary
Containment System Prepared for

Program Manager forSubmerged Quench Incinerator
Rocky Mountain Arsenal

Commerce City, Colorado

Total suitable acres based on pinmary and secondary landfill siting catenal 81 Prepared by

Maximum contiguous surtab4e acres 76 Harding Lawson Associates

Figure 4 13 - Applied Selection

1000 0 2000 4" FeET Criteria - Depth to Groundwater

Greater Than or Equal to 60 feet,

sewe 1 30 ODO and Depth to Bedrock Lem Than
One kxh n5pnmra 2600 feet or Equal to 20 feet



Potential Landfill Areas Anle show In

24 Secondary Landfill Siting Criteria J i

The values listed below were used to determine
siting potential based on depth to groundwater I I I

22 depth to bedrock and depth to satUfdted alluvium

Maximize Rocky Mountain Arsenal
Depth to groundwater (in feet)

Worth 10 to 60 feet Not suitable

60 to 90 feet Suitable Note
The 'Suitable Areas- Identliled In this

Minimize figure are the result of a spetual

B=n F 25 Depth to bedrock (in feet) analysis peformad to eliminate those
areas at RMA deemed -unsuitable with27 t. NO 0 to 40 feet Suitable respect to the primary and secondary

26 40 to BO feet ?Jet Suitable landfill siting criteria. The primary
landfill siting criteria Include
avoidance of wetlands sensitive

Note Secondary landfill siting criteria habitats 100-year floodplam organic
Includes unsaturated alluvium groundwater contamination plurnes, and

human health exceadance areas as listed
In Table 4 2 The secondary landfill

"qw k siting criteria are Identified in the
box titled secondary landfill siting

t criteria.

34 35 36 Suitable areas based on primary Landfill siting ontaria

Suitable areas based on secondary Landfill sft)g anteila

Road

12 Section number

NWNM Northwest Boundary
Containment System Prepared for

Sol Submerged Quench Incinerator Program Manager for

Rocky Mountain Arsenal

Commerce City, Colorado

Total suitable acres based on primary and secondary Landfill siting criteria. 147 Prepared by

Maximum contiguous surtabia acres 138 Harding Lawson Associates

Figure 4 14 - Applied Selection

low 0 2000 4000 RWT 
Crrtena - Depth to Groundwater

EJIEDV=10001Cý Grower Thaq or Equal to 60 feet,

ScWe 1 30 OW and Depth to Bedrock Lesis Than

Om rch repýntx 2 500 fW or Equal to 40 feet



Potential Landfill Areas Am "m in &jtn

24 
Secondary Landfill Siting Criteria

The values listed below were used to determine
ailing potential based on depth to groundwater

22 depth to bedrock and depth to saturated alluvium

Maximize Rocky Mountain Arsenal
Depth to groundwater (in feet)

Noah Plents 10 to 50 feet Not suitable I
J U I I 

I
50 to 90 feet Suitable Note

4 The -Suitable Areas- identified In this
Minimize figure are the result of a spatial I

Rain F 125 Depth to bedrock (in feet) analysis peformed to eliminate those
,e7 t& Pilo areas at RMA deemed linsultable' with

0 to 30 f act Suitable respect to the primary and secondary
landfill siting criteria The primary

30 to 80 feet Not Suitable landfill siting criteria include

Note Secondary landfill siting crite-ia avoidance of wetlands sensitive
habitats 1013-year flood lain organic

Includes unsaturated alluvkjm groundwater conterninatEn plume-% and
human health exceedlance areas as listed
in Table 4 2 The secondary landfill
siting enteris are identified in the
box titled secondary landfill siting
criteria

34 39 36 Suiltable areas based on primary landfill siting critsiria

Suitable areas based on secondary landfill siting criteria

Road

Section number

Northwest Boundary
Containment System Prepared for

I =67E-ý4,t- r- Sol Submerged Quench Incinerator Program Manager for

Rocky Mountain Arsenal

Commerce City, Colorado

Total suitable acres based on pnma(y and secondary lariffill siting criteria, 233 Prepared by

Maximum contiguous suitable acres 217 Harding Lawson As9wates

Figure 4 15 - Applied Selection

1000 0 ZOOD 4000 FEET Crrteria - Depth to Groundwater
-- Greater Than or Equal to 50 feet,

ScOs 130000 and Depth to Bedrock Less Than
Om kvh reprowntz 2 600 fpe or Equal to 30 feet



Potential Landfill Areas Am Wwwn In figin

Tj 24 Secondary Landfill Siting Criteria

The values Ilsted below were used to determine
siting potential based on depth to groundwater

z2 depth to bedrock and depth to saturated alluvium

Maximize Rocky Mountain Arsenal
Depth to groundwater (in feet)

Noah 10 to 50 feet Not suitable
i U

50 to 90 fee Suitable NoteAV/ The 'Suitable Areas' identified in this
Minimize figure are the result of a spatial

F 25 Depth to bedrock (in feet) analysis peformed to eliminate those

17 ta PIW areas at RMA deemed 'Unsurtabler with
0 to 40 feet Surtdblo respect to the primary and secondary

26 landfill siting criterla. The primary
40 to 80 f eat Not Suitable landfill siting criterla include

avoidance of wetlands sensitive
Note Secondary landfill siting onteria habitats 100-yow floodplain organic

Includes unsaturated alluvium groundwater contamination plumer, aid

Will human heetth exceadance areas as [lead
In Table 4 2 The secondary landfill
siting criteria are identified In the
box tftled secondary landfill siting
criterla.

34 35 3a Suitable areas based on primary landfill siting critiew

Suitable areas based on secondary 6-indfill sitting citeria

Road

Section number

Wwws Northwest Boundary Prepared forContainment System

Sol Submerged Quench Incinerator Program Manager for
Rocky Mountain Arsenal
Commerce Crty, Colorado

Total suitable acres based (>n primary and secondary landfill siting crrtena: 325 Prepared by

Maximurn contiguous suitable acres 299 Harding Lawson Assoaates

Figure 416 - Applied Selection

1000 0 XODO 4000 FEET Criteria - Depth to Groundwater
Greater Than or Equal to 50 feet,

Sceie 1 30 000 
and Depth to Bedrock Less Than

Oiw irch rapýntz 2 500 f*W or Equal to 40 feet
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Prepared for Figure 4 18
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Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by*
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system Zoneand
Thickness Lithollogic Description

Gravel, silty sand, sandy siltý
Alluvium 0-120 7-7 -.7. ýF- and Clay, laterally variable x

0-25B B Sand, sandstone, and claystone

Volcanidastic 0 -50, Volcaniclasbc material and laterally equivalent
claystone and sandstone

A Upper (AU)
(0 -1T) sandstone,

A 0 7V A Middle (AM claystone,
(0-201 A Sand and lignite

A Lower (AL) (0-46')
(0-

LigniteA o-ii,

.2 0 -40'ILI (0 -36)

Lignite B 0 - 12'LLa-
CD 0-601

(0 541

Lignite C 0 13

2 0-56
(0-411

Lignite D 0 - 13'

0-46
(D 3 (0-331 Volcaniclastic material and laterally equivalent

claystone and sandstone

4 0 -5(r
(0 -

0 -25!5 (0-191

0 -30'6 (0-231

7 0-30,
(0-201
0 -4(Y8 (0-271

0-20,9 (0 - V)

Source Environmental Science and Engtneenng 1988 Note Thicitness not to scale, net sandstone thickness
shown in pareriftses

Prepared for: Figure 4 20
Program Manager for
Rocky Mountain Arsenal Denver Formation Stratigraphic Column
Commerce City, Colorado

Prepared by:
Harding Lawson Associates
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5.0 SITE FEASIBILITY STUDIF

This section presents the results of the Site Feasibility Study (FS) The primary objectives of the Site

FS were to identify an appropriate landfill site within the area identified in the Area FS and to

provide information on conceptual landfill models, design elements, construction costs, and

schedules The Site FS links the data from the Material and Area Feasibilyty Studies to evaluate the

site-specific requirements of an onpost landfill that will use onpost -soils for the soil component of

caps and liners, have sufficient capacity to dispose of anticipated wiste volumes, and meet applicable

federal, state, and local regulatory requirements

The study included a review and evaluation of the following criteria

0 Waste types, volumes, and generation rates

0 Regulatory antena

0 Specific site considerations and limitations

0 Conceptual landfill design alternatives

0 Evaluation and screening of alternatives

0 Facihty layout

0 Material quantities and availability

Construction cost estimates and schedules

Operations and maintenance requirements

5.1 Waste Data

Waste data is a critical component of any landfill design. The amount of waste requiring disposal

dictates the size of the landfill needed The type of waste impacts placement, compaction, and cover

cntena. The rate at which the waste is generated effects operation and maintenance anteria and

construction phasing The following section discusses

0 projected waste types that may be disposed of at an onsite hazardous waste landfill

21907 703030 Harding Unvson Associates 5-1
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Site Feasibility Study

Estimated waste volumes

Possible waste generation rates

The data presented are based on information obtained in the Proposed Final Detailed Analysis of

Alternatives (DAA) (Ebasco, 1994) as summarized by RUST Environment and b3frastructure (RUST

E&I, 1994)

5.1.1 Projected Waste TVpes and Characteristics

Based on information in the DAA, the potentially contaminated materials at the RMA that may be

landfilled can be classified into three waste types hazardous and tomc materials, unexploded

ordnance (LTXO), and surety-contammatedmaterials The two ma]or waste forms within these waste

types include contaminated soils and building debris

The actual waste volumes generated for landfilling will be dependant on the selected remedial action

alternative The alternatives define differing methods of treatment, storage, and disposal for

contaminated material Contarninat d materials that may be landfilled can be categorized as follows

Contaminated soil

Soil and debris treated by caustic washing

Soil treated by thermal desorption

Structural debris

The contaminated soil consists of excavated soil that is untreated. However, it is estimated that only

a small portion of the soil will contain listed or characteristic hazardous waste Metallic debris and

soil from UXO clearance operations are included in the contaminated soil category The second

category includes soil and structural debris that has been treated by caustic washing to address agent

contamination. The third category consists of soil treated by thermal desorption to remove organic

contamination. The final category mcludes untreated debris from the demolition of structures

5-2 Harding Lawson Associates 21907 703030
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Site Feasibility Study

5.1.2 Projected Waste and Landfill Volumes

Table 5.1 summarizes the estimated volume of material to be landi-Med for five different remedial

alternatives presented in the DAA. It is estimated that between 440,000 cubic yards (CY) and

4,400,000 CY of waste materials will require landfilling depending on the selected remedial action

alternative The preferred sitewide alternative in the DAA, Landfill/Caps Scenano, requires a waste

volume of 2,300,000 CY

For the purposes of this report, the min:unum and. maximum waste volumes shown in Table 5 1 were

increased to 1,000,000 CY and 6,000,000 CY to account for future adjustments in waste volumes

Based on this projected minimum and maxunum waste volume, thlee conceptual landfill models

were developed to account for diffei ent waste volumes and to provide a total landfill capacity that

accounts for the operational and intermittent cover materials that must be placed over the waste

Conceptual Model 2 is the preferred sitewide alternative and meets the waste volume requirements of

2,300,000 CY The three models are as follows

Conce-ptual Model No Total Landfill Volume (CY) Waste Volume (CY)

1 1,200,000 1,000,000
2 2,760,000 2,300,000
3 7,200,000 6,000,000

For conceptual design purposes, the total landfill volumes presented above include a 20 percent

volume mcrease over the needed waste volume to account for operational and intermittent waste

cover material

S.1.3 Waste Generation Rates and Schedule

Waste generation rates at RMA will primarily be dependant on wluch of the five remedial action

alternatives is selected and the duration of the remedial action- For this study, generation rates were

estimated based on a schedule of 260 landfill operating days per year (5 operating days per week for

52weeks) Addationally, two generation rates are estimated for ead3. alternative in the DAA based on

the development of remediaton time frames with and without funding limitations The funding

21907 703030 Harding Lawson Associates 5-3
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limitation case assumes an annual fianding limitation of $100 million for overall remediation

activities, which lengthens the reniediation period and decreases the generation rates Theremed-ia-

tion time fi=e includes landfill design, construction, and final closure Table 5.2 presents the

estimated waste generation rates for five different remedial alternatives presented in the DAA

Waste generation rates have been estimated to be in the range of 98,000 CY to 1,100,000 CY of

material per year without considering a funding limit Assuming the $100 million annual funding

limit, waste generation rates are estimated to be in the range of 37,000 CY to 280,000 CY of material

per year

6.2 Regulatory Criteria

Section 4 2 of this report describes the regulatory criteria that apply to siting a landfill in Colorado

A detailed review of all possible current requirements, such as a review of applicable or relevant and

appropriate requirements (ARARs) under CERCIA and the Superfund Amendments and Reauthon-

zation Act of 1986 (SARA) was not conducted as part of the current scope of wo& The ciateria.

listed in Section 4 2 will likely form the basis for siting a facility under a variety of regulatory

scenarios, such as a permitted facility under RCRA, a corrective action management unit (CkW

under RCRA, or as an mterun response action (IRA) under CERCIA The specific regulatory anteria

can be more fully developed once the regulatory framework for siting the facility is better defined.

5.3 Site-specific Considerations and Limitations

Following development of the range of landfill volume (1,000,000 CY, 2,300,000 CY, 6,000,000 CY),

the landfill conceptual models were further developed by reviewing and evaluating site conditions

and characteristics that could impact the construction of a hazardous waste landfill- Existing site

data was reviewed to identify specific hmitatons and considerations that may need to be addressed

in

The development of design alternatives

The specific placement of the landfill within the preferred area

5-4 Harding Lawson Associates 21907 703030
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Final design

16.3.1 Climate, Topography, and Surface HydroloSly

The site's climate is semiarid with an average annual precipitation of 15 inches The ma)onty of the

yearly precipitation typically occurs between the months of March and August. The agricultural

growing season is defined as the pen od between the last frost and the first frost, which averages

about 150 days, however, soil temperatures are high enough to sustain plant growth for about 250

days of most years Therefore, selection of the vegetative cover for the final cover system at final

design should take this into consideration to establish the necessary erosion protection year round

The ground surface in the vicinity of the prefeired siting area generally ranges in elevation from

about 5,280 feet above MSL to 5,225 feet above MSL and slopes towards the northwest. Figure 4.4

illustrates the onpost topography at EML In general, the area is a treeless plam- As illustrated in

the 100-year floodplam map of RMA (Figure 4 2), there are no ma:3or drainage channels across the

preferred landfill site First Creek is a well-defined channel crossing the RMA to the east of the

study area.

The footprints for the three conceptual models should be placed sucla that run-on to the landfill will

be Tninlmi7ed and runoff can be effectively managed As described in Sections 4.2 and illustrated in

Figure 4 2, the site is not within the 100-yearfloodpl-ain Drainage can be designed to comply with

regulations without any significant problems for any of the three proposed landfill volumes There is

sufficient area for ditches and other drainage facilities, existing slopes are acceptable or can be

amended without excessive amounts of cut and fill, and there is a receiving ditch north of the

footprint areas

Run-on to the landfill can be prevented by constructing ditches and/or berms A landfill perimeter

berm could serve this purpose
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A more detailed descnption of the topography, and surface hydrology is included in Section 4 2.1 of

this report.

5.3.2 Soil and Bedrock

The preferred landfill area is underlain by unconsolidated Quaternary alluvium and the Denver

Formation The alluvial soils encountered in the preferred landfill siting area generally consist of the

following two types of material (1) day and. sandy clay and (2) sand, silty sand and clayey sand

with occasional gravel

The depth to weathered bedrock (Denver Formation) in general follows the surface topography in the

study area and ranges from approximately 5 feet to 60 feet. The areas where depth to bedrock is

shallowest correspond with areas of high topographic elevation The Denver Formation generally

consists of three strata claystone with interbedded siltstone, lignite, and sandstone; sandstone, and

lignite/hgmtic claystone The alluvium is generally underlain by claystone; however, there are areas It

in the vicinity of the landfill siting area where Denver Formation channel sand units (sandstone) are

in contact with the alluvium Geologic cross sections are presented in Figures 4.21 through 4.28 A

more detailed description of the geological and geotechnical. study is included in Section 4 4 2 1 of

this report

Bedrock channel sands subcrop into the alluvium in three locations in the preferred landfill area, as

was noted in Section 4 0 (see Figures 4 29 4.30, and 4 31) Although there are no regulatory siting

anteria that require avoiding sand units, siting the landfill such that the base of the landfill were

placed above or into the subcrop sands could be a preferentaal pathway for leachate migration away

from the facility If possible, the specific siting should place the base of the landfill into claystone

If it is not possible to avoid the sand subcrop areas, the following alternatives are available

Apply appropriate landfill design technologyto minimize the potential impacts associated
with these features
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Include wet/dry sand subcrop monitoring points in the facility's monitoring program because
the saturated sand units could provide preferential migration pathways

5.3.3 Groundwater

As described in Section 4 4 2.3, there are two groundwater flow systems (the unconfined flow system

and the confined flow system) in the preferred landfill area. The unconfined flow system is the

primaU flow system of concernbecause it is the first groundwatersystem. encountered beneath the

site The unconfined flow system occurs at depths ranging from 20 to 70 feet below ground surface

(bgs) The groundwater flow direction in the unconfined flow system is generally to the northwest.

A groundwater surface contour map for the preferred area is presented in Figure 4 32 Figure 4 9

presents a contour map showing the depth to groundwater over the preferred area.

Hydrogeologic siting considerations at the preferred landfill site mcJude maximizing the depth to

groundwater and evaluating groundwater flow conditions with regal d to the long-term groundwater

monitoring At the preferred landfill location (western half of Section 25), the depth to groundwater

is greatest in the center of the area (Figure 4 32) For long-teringroundwater monitoring of the

landfill, it is preferable to place the landfill away from areas where groundwater mounds occur

because groundwater flows radially from these areas and monitoring for potential leakage is difficult

A groundwater mound e)asts that straddles the boundary between Sections 25 and 36 (Figure 4 32)

For these two reasons, siting the landfill within the central portion of western Section 25 is preferred

5.3.4 Geologic Hazards

The location of the preferred landfill siting area was selected where no geologic hazards such as

active faults, unstable areas, or poor foundation conditions are known to exist. Additional study may

be required as a component of subsequent engineering design.

5.3.5 Environmentally Sensitive Areas

The location of the preferred landfill siting area was selected to avoid wetlands, floodplain , sites of

historical significance, sensitive wildlife habitats, or other environmental sensitive areas
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6.3.6 Slope Stability Considerations

Proposed prehininary excavation plans should be developed such that the landfill bottom Will be

located in or near a competent bedrock formation (Denver Formation) consisting of either shale,

sandstone, hgmte, or claystone Slope failure within these formations is unlikely, considering the

slope geometry and proposed final. elevations

6.3.7 Settlement Considerations

The held and laboratory data indicate the alluvial soils are generally medium denselstiff to very

dense/stff- Assuming landfill geometry consisting of a 30-foot excavation and a 35-foot fill above

grade, the net maximum additional surcharge on the subsurface soils win be on the order of

600 pounds per square foot (psf). This magnitude of surcharge may result in settlements on the order

of 1/2 inch This estimate should be checked during final design-

5.4 Conceptual Design Alternatives

The conceptual design parameters of a hazardous waste landfill are intended to

Provide waste containment by separating the waste from the environment

Prevent contammant migration by encapsulating the waste

Confirm facility performance by planning, scheduling, and implementing a periodic site
monitoring program

The primary features of a hazardous waste landfill containment system are a liner system and cover

(cap) system that completely enclose the waste Containment system components and alternatives

are discussed in detail in sections below and are as follows

0 Liner Systems

a Leachate Collection and Removal Systems

0 Gas Management Systems

0 Final Cover Systems

0 Performance and Environmental Monitoring System

5.8 Harding Lawson Associates 21907 703030
1208070695 LSF



Site Feasibility Stud

SAA Liner Systems

Liner systems include multiple layers consisting of a combination of geomembranes/flemble

membrane liners (FWM), compacted clay liners (CL) or geosynthetic clay liners (GCL), and granular

soil or geosynthetc drainage layers The liner system is designed to Tninim e the release of

hazardous waste or hazardous waste constituents to the environment

Six liner systems were evaluated using EPA!s Hydrologic Evaluation of I andfill Performance (HELP)

Model, as shown below-

LandfiU Liner System Alternatives

Liner Ianer Liner Liner Liner Liner
Layer system System System System system System

(Top to Bottom) No. I No. 2 No. 3 No. 4 No 5 No. 6

I Geomembrane 60-mil 60-mil 60-mil 60-mil 60-mil 60-mil
HDPE HDPE HDPE HDPE BDPE HDPE

2 Barrier GCL CL GCL GCL CL CL
3 Drainage Geonet Geonet Geonet Geonet Geonet Geonet
4 Geomembrane 60-mil 60-mil 60-mil 60-mil 60-mil 60-Mll

BDPE HDPE HDPE HDPE HDPE BDPE
5 Barrier GCL GCL CL CL CL CL
6 Geomembrane N-A. N-4- N.A 40-=31 NýA- 40-mil,

HDPE BDPE

HDPE High-density polyethylene
CL 3 feet of compacted clay
GCL Geosynthetc clay liner
N.A Not applicable

Cross sections of each liner system are presented in Figure 5 1 The purpose of the tertiary

geomembrane included with Liner System Nos 4 and 6 is to provide a moisture barrier between the

moisture-conditioned compacted clay liner and the drier in situ soils The results of the evaluation

are presented in detail in Section 5.5.11
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5.4.2 Leachate Collection and Removal System

Leachate collection and removal will be an integral part of the overall containment system to prevent

contaminant migration. The system design will be of sufficient capacity and drainage capabilities to

effectively and efficiently manage leachate generated by the landfill

The leachate collection and removal system (LCRS) will be designed so the maximum head pressure

on the liner unm ediately beneath the system will be 12 inches A 12-inch layer of clean sand with a

200-foot maximum drainage length and 2 percent slope was assumed for liner evaluation with EPA!s

HELP Model as described in Section 5 5 1-1

A leak detection system (secondary leachate collection and removal system), similar to the LCRS will

be constructed between the primary and secondary composite liner systems. It will be designed to

intercept, collect, and remove any leachate that passes through the primary liner system Therefore,

it will serve both as a monitoring system for performance of the primary liner system and a

mechnni m for removal of leachate The volume of leachate removed from this system can be

measured and recorded to evaluate whether leakage through the primary liner exceeds the Action

Leakage Rate (ALR)

5.4.3 Gas Management System

The generation of gases from the land±Ming of RMA waste is expected to be Tninunal Thewastes

will be primarily soils and structural debris with little or no putrescable or decomposable waste

material It possible that volatile organic compounds (VOC) could be released by the contaminated

S031S

Gases generated may be managed using a passive venting system consisting of a granular soil layer

and a gnd array of collection pipes that will vent gases through the final cover system Gas vents can

be monitored for gas quantity and constituents, and can be fitted with VOC control devices, if

necessary
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5.4.4 Final Cover Systems

Cover (cap) systems include multiple layers, each selected to serve a specific function Layers

include an erosion control layer, a water balancelinfiltration soil layer, a dramage layer, and a barrier

layer Materials that maybe used for these layers include geomembranes/FML, compacted clay liners

or GCL, and granular soil or geosynthetic drainage layers The cover system is designed to provide a

physical barrier for containment of waste and have a low permeabihty The cover system is intended

to minimize percolation of water into the waste, thereby reducing the amount of leachate generated

There are a variety of natural and synthetic materials that may be combined in the design of a cover

system Four conceptual cover systems were evaluated using EPA!s HELP Model, as shown below

Landfill Cover System Alternatives

Cover System Cover System Cover System Cover System
Laver No. 1 No. 2 No. 3 No 4

i Erosion Control Sandy Loam & Sandy Loam & Sandy Loam & Sandy Loam &
Gravel Gravel Gravel Gravel

2 Water Balance Loam Loam Loam Loam

3 Drainage Geonet Geonet Geonet Geonet

4 Geomembrane 60-mil 60-mil 60-mal 60-mil
HDPE BDPE HDPE HDPE

5 Barner CL GCL CL GCL

HDPE Higb-densiq polyethylene
CL 3 feet of compacted clay

Cross sections of each cover system are presented in Figure 5 2 The results of the evaluation are

presented in detail in Section 5 5 12

The erosion control layer evaluated was 8 inches thick and will include 50 percent gravel rni ed with

the sandy loam- This layer will be seeded to produce a protective vegetative cover The water
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balance layer evaluated was 52 inches thick and Will include a 6- to 12-inch thick wormal exclusion

barrier near the top of the layer. The annnal intrusion barrier will consist of rocks or aggregates large

enough to prohibit burrowing smi-als from damaging the underlying liner system A geotextile filter

fabric will be installed between the water balance and the drainage layers. The drainage layer will

be geonet or gravel The drainage layer material will be selected to provide adequate removal of

water. The barner layer will be a composite of HDPE, and, either 3 feet of compacted clay or a GCL

6.4.5 Performance and Environmental Monitoring

Monitoring systems will be used to periodically confirm facility performance This will include the

monitoring observation wells around the facility, monitoring leachate collection and leak detection

systems, monitoring the gas management system, and inspecting the physical plant features.

Performance monitoring will be incorporated into the landfill operation and maintenance plan, as

described in Section 5.9

Environmental monitoring will be performed as part of the facility performance monitoring A

groundwater sampling and analysis plan will be used to establish background groundwater quality

Subsequent groundwater monitoring will be compared statistically to background values to identify

any significant changes

5.5 Evaluation and Screening of Alternatives

This section presents an evaluation and screening of the conceptual liner and final cover alternatives

developed in Section 5 3 Two forms of evaluation are utilized First, an effectiveness evaluation is

performed using the HELP Model Second, a cost evaluation is conducted by estimating the unit cost

on a square foot basis for each liner and final cover alternative

The final evaluation performed in this section evaluates the overall performance of the selected Imer

and final cover
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6.5.1 Effectiveness Evaluation

The ob)ective of the evaluation and screening of landfill technology alternatives was to develop an

appropriate range of waste management options to protect human health and the environment and

analyze them in detail with respect to specific site conditions

EPA!s HELP Model (Version 3), was used to assess the comparative effectiveness of various cover and

liner systems and evaluate waste isolation. The model was also used to predict potential leachate

production from a landfill using the best cover and Imer design under both "most likely' and 'worst-

case" scenarios The BE2 Model is a quasi-two-dimensional water balance model that predicts the

movement of water across, into, through, and out of landfills (EPA, 1994) Version 3 of the model

accepts various weather, soil, and landfill design data and uses solation techniques that calculate a

water balance The model accounts for components such as surface storage, snowmelt, runoff,

infiltration, vegetative growth, evapotranspiration, soil moisture storage, lateral subsurface drainage,

leachate recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane, or

composite liners

The following sections describe the HELP Model effectiveness evaluations for the landfill liner and

final cover

5.5.1.1 Landfill Liner Systern Effectiveness Evaluat;on

The BELP Model was used to evaluate the comparative effectiveness of six liner alternatives, which

consisted of various configurations of double, or composite, liner systems using geomembranes,

geonet, or sand drainage layers, and compacted day or geosynthetic clay barrier layers The six

alternatives are shown in Figure 5 1 To approximate conditions within a landfill, HELP Model

simulations of the liners consisted of adding additional water on top of the liners until approximately

12 inches of head was built up on the upper drainage layer (leachate collection system) This was

done to compare the effectiveness of the hners under maximum head conditions, not to predict
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actual values of leachate generated by the landfill Thus, the conditions used in this analysis are not

expected to exist during the operating, closure, or post-closure care penods of the landfill life.

To generate a consistent amount of hydraulic head in the upper layer (leachate collection system) of

each conceptual design, 100 years of synthetic precipitation data were generated by inputting a

consistent monthly average value for precipitation. Through iterative simulations, it was concluded

that a monthly average of 3 inches (an annual average of 36 inches) was needed to generate a long-

term average of approximately 11.8 inches of head in the leachate collecfaon system Evapotranspira-

tion was significantly reduced by setting the evaporative depth to 0 1 inches and the leaf area index

to 0 This was done to promote infiltration. All other weather parameters were set consistent with

the simulations of the caps

Table 5 3 presents the HELP Model input parameters for the various liner alternatives The liners

were configured such that the top layer represents the leachate collection system, which is underlain

by an upper bner consisting of 60-mil HDPF- Below these layers is a leak detection system

consisting of a sand or geonet drainage layer, which overlies the composite bottom liner system

Default BELP Model properties were used for all layers. Initial moisture contents were calculated by

the HELP Model

Two simulations were run for each alternative, a most likely case and a worst-case scenario The

assumptions used for these scenarios were the same as for the cover simulations, consisting of good

installation of geomembranes for the most likely case and poor installation for the worst-case

scenario Table 5 4 presents the results of the simulations for the various liner alternatives in terms

of the amount of leachate that may pass through the liner system, For the most likely case, all liners

performed approximately the same Even wit'a 1 foot of head in the leachate collection system

continuously for 100 years, only 2 5 x 10' in/yr of leachate is predicted to leak through the Imers

For the worst-case scenarios, leachate infiltraton is predicted to range from 0.04 to 0.5 m/yr. Under
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this scenario, the conceptual liner designs that included geosynthetc clay as the base layer (Ianer

System Nos 1 and 2) performed better than those with compacted clay or a tertiary geomembrane

liner as the base

The similarity of results for conceptual designs under the most likely case indicates that final

screening of the conceptual liner designs should consider cost and constructability, rather than

potential performance

6.5.1.2 Landfill Cover Effectiveness Evaluation

The HELP Model was used to assess the comparative effectiveness of four cover systems The four

alternatives are shown in Figure 5.2 and include various configurations of geomembrane and

compacted clay or geosynthetic clay barriers and sand or geonet drainage layers Key input

parameters in the HELP Model water balance approach include those associated with precipitation,

evapotranspiration, and runoff The performance of each system was simulated using 100 years of

weather data synthetically generated by the HELP Model using default Denver data as input A

review of the weather data generated by the HELP Model versus actual Denver data (from Stapleton

Airport) from 1905 to 1993 indicates that both the mean and. maxnnum annual precipitation are

greater for the synthetic data than the actual data, resulting in a conservative analysis with respect to

precipitation

Important parameters associated with evapotranspiration include evaporative zone depth, tempera-

ture, solar rachation, length of growing season, and leaf area index. One hundred years of synthetic

temperature and solar radiation data were generated using default values for Denver It was assumed

that "fair' grass would be maintained on all the cover systems, therefore the Denver default values of

evaporative zone depth (28 inches) and leaf area index (2.0) were used Default data for the length of

growing season for Denver were used-
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I

The Soil Conservation Service (SCS) curve number, which controls the runoff calculation, was

calculated with the = Model assuming a sandy loam surface soil with a fair stand of grass, a

surface slope of 5 percent, and a slope length of 1000 feet The final calculated value was 67 6,

which limits the overall runoff and indicates significant infiltration.

Table 5 5 presents the HELP Model input parameters for the various cover systems Model default

soil property data were used for all layers Each cover consisted of 8 inches of surface soil (sandy

loam) underlain by 52 inches of soil (loam) to provide water storage and frost protection. These

surface layers overlie either a sand or geonet drainage layer, which sits above a 60-mil HDPE

geomembrane The bottom layer of each cover is a compacted day or geosynthetic clay barrier layer

Ixutial moisture content of each layer was calculated by the B= Model

Two simulations were performed for each of the cover systems a "most likely" case and a 'worst-

case"scenano The IDELP Model allows for variations in the number of defects a geomembranehner

may contain- This is the key assumption in evaluating each of the cover systems, as they all contain

a 60-mil HDPE layer as the primary component Both simulations assumed that the geomembrane

Imer contained one pinhole per acre as a manufacturing defect- The most likely scenario assumes

that uistallation of the geomembrane portion of the cover is "good," with three construction defects

per acre and good contact between the geomembrane and the underlying soil (better contact means

less potential drainage) The worst-case scenario assumes poor construction, with ten construction

defects per acre and no contact between the geomembrane and the underlying soil

Table 5 6 presents results of the simulations for the cover systems As shown on the table, all the

systems were predicted to perform well for the most likely scenano, with virtually no water

(9 6 x 10 *' to 7.2 x 10' m/yr) inh1trating through any of the alternatives Landfill Cover System No 4

performed the best at limiting infiltration for the most likely scenano For the worst-case scenario, a

wider range of infiltration was predicted, ranging from 0 005 in/yr for Cover System No 4 to
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1119 in/yr for Cover System No I A review of the worst-case results indicates that the sand

drainage layer is predicted to perform better than the geonet drainage layer (Cover System No 3

versus No 1 and No 4 versus No 2) and the geosynthetic clay barrier performed better than the

compacted clay Cover System No 4, which contained both a sand drainage layer above the

geomembrane ancl a geosynthetc clay barrier below the geomembrane, performeci the best in the

worst-case scenario

in conclusion, the calculated inh1tration results for all the cover systems evaluated are similar and

very low The similarity of results for the alternatives under the most likely case indicates that final

screening of the cover systems should consider cost and constructability, rather than potential

performance

6.5.2 Cost Evaluation of Landfill Liner and Cover Systems

A unit cost was estimated for each liner system and cover system by estimating unit costs for each

system component, and. adding them together Tables 5 7 and 5 8 present the unit cost estimates for

each liner system and cover system, respectively

As was noted in the previous sections, the liner ancl covers systems generally performecl equally well

and should be selected on the basis of cost and constructability The constructabihty of each

component will also be reflected in the overall unit cost (i e., the more chfficult/labor intensive it is to

inst-all, the higher the unit cost).

The total unit cost estimate for the Imer systems rangecl from $3.00 to $6 40 per square foot. Liner

System No 1, which included a GCL instead of a compacted clay liner, was the most cost-effective

The total unit cost estimate for cover systems ranged from $3 60 to $4 55 per square foot Similarly,

the cover system that utilized the GCL was more cost-effective The sancl drainage layer performecl
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better than the geonet for relatively the same cost, therefore, Cover System No 4 was more cost

effective and efficient

6.6.3 Overall Landfill Performance Evaluation

The analysis of potential effectiveness of the cover and liner systems indicates that, in general, the

various alternatives should perform in similar fashion. Two subsequent HELP Model simulations

were performed using Cover System No 4 and Imer System No 1, both of which were the most

cost-effective and predicted to perform well under worst-case conditions, to est3mat the potential

long-term leachate production from the land fill The waste portion of the landfill -was assumed to be

6B5 feet thick and was simulated using default characteristics for municipal refuse (HELP Model

default number 19, wInch allows for channeling and dead zones) The simulations were performed

using the same weather parameters as the cap screening simulations The most likely and worst-case

scenarios were simulated as before

Results of the simulations are presented in Table 5 9 As shown in the table, extremely small rates of

potential release are predicted for both the most likely (2 6 x 10' injýr) and worst-case

(1 6 x 10' in/yr) scenarios

An evaluation %% as performed to assess whether leachate produced at these extremely small rates

could potentiall) move through the vadose zone beneath the landfill to the water table To estimate

advectne tra%el times of un aturated flow produced by the leachate predicted from the BELP Model,

the methodology incorporated into EPA!s P= Model (EPA, 1988) was used The equation for

advective water movement in the un aturated zone is -

V. VW19

e eZ[Vd/k'jIA2b+3]

where

V, Advective water velocity
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Vd - Infiltration or recharge rate

e = Long-term soil water content at rechargerate Va on a volume basis

6, - Saturated water content of the soil on a volume basis

I-, = Saturated hydraulic conducbvity of the soil

b = Clapp and Hornberger, 1978, soil constant

General soil data collected during Task 93-03 were reviewed to estimated parameters representative

of the vadose zone beneath the landfill The foliowing parameters were used

0, = 0 40 (average value for clay/silt material)

k, - ranges from 4 25 ft/day to 42 5 ft/day

b - 7 75 (Clapp and Hornberger, 1978, silty clay loam)

Va = 0.00165 in/yr, or 3.77 x 10' ft/day (worst-case)

Using these parameters, potential travel times through the vadose zone are estimated at

8 29 x 10'4 fVyr to 9 37 x 10' R/yr, depending on saturated hydraulic conductivity At these rates, it

would take from looo to 1200 years for soil water in the vadose zone to move downward one foot.

The landfLU configurations being evaluated contain at least 10 feet of vadose zone betweenthe base

of the liner and the water table

S.6 Evaluation of FacilTity Layout and Material Quantities

This section presents an evaluation of a conceptual facility layout and material quantities based on

the three conceptual landfill volume requirements described in Section 5 1.2 and the site-specific

considerations and limitations presented in Section 5.3

6.6.1 Conceptual Facility Layout

The size of the landfill facility will depend on the remedial alternative selected and the correspond-

ing volume of waste generated for that alternative The landfill footp ants for the three proposed

conceptual models are shown in Figures 5 3, 5 4, and 5 5 The landfill footprint in this discussion is
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the maximum lateral extent of waste, which nearly coincides with the top of the landfill's interior,

below-grade slope The dimensions of each footprint are as follows

Conceptual Dimensions Total Landfill Waste Volume
Model No (feet) Acres Volume (CY) (CY)

1 900 x 900 19 1,200,000 1,000,000
2 1200 x 1300 36 2,760,000 2,300,000
3 1650 x 2300 87 7,200,000 6,000,000

The excavation depth for each landfill scenario was assumed to be an average of 30 feet below the

existing ground surface, with a maxinium liner thicImess of 5 feet, including the leachate collection

and removal system Cross sections showing the approximate limits of excavations for each scenario

are presented in Figures 5 6 through 5 9 Conceptual Models I and 2 are similar in that the base of

each is placed within the alluvium and both footprints avoid areas of sand subcrops Conceptual

Model 3 is a much larger footprint and the base of excavaton is within the weathered Denver

Formaton. As illustrated in Figures 5 6 through 5 9, Conceptual Model 3 is cut into both the A sand

and the rU sand Although avoidance of the subcropping sand units is preferable, it is only possible

with the smaller two configuratons

Excavation sideslopes; were assumed to be 3 horizontal to I vertical (3H IV) to calculate airspace

volumes below grade A sideslope of 6H IV and a 35-foot average waste height at the top of the

sideslope was used to calculate the airspace above grade A containment dike, averaging approm-

mately 5 feet above grade, will be initially constructed around the excavation perimeter A series of

similar dikes will be constructed in a stair-step fashion as the landfilling operations proceed above

grade Typical plan views of the excavation and final cover are presented on Plates 5.1 through 5 6

Plate 5 7 illustrates the depth of excavation and depth to groundwater for the three conceptual

models The survey data used in these plates are based on the 1983 horizontal datum and 1988

verticaldatum. In all three scenarios, the depth to groundwater beneath the base of excavaton is no

less than 10 feet.
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As is shown on Plates 5 2, 5 4, and 5 6, the 6H IV portion of the final cover exceeds the

recomm ended maximum top slope of 5 percent presented in EPA!s Technical Guidance Document

Final Covers on H;;7-s dous Waste Landfills and Surface Impoundments (EPA, 1989) The guidance

does allow for alternative designs provided that the alternative design. fulfills the applicable

regulatory requirement The purpose of maintaining a final covers slope below 5 percent is to

control erosion. The allowable erosion control rate listed in the guidance is less than 2 tons/

acre/year. Thus, to proceed with final design using a 6H IV sideslope, an appropriate erosion control

demonstration would be required

5.6.2 Evaluation of Slope Stability and Slippage

The slope stability evaluation described below indicates that the planned landfill can be constructed

at the site if a final geotechnical investigation is performed and the recommendations contained

therein are addressed in the final landfill design. The final investigation should refine and expand

upon the testing and analyses presented in this report, and consider m its analyses any changes from

these conceptual models

Since slope failure within the Denver Formation is not considered likely, the critical area for analysis

are with the thickest alluvium deposits Boring SAB12894 was selected for the subsurface profile

analysis This boring consists of 45-foot-tiuck interbedded strata of sandy lean clays and clayey

sands Standard Penetration Test (SFI') blow counts ranged from 6 per foot to 20 per foot for these

soils, which are underlain by sandstone with blow counts greater thaa 50 per foot

Published information about relationships between SPT blow counts and soil strength parameters

(cohesion and aligle of internal friction) were used to obtain theoretical values and compare them

with the limited laboratory strength test data and select input parameters for stability analyses

Because of the generally dry conchtLon of the alluvial soils, the field blow count values may indicate

bigher soil strengths than can be expected under wet or saturated conditions; therefore, the soil
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strength parameters were conservatively interpreted The following soil parameters were selectedm

the slope stability analyses performed using the subsurface prohle from Boring SAB12894:

Depth Interval Cohwaon Fnction Angle
(feet) (PSI) (Degrees)

0 to 8 500 10
8 to 26 1,500 15
26 to 45 11000 15
Below 45 4,000 35

The conceptual design cross section consists of 3.1 cutslopes (horizontal to vertical), with the

maxunum landfill bottom approximately 60 to 70 feet below existing grade However, the typical

average excavation depth is anticipated to be approximately 30 feet. A 5-foot-high (average) soil

berm will be constructed at the top of the cutslopes Upon closure, the top of the landfill sideslope

will average about 35 feet above existing grade

The cutslope cross section with the 5-foot berm in place was analyzed for stability This is a short-

term condition and will occur before any waste is placed in the landfill In addition, a maxinium

flood elevation (to the top of the 5-foot berm) was assirmed for this condition to represent flood stage

The long-term condition (Le , with the waste and cap in place) is expected to have safety factors

comparable to or higher than those computed for the short-term conditions

The following factors of safety were obtained for the three conditions analyzed. Because of the small

difference in computed values, they are shown in two decimal places Typically, the computed

factors of safety are shown in one decimal place

Conchbon Factor of Safety

Short-term without flood 286
Short-term with flood 283
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These safety factors are greater than 15, which is commonly considered as the lowest acceptable

safety factor for static conditions The landfill cross section analyzed therefore has adequate factors

of safety for anticipated conditions

The cover and liner systems can be designed to avoid potential slippage along component interfaces

Material such as textured geomembranes and geonet with geotextile bonded to both sides can be

specified for use, if required These materials can provide friction factors in excess of 14 degrees

(25 percent or 4H 1V) at all interfaces Slopes that are too steep to provide an adequate factor of

safety against slippage can be constructed with proper design (i.e , use of an anchor trench)

5.7 Material Quantities and Availability of Onp4)st Materfaft

Material quantities were estimated for soils and landfill liner and cover system components The soil

quantities include volume estimates for low permeability soils and 5tructural fill soils Surface areas

were calculated for the liner and cover systems Estunated quantities of soils required for landfill

construction were then compared to estimated volumes of onpost. ir aterials;

5.7.1 Material Quantities

Soil requirements will depend on the selected liner and cover systems developed during the design

phase of the project To provide a conservative estimate of soil requirements, it is assumed that

A 30-inch compacted clay liner will be incorporated in the Einal cover

12 inches of structural fill will be placed to achieve a suitable subgrade under the final cover

A 12-inch protective soil layer vall be placed over the LCRS

The primary and secondary barrier layers in the liner Will use 36 inches of clay

The liner system wiJl be underlain by a 12-inch structural fill (prepared subgrade)

Table 5 10 presents the estimated soil material requirements for each conceptual landfill model based

on the above assumptions
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The surface area to be Imed was calculated for each conceptual landfill model assuming an

excavation depth of 30 feet with sideslopes of 3H.1V The surface area that will require final cover

was calculated assummg a waste height of 35 feet above grade and sideslopes of 6H IV The

estimated liner and cover surface areas are presented below

Estimated Liner and Cover Surface Areas

Conceptual Liner Area Cover Area
Model No. (square feet) (square feet)

1 850,000 850,000
2 1,600,000 1,600,000
3 3,900,000 3,900,000

5.7.2 Availability of Onpost. Materials for Landfill Construction

Ninety-eight soil borings were drilled as part of the FS Soils Support Program (BLA, 1995a) to

identify potential borrow sources for low permeability and/or structural soils For the purpose of

landfill hner/cap construction, low permeability soils are those that can be compacted at a specified

density and moisture content to achieve a hydraulic conductivity of equal to or less than I x -10'

cm1s The results of the materials feasibility study, presented in Section 3.0, indicate that soil from

the two identLfied onpost borrow areas tested can be used to construct day liners or caps that

achieve hydraulic conductivity requirements of less than I X 107 CMIS

In the FS Soils Support Report (HLA, 1995a), a total of four potential low permeability onpost soil

borrow areas and two onpost structural soil borrow areas were identified The soil borrow areas and

estimated volumes are presented below

Onpost Soil Borrow Areas and Estimated Soil Volumes

Low Permeability Structaral
soil Fill

Area (cubic yards) (cubic yards) Location

Area 1 1,247,000 - Southern half of Section 24
Area 2* 768,000 - SE corner of Section 25 and NE comer of

Section 36
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Low Permeability Stmattral
soil FiR

Area (cubic yards) (cubic yards) Location

Area 3 5,454,000 - Northern half and SE quarter of Section 29
Area 4 4,999,000 - SW and NE , quarter of Section 20
Area 5 - 8,889,000 Section 34
Storage Area 180,000 NE Section 31

Area 2 is not recom- ended as a borrow area because of the limited volume of low permeability
soil available and because the site is located in the biota. exceedance area The biota. exceedance
area includes the top 2 inches of soil

Based on the above estimates, approximately 11,700,000 CY of low permeability soil have been

identified along witli 9,069,000 CY of structural fill. Additional low permeability and structural fill

soils may be available from excavaton of the landfill

The approximate amount of material available from each of the conceptual landfill model excavations

is as follows

Estiniated Esbrnated Estimated
conceptcud TOW Percent Low Percezet Structured

Model Excavation Permeability Soil Fill
Number (M - % (CY) % (CY)

1 860,000 75 (645,000) 25 (215,000)

2 1,380,000 60 (828,000) 40 (552,000)

3 2,850,000 50 (1,425,000) 50 (L,425,000)

Based on this analysis, it appears that sufficient onpost soil from borrow areas and the landfill

excavation exists to meet the construction requirements for even the largest landfill (Conceptual

Mode13) Addational low permeability soil and structural fill will be required for implementing the

landfilVcaps remedial alternative According to the estimates provided in the Proposed Final DAA

(Ebasco, 1994) and updated by RUST, E&I (1995), approximately 2,500,000 CY of low permeability

soil and 13,000,000 CY of structural fill will be required to implement the preferred remedy

(landfiWcaps) To meet the volume of structural fill required, expansion of the proposed borrow
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areas identified in the FS Soils Support Report may be required (BLA, 1995a) Further soil testing

will be requared to expand the proposed borrow areas

5.8 Cost Estimates and Construction Schedule

This section presents preliminary cost estimates for construction and annual operation and mainte-

nance for the three conceptual landfill models evaluated for this site feasibility study A conceptual

construction schedule was also prepared for the initial phase of landfill cell construct-ion.

5.8.1 Construction Cost

The preliminary construction cost estimates were prepared to be accurate within the typical

feasibility study range (plus 50 percent to a Tamils 30 percent) Table 5 11 presents a construction

cost summary for each landfill model The table presents costs associated with the various elements

of landfill construction. Estimated costs listed in this table reflect current present value costs to

construct or install the listed items Appendix H details the estimated quantities, unit rates, and

assumptions used in developing Table 5 11 Based on the total estimated costs show in Table 5 11,

the estimated construction cost per cubic yard of waste disposal capac3ty is approximately

Conceptual Model 1 $12 50 per cubic yard

Conceptual Model 2 $10 00 per cubic yard

Conceptual Model 3 $9 00 per cubic yard

Actual landfill airspace may be constructed in a phased sequence corresponding to the estimated

annual waste generation rates described in Table 5 2, in which case, landfill space would only be

constructed on an annual basis, as needed If this approach is implemented, the total cost of landfiR

construction would increase over the estimates shown in Table 5 11 The increase would occur as a

result of inflaton, multiple contractor mobihzation/demobilization charges, and possible increases in

unit cost because of reduced volumes of materials purchased or placed at one time In addition,

landfill capping cannot occur until the landfill has been filled to cap subgrade
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The following discussion presents a construction sequence that reflects how construction might

proceed

Initial Construction

Construct or install maintenance building, office building, access roads, perimeter security fence,

parking, leachate management system, groundwater monitoring we Us

Perform initial excavation (two years capacity) and construct first portions of drainage, sumps, header

pipe, pumps, prepare subgrade, place liner and protective cover, construct storm-water control

system, and commence waste placement

Operational Yeam

Construct additional portions of drainage, sumps, header pipe, pumps, excavate soil, prepare

subgrade, place liner and protective cover, construct storm-water diversion berm, and place cover on

waste as cell fills

Construct cover system over areas of the landfill that are filled to capacity

Last Year

Construct remainin portions of drainage, sumps, header pipe, pumps, prepare subgrade, place hner

and protective cover, construct storm-water diversion berm, and place cover on waste as cell fills

Construct remaining portion of cover system over closed landfill

5.8.2 Annual Operation and Maintenance Costs

Table 5 12 presents a summary of estimated operation and maintenance (OW costs for each of the

landfill conceptual models under both restricted and unrestricted funding scenarios Thedetailed

annual O&M estimate is presented in Appendix H The O&M estimates were prepared at an FS level

(plus 50 percent to minus 3 0 perceni)
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Major assumptions made in preparing the O&M estimate include

I Major heavy equipment is purchased for O&M:Functions and has a six-year replacement life
and $0 salvage value at six years

2 Leachate and contaminated storm water is generated at a rate of 100,000 gallons per acre of
open cell and is disposed at DuPont's Chambers Works in Deep Water, New Jersey

3 A 3 percent rate of inflation wffi occur for all labor, equipment purchase, and equipment
O&M

4 The daily waste volume that must be handled is equal to the landfill volume divided by the
landfill life in years, divided by 250 operating days per year. Waste inflow is uniform
throughout the life of the landfill

5 The landfill life is obtained from information in the DAA that is summarized in Table 5 2

6 Borrow soil requirements for operational cover equal 20 percent of the waste volume and wiR
be obtained from cell excavation stockpiled adjacent to the landfill

7 The CERCLA Wastewater Treatment Facility will treat water from decontamination
procedures

8 Unit costs for equipment O&M include fuel, tires, trucks, and routine maintenance.
It

9 Groundwater monitoring costs equal $10,000 per well per year

The lowest estimated O&M costs, $7 per CY, occur for Conceptual Model 3 with unrestricted

funding The highest estimated O&M costs, $18 per CY, occur for Conceptual Model I with

restricted funding

Estimated labor costs are typically the largest component of the total estimated O&M cost over the

hie of the landfill However, leachate disposal costs are signihcant and, in the case of Conceptual

Model 3, exceed labor costs

As described in the assumptions listed above, leachate is projected to be generated in portions of the

landfill, that have not received final cover at a rate of 100,000 gallons per acre per year This

assumption is based on actual leachate production rates for 1994 at the Highway 36 Han dous Waste

Disposal Facility Leachate disposal was assumed to take place at an offsite facility. Based on the
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estimated volume of leachate that will be generated and the cost of disposal, onsite treatment and

disposal may be more economical and should be evaluated further

5.8.3 Construction Schedule

Figure 5.10 presents a conceptual construction schedule for cell development of an approximate

200,000 CY module that could be applied to any of the three conc eptual landfill models. The

schedule can be refined to be more exact once the size, operating life, and pro3ected daily waste

volumes are selected

5.9 Operation and Maintenance Plans

Operation plans should be developed for the landfill facility to he [p assure that operations will

conform to regulatory requirements and be consistent with the engineering design of the facility

These plans will provide for safe operation but, in case of accidents, the plans will include contin-

gency plans and emergencyprocedures; Maintenance plans should also be developed so that the

facility can be properly maintained during its operating life and throughout the post-closure The

specific plans that must be developed and their content and approach will depend on the final

determination of applicable regulatory requirements

5.9.1 Operation Plans

A compreheasi%e site operatingplan should be prepared for the facility Ma3or components of the

plan will' Ln:ýIude the following elements

Construcuon and construction quality control (CQC) requnements

Dail,, overations

Periodic operational activities

Specific plans

The construction and CQQ section will discuss the type of future construction required throughout

the life of the landfill facility This will help guide the operator from the initial construction through

the completion of construction and eventual closure of the facality Specific discussion Will focus on
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the need to monitor waste generation and the progress of the remedial alternative Monitoring the

waste generation rate is needed to predict the final quantity of waste to be received at the landfill,

and when that final waste will be placed into the landfill G-Ludance will be provided for implement-

ing partial closure of areas of the landfill that reach final grade, and for final closure following

placement of the last quantity of waste to be received

The daily operations section of the plan will discuss accepting waste and inspection procedures,

placing waste, containing or covering waste, and any other activities that are part of the daily

operating routine Periodic activities will be discussed in the site operating plan including inspec-

i-ion,monitonng,anclmamtenancefimcbLons These win be developed to be specifically applicable

to this landfill facility

Specific plans that should be developed are discussed in the following sections These plans are

related to regulatory criteria for the operation and maintenance of a hazardous waste land disposal

facility Such plans are normally prepared prior to the startup of waste management activities, and

are sub)ect to change at anytime throughout the active hfe of the facility Changes maybe madein

these plans to reflect the availability of new construction materials or waste management techniques,

changed conditions or operating practices at the facility, or for similar reasons

6.9.2 General Waste Analysis

Before disposing of any hazardous waste in the landfill, a representative sample of the waste stream

should be obtained for chemical and physical analysis This analysis provides information necessary

to properly store or dispose of the waste and is be performed on each waste stream that is to be

accepted at the landfill The analysis is repeated when necessary to assure that the analysis is

accurate and up-to-date Periodically, a further confirmatory sample of the waste stream being

brought into the facility will be analyzed to determine its continuing conformance with the results of

previous analyses
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The waste analysis plan for the onpost landfill at RMA should account for the extensive sampling

and site characterization that has already taken place, and Taini-mi ze the amount of new sampling

and analysis required prior to waste receipt.

5.9.3 Security Plan

A security plan should be developed to prevent unknowing entry and minirnize the possibility of

unauthorized entry of persons or livestock onto the active portion of the facility This plan will

include provisions for a barrier system (e g , a security fence in good repair) and a means to control

entry, such as a lockable security gate Signs will be posted at the entrance and at periodic intervals

along the security fence to warn individuals about the potential danger associated with trespassing

and forbidding unauthorized access to the facility The security plan should take into account the

overall security system for RMA.

5.9.4 Inspection Plan

A written inspection plan should be developed to contain all the inspection requirements necessary

to periodically evaluate the condition of the facility and identify need for repairs, replacement, or

restoration. The inspection plan wiU, detail the specific inspection procedures and frequency of

inspecting all parts of the facility The plan will also provide for a recordkeeping system that

includes an inspection form to be prepared for eachinspection activity The inspection form will

provide for recording adverse conditions discovered as a result of the inspection and a method of

initiating appropriate followup, to assure the necessary action is taken.

5.9.5 Personnel Trainh-ig

A written personnel traming plan should be prepared for the facility This plan Will discuss, on a

position-by-position basis, the training requirements for all personnel engaged in the management,

operation, and maintenance of this landfill facility The plan will describe the necessary levels of

pre-employmenttimining as well as any periodic or ongoing tr-dming required for specific categories

of employees Records of the personnel t-aming program will be maintained to demonstrate

compliance with these requirements
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5.9.6 Preparedness and Prevention Plan

This plan will relate to the eonsting the RMA Contingency Plan and will focus on operations and

procedures to Tainim, e the possibility of a fire, explosion, or any unplanned sudden or non-sudden

release of hazardous waste or hazardoas waste constituents to the environment. This plan would

provide specific information regarding eqLupment such as internal communications, alarm systems,

external communic-ation , fire extinguishers, spill containment, and fire control systems The plan

would establish testing and maintenance requirements for related equipment All personnel in the

operations area of the facility will have access to corn rounications, response, and alarm systems

Arrangements will be made with local authorities to provide standby or backup support in case the

emergency is of such magnitude that outside help is required

6.9.7 Contingency Plan and Emergency Procedures

A site-specific contingency plan will be developed as an appendix to the overall RMA Contingency

Plan to Tninimi e hazards to human health or the environmentfrom. fires, explosions, or any

unplanned sudden or non-sudden release of hazardous waste or hazardous waste constituents This

plan is a supplement to the Preparedness and Prevention Plan, and provides for emergency act-ion in

the event that an emergency exists in spite of efforts to prevent it. The contingency plan will contain.

emergencN procedures to be followed in the event of any one of a number of potential emergencies

that could occur at the facility The training plan described above will include provisions for

training in both preparedness and prevention, and in emergencyresponse

5.9.8 Uanifest System, Recordkeeping, and Reporting

It is not anticipated that a manifest system for waste shipment will be required for this facility since

it will not receive any hazardous waste from offsite sources

A full set of operating records should be routinely prepared and maintained at the landfill facility

These records should be maintained at the facility until closure The records should describe the

quantty and type of waste received, the date of receipt, and the location of specific wastes stored in
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the landfill The records should also contain results of waste analyses, inspection results, the details

of any incident requiring implementing the contingency plan, all monitoring, testing, and analytical

data, and other records that are either pertinent to the facility operation or are required by federal,

state, or local regulations

Reports of landfill operation should be prepared to comply with current federal or state regulations

5.9.9 Maintenance Plan

A facility maintenance plan should be prepared that requires the repair or replacement of any aspect

of the landfill facility that becomes unserviceable during the operating life of the facility or during

post-closure If any mechanical equipment is incorporated into the operation of the facility, such as

emergencyresponse equipment or dedicated pumps in groundwater monitoring wells, the manu-

facturer's recommended maintenance procedures will be obtained and incorporated into the

maintenance plan. The plan would require that the specified maintenance be performed in

accordance with the manufacturef s iecorn-rnendations The maintenance plan shouldbe related to

the inspection plan discussed above because inspection activities may identify the need for certain

maintenance operations Maintenanc e activity that requires repair or replacement of material or

equipment will be entered into the operating record of the facility TIns record will enable the

operator of the facility to identify maintenance activities that occur at an above average frequency

This in turn could identify a need to employ different material or ec,ýupment

5.9.10 Closure and Postelosure Care Plans

A closure plan and a postclosure care plan may be required for the landfill facility These plans will

incorporate certain operation and maintenance activities These activities will become part of the

overall maintenance plan at the time of landfill closure

S.10 Site Feasibility Summary and Conclusions

This section provides a slimmary and conclusions of the Site Feasibility Study with respect to the

construction of a hazardous waste landfill at this site.
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Regulatory Criteria

Regulatory critena that apply to siting a landfill in Colorado were described in Section 4 2 and will

likely form the basis for siting a facility under the various regulatory scenarios RCR.Aasapermitted

facility, RCRA as a CAMU, or an IRA under CERCIA

Site-Speciffire Considerations and Uinitations

Site-specific considerations and limitations were reviewed to evaluate the potential impact on

construction of a hazardous waste landfill. Site-specific climate, topography, and surface hydrology

should not impact landfill construction. Based on the sand channel subcrop maps developed as part

of the Area FS, areas emst in the vicinity of the landfill siting area where Denver Formation channel

sand units are in contact with the alluvium The subcropping sand units should be avoided if

possible The hydrogeologic site considerations include maximizing the depth to groundwater and

placing the landfill away from areas where groundwater flows radially The depth to groundwater is

greatest at the center of the preferred site A groundwater mound exists between Sections 25 and 36

(Figure432) Siting the landfill within the central portion of westernSection 25 is preferred No

geologic hazard or environmentally sensitive area considerations were noted in this study, but

additional study maybe required for siting and design. Slope failure within competent bedrock of

shale, sandstone, lignite, or claystone is unlikely considering the proposed landfill geometry The

settlement resulting from a 30-foot excavation and 35-foot fill above grade may be on the order of

one-half inch and should not impact construction or O&M of the landfill This estimate should be

reevaluated during design.

Conceptual LandfUl Design Alternatives

Conceptual design alternatives were developed for liner systems, leachate collection and removal

systems, gas management systems, final cover systems, and performance of an environmental

monitoring system Six liner system alternatives were developed A leachate collection and removal

system consisting of 12 inches of sand with a 200-foot drainage length and 2 percent slope was

proposed Gas generation from landfilling of RMA waste is expected to be rnimmal Gasesgenerated.
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5.10.1 Summary

The Site FS included a review and evaluation of waste types, vokanes, and generation rates,

regulatory criteria, site considerations and limitations, conceptual landfill design alternatives,

evaluation and screening of the alternatives, facility layouts, mate3-ial quantities and onsite availa-

b1hty, construction cost estimates and schedules, and operation and maintenance requirements

Three conceptual landfill models were evaluated for this Site FS to account for the potential variation

of waste volumes to be generated based on the selected remedial action alternatwe Thesitingofthe

proposed landfill footprints was based on site-specific: considerations and limitations including

topographic, geologic, and hydrogeologic conchtions

5.10.2 Conclusions

The objective of this Site FS was to evaluate whether a RCRA Subtitle C hazardous waste landfill of

sufficient capacity could constructed at the preferred site that would meet applicable federal, state,

and local regulatory reqLurements The site-specific requirements were reviewed and evaluated in a 31

logical sequence

Waste Data

Review and evaluation of the waste data yielded the following conclusions

Contaminated materials that may be landfilled can be categorized as contaminated soil, soil
and debris treated by caustic washing, soil treated by thermal desorption, and structural
debris

The landfill waste volume depends on the selected remedwl action alternative For purposes
of this report, waste volumes of 1,000,000 CY, 2,300,000 CSý (the preferred sitewide alterna-
tive in the DAA), and 6,000,000 CY were used to account for projected minirnum and

ma)am= waste volumes

The total landfill volumes used for three conceptual models included a 20 percent volume

increase over the needed waste volume to account for operatonal cover (1,200,000 CY,

2,760,000 CY, and 7,200,000 CY, respectively)

Waste generation rates were estimated to be in the range of 98,000 CY to 1,100,000 CY of

material per year without a funding hn:ut, and 37,000 to 280,000 CY of material per year

assuming $100 million annual funding limit
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maybe managed using a passive venting system consisting of a granular soil layer and gnd array of

collection pipes that will vent gases through the final cover system Four final cover systems

alternatives were developed Environmental monitoring Will be performed as part of the facility

performance monitoring

Conceptual liner and final cover alternatives were evaluated for effectiveness using the BELP model

and evaluated for cost by estimating the unit cost on a square foot basis Using the BELP Model to

simulate the most likely constiuction quality scenano, all liners performed about equally For the

worst-case scenarios, leachate infiltration is predicted to range from 0 04 to 0.5 inches per year

(m/yr) The conceptual liner designs that included geosynthetic day as the base layer (Liner System

Nos I and 2) performed better than those with compacted clay or a tertiary geomembrane liner as

the base The final screening of the conceptual liner designs should consider cost and constructabil-

ity rather than potential performance because performance results for conceptual liner designs are so

similar

The calculated inhitration results for all the final cover systems evaluated are similar and very low

All the systems are predicted to perform well for the most likely scenario, with very limited water

mfiltratmg through the cover For the worst-case scenario, infiltration ranged from 0 005 in/ýr to

1 119 in/yr Cover System No 4 performed the best in worst-case scenario The similanty of

performance results for the cover alternatives mchcates that final screening of the cover systems

should consider cost and constructability rather than potential performance

The total unit cost estimate for the liner systems ranged from $3 00 to $6 40 per square foot- laner

System No 1, which included a GCL instead of a compacted clay liner was the most cost-effective

The total unit cost estimate for the cover systems ranged from $3 60 to $4 55 per square foot.

Similarly, the cover system that uses the GCL was more cost-effective The sand drainage layer
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performed better than the geonet for relatively the same cost, therefore, Cover System No 4 was more

cost-effective and efficient

Evaluation and Screening of Alternatives

The overall landfill performance was evaluated using the HELP Model to assess the potential

effectiveness of the cover and liner systems Cover System No 4 and laner System No 1, both of

which were the most cost-effective and predicted to perform well under worst-case conditions, were

used to estimate the long-term leachate production from the landfill. Extremely small rates of

potential release are predicted for both the most likely (2 6 x 107 irlyr) and worst-case (1.6 x

10-3 m/yr)scenanos EPA!s F= Model was used to estimate adver-tive travel times of unsaturated

flow produced by the leachate predicted from the HELP Model Potential travel times through the

vadose zone are estimated at 8 29 x 10-4 feet per year (ft/yr) to 9.37 x 10-4 ftlyr, depending on the

saturated hydraulic conductivity The landfill configurations being evaluated contarn at least 10 feet

of vadose zone between the base of the liner and the water table At the estimated rates, it would

take from 1000 to 1200 years for soLI water in the vadose zone to move downward I foot

Facility Layout

Conceptual facility layouts and material quantities were based on the three conceptual landfill

volume requirements (1,200,000 CY, 2,760,000 CY, and 7,200,000 CY) and the site-specafic consider-

ations and lim-itations The areas of each footprint are as follows IL9 acres (1,200,000 CY), 35 acres

(2,750,000 CY), and 87 acres (7,200,000 CY) The excavation depth for each landfill scenario was

assumed to be an average of 30 feet below the existing ground surface, with a maximum Imer

thickness of 5 feet Conceptual Models 1 and 2 are placed within alluvium and both footprints avoid

sand subcrops The base of Conceptual Model 3 is much larger than Models 1 and 2 and is placed

within the weathered Denver Formation. Conceptual Model 3 is cut into subcropping sand Units A

and IU Although avoidance of the subcropping sand units is preferable, it is only possible with

Conceptual Models I and 2 The excavation sideslopes were assumed to be 3H.1V to calculate

airspace volumes below grade A sideslope of 6H 1V was used to calculate the airspace above grade

21907 703030 Harding Lawson Associates &47
1208070695 LSF



Site Feasibift Study

To proceed with final design using a 6H IV sideslope, an appropriate erosion control demonstration

would be required

The slope stability evaluation indicated that the planned landfill can be constructed at the site if a

final geotechnical investigation is performed and the recommendations contained therein are

addressed in the final landfill design. The final investigation should refine and expand upon the

testing and analyses presented in this report, and consider in its analyses any changes from these

conceptual models

Material Quantities and AvaHability

Material quantities were estimated for low-permeablhty soils and structural fill soils used in landfill

liner and cover system components The quantities of soils required for landfill construction were

then compared to estimated volumes of onpost materials Conceptual Models 1, 2, and 3 required

270,000 CY, 510,000 CY, and 1,235,000 CY of clay soil, respectively, and 296,000 CY, 640,000 CY,

and 1,635,000 CY of structural fill soil, respectively

The surface area to be lined was calculated for each conceptual landfill model assuming an excava-

tion depth of 30 feet with sideslopes of 3H IV The surface area for final cover was calculated

assuming a waste height of 35 feet above grade and sideslopes of 6H IV Based on these assuinp-

tons, the estimated surface area to be Imed. and the surface area to be covered are approximately the

same Both the liner and cover areas for Conceptual Model I are 850,000 square feet, for Conceptual

Model 2, both areas are 1,600,000 square feet, and for Conceptual Model 3, both the liner and cover

areas are 3,900,000 square feet

Approximately 11,700,000 CY of low-permeability soil and 9,069,000 CY of structural fill soil have

been identified at RMA during borrow area investigations Additional low-permeability soil and

structural fill soil may be avaiiable from the landfill. excavaton. Based on the estimated volumes of
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onpost soil from borrow area and the landfill excavation, it appears that sufficient onpost soil exists

to meet the construction requirements for even the largest landfill (Conceptual Model 3)

Construction Cost Estimates and Schedules

Cost estmates for construction and annual operaiaon and maintenance for the three conceptual

landfall models were prepared to be accurate within plus 50 percent to a minus 30 percent- Based on

the total estimated costs (shown in Table 5.11), the estimated constructon cost per cubic yard of

waste disposal capacity for Conceptual Models 1, 2, and 3 are $12.50 per CY, $10.00 per CY, and

$9 00 per CY, respectively The estimated total construction cost for Conceptual Models 1, 2, and 3

are $12,500,000, $22,500,00, and $52,500,000, respectively If landfill space is constructed on an

annual basis as needed, then land:6,31 constructLon costs would increase from the estunates presented

Annual O&M costs were prepared at a plus 50 percent to minus 30 percent range Estmatesof

yearly O&M costs were made for each conceptual model using botli restricted and unrestriated

funding The landfill life and average yearly O&M costs for restricted fund-ing for Conceptual

Models 1, 2, and 3 are 12 years and $1,487,000/yr, 10 years and $2,440,000/yr, and 16 years and

$3,109,000/yr, respectvely The landfill life and average yearly O&M costs for the unrestricted

funding scenano for Conceptual Models 1, 2, and 3 are 4.5 years and $2,294,000/yr, 2 5 years and

$5,820,000/yr, and 9 years and $4,460,000/yr, respectively

The lowest O&M costs, $7 per CY, occur for Conceptual Model 3 math unrestricted funding The

highest O&M costs, $18 per CY occur for Conceptual Model 1 with restricted funding

A conceptual construction schedule for cell development of an approximate 200,000 CY module that

could be applied to any of the three conceptual landfLU models was prepared (Figure 5 10). The

200,000 CY module would take approximately 34 weeks to prepaxe

21907 703030 Harding Lawson Az"6iates 5-39
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Site Feasibility Study

Operation and Maintenance Plans

A comprehensive site operating plan should be prepared for the facility and should include the

following elements

Construction and CQC requirements

Daily operations

Periodic operational activities

Specific plans

Additional necessary plans include waste analysis, security, inspection, personnel training, prepared-

ness and prevention, contingency and emergency procedures, manifest system, recordkeeping and

reporting, maintenance, and closure and postclosure care

Based on the results of the Site FS presented in this report, it is feasible to construct a RCRA

Subtitle C hazardous waste landfill of sufficient capacity at the preferred site that would meet the

apphcable federal, state, and local regulatory requirements

5-40 Harding Lawson Associates 21907 703030
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Table 5.1 t Waste Volume Estimates Rocky Mountain Arsenal Site Feasibility Study

Remedial Action Alternative
1`611"Inted wn4I" vni"we Cousolidatlonxaps/

fly I yps mpg/( ovors 1 andniv nps Landfin I reatruent/Land fill Caps/rreatment/Land fill

Contall)[1inted Soil 200000 2,100000 3,600,000 880,000 3,100,000
Troatod So[Vl)oi)rlq ( nuslir WA4,1118 4,0(H) 9,000 7,000 5,000 7,000
Troated Soil Thormal Desorption 0 0 0 180,000 1,101),000
Structural Debris Landfillad .180,00() 180,000 180,0 180,00 180.Wo

Total Volume Landfillod 440,000 2,300,001) 3,800,000 1,200,000 4,400,000

All aniounts aro In cubic yards

21907 703030(3)
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Table 5,2: Waste Generation Rate Estlinates Rocky Mountain Arsonal Site Feasibility Study

Remedial Action Alternative
Estimated Waste Volume Consolidation/Caps/

by I ype Cops/Covers Landfi]VCnps Landfill Trealment/Landfill CapsA realment/Landfill

Total Volume Landfilled (CY) 440,000 2,300,000 3,800,000 1,200,000 4,400,000

No Funding Limit Scenario
Rernedlation Time/Landfill Operations 7 years/4 5 years 6 years/2 5 years 7 years/3 5 years 9 Voare/0 Years 14 yoars.10 years
Annual Gonoration Rate (CY/yoar) 08,0(H) 020,000 1,100,000 200,ODO 490,000
Dally Generation Ra(o (CY/day) 400 3,500 4,200 800 1,000

Fuilding Limit Scenario*
Roinodlation Thno/lAndfill Operation with Restriction* 17 yoars/12 years 16 YOUS/10 years 22 yonra/16 5 years 17 yoars/13 years 20 years/10 years
Annual Generation Rate (CY/your)* 37,000 230,000 230,000 02,000 280,000
Dally Generation Rate (CY/ony)* 100 DOO goo 400 1,100

CY Cubic yards

Based on $100 million nintual funding Ilinit for overall RMA romadlation activities

21007 703030(3)
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Table 5.3: Liner System Effectiveness Evaluation
HELP Model Input Parameters

HELP Model Layer Thicktinse llFl P Model Dafault Field Willing Drainage I ength Drainage Slope
I nyor Number Layer Typo (Inchaft) Material Type Porosity Cnpacity Point (feet)

Liner System I
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (goomombrana) 000 35 (1-11)PE) 0 0 0
3 3 (harrier) 025 17 (goosynthellc clay) 075 0747 04
4 2 (drainage) 02 20 (Goonot) 005 001 0005 200 2
5 4 (goornombrano) 006 35 (HDPE) 0 0 0
0 3 (barrier) 025 17 (goosvn(hotic clay) 075 0747 04

Liner System 2
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (goomombrano) 000 31, (FIDPL) 0 0 0
3 3 (barrier) 30 16 (compacted clay) 0427 0418 0367
4 2 (drainage) 02 20 (Goonat) 085 001 0005 200 2
5 4 (geomombrane) 006 35 (HDPE) 0 0 0

0 3 (barrier) 025 17 (gaosyntholic clay) 075 0747 04

Liner System 3
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (gootnombrano) 006 35 (1-113PE) 0 0 0
3 3 Cbarrlor) 025 17 (Boosynthelic clay) 075 0747 04

4 2 (drainage) 02 20 (Goonot) 085 001 0 OM 200 2

5 4 (goornombrano) 006 35 (HDPE) 0 0 0
0 3 (barrier) 30 10 (compacted clay) 0427 0418 0367

Liner System 4
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2

2 4 (goomembrano) 000 35 (HDPE) 0 0 D
3 3 (barrier) 025 17 (goosynthetic clay) 075 0747 04

4 2 (drainage) 02 20 (Goonat) 085 001 0005 200 2

5 4 (goomembrano) 006 35 (1113PE) 0 0 0

6 1 (vort porm ) 30 10 (compacted clay) 0427 0418 0367

7 4 (pomembrane) 004 39 (IIDPF) 0 0 0

21907 701030(3) 11 012
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Table 5.3 (contlnued)

lit I P M1141111 I nyar I hirknoois 11P IP Modal Default Field Willing Drainage Length Drainage Slope
I ayer Number I ayar lypn (Im he's) Material Type Porosity Capacity Point (feet) N

Liner System 5
1 2 (drahinga) 17 1 (1 Inin Sand) 0417 0045 0018 200 2
2 4 (goomninlirmin) 0 M iý, (m)PI-) 0 0 0
3 3 (harder) in 10 (compacted clay) 0427 0418 0107
4 2 (drainfigo) 02 20 (Goottot) 085 001 0005 200 2
5 4 (goomembrana) 0 (M 35 (ImE) 0 0 0
6 a (harrier) 36 16 (compacted clay) 0427 0418 0307

Liner System 0
1 2 (drainage) 12 1 (clean send) 0417 0045 0018 200 2
2 4 (Boomembratba) 000 35 (HDPE) 0 0 0
3 3 (barrier) 30 lo (compacted clay) 0427 0418 0367
4 2 (drnivago) 02 20 (Goonot) 065 001 0005 200 2
5 4 (goomembrano) 006 n (11DPE) 0 0 0
0 3 (harrlor) 30 lo (compacted clay) 0427 0418 0307
7 4 (gGomembrane) 004 35 (HDPE) 0 0 0

HDPF High donsfiv polyethylene
HELP HydroloBic Evaluation of Landfill Performance

Vort Perm Vertical permeability
96 Percent

21907 703030(j) 2 of 2
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Table SA: Landfill Liner Effectiveness Evaluation
HELP Model Results

Estimatod average annual leachate passing t1trough liner wifli. approximately I foot of Ilead on top
Most Likely Worst-Case Most Likely Worst-Case Most Likely Worst-Case

Linors (Inchos/yr) (indtos/yr) (W/yr) (ft3/yr) (gallons/yr) (gallons/yr)

System

1 2 5 x 106 004 0397 5,973 297 44,678

2 2 5 x 105 004 0307 5,072 297 44,671

3 2 ri x lo' 051 0398 82,073 298 613,906

4 2 5 x 106 051 0398 82,073 208 013,000

5 2 5 x 106 051 0398 01,015 298 605,992

0 2 5 x 106 051 0398 81,012 290 605,970

Most likely case assurnes one pinhole per acre (manufacturing dofoct), three construction dofects per acre, and good goomembrano contact

Worst-case assurnes one pinlidlo per acre, ten constructions defects par acre, and worst-case geomoinbi one contact

Volume estimatos (ft/yr and gallons/yr) were calculated assuming 44 acres as the landfill area

ft" Cubic foot
yr Year

21DO7 703030(3)
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Table S.5s Final Landfill Cover Effectiveness Evaluation
HELP Model Input Parameters

Layer HELP Model Default Drainage Drainage
Layer HELP Model Thickness Material Type Field Wilting Length Slope

Ntimber Layei Typo (111clies) Porosity Capacity Point (feet)

Cover Systein I
I I (vert perni) 8 6 (sandy loam) 0453 019 0005
2 1 (vort porm 52 8 (loam) 0463 0232 0116
3 2 (drainage) 02 20 (Geonet) 085 001 0005 200 2
4 4 (Soomombrano) 006 35 (III)PE) 0 0 0
5 3 (bari ior) 30 16 (compacted clay) 0427 0410 0367

Cover System 2

1 1 (vort perm 8 6 (sandy loam) 0453 019 0085
2 1 (Vort peim) 52 8 (loam) 0463 0232 0116
3 2 (drainage) 02 20 (Geonet) 085 001 0005 200 2
4 4 (goomembrane) 006 35 (HDPE) 0 0 0
5 3 (barrier) 0 25 17 (goosynthetic clay) 0427 0418 0367

Cover System 3

1 1 (vert porni) 0 6 (sandy loam) 0453 019 0085
2 1 (vort porin 52 8 (loam) 0463 0232 0116
3 2 (drainage) 12 21 (gravel) 085 001 0005 200 2
4 4 (goomombiane) 006 35 (liDPE) 0 0 0
5 3 (barrier) 30 16 (compacted clay) 0427 0418 0367

21907 703030(3) 1 of 2
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Table 5.5 (continued)

Layer HELP Model Default Drainage Drainage
Layer HELP Model Thickness Material Typo Field Willing Length Slope

Number Layer Type (inches) Porosity Capacity Point (feet) N

Covei System 4
1 1 (vort porm ) 8 6 (sandy loam) 0453 019 0005
2 1 (vort perm ) 52 8 (loam) 0463 0 232 0116
3 2 (diamago) 12 21 (giavol) 085 001 0005 200 2
4 4 (goomembrane) 006 35 (HDPE) 0 0 0
5 3 (barrior) 0 25 17 (goosyntlietic clay) 0.427 0418 0367

1 IDPE I ligh donsity polyothylono
HELP 1 lydrolo8k, Pvaluation of Landfill Porformance
Vort Vertical
Pei in Pornioability
% Porcont

21007 703030(3) 2 of 2
032900505 RAP



Table 5.6: Landfill Final Cover Effectiveness Evaluation
HELP Model Results

Estunated Average Annual Cover luffitrabon from 100 Years of Denver Weather
Most Likely Worst-Case Most Likely Worst-Case Most Likely Worst-Case

Covers (inches/yr) Onchesýr) (fe/yr) (fj3/yr) (gallonsýr) (gallons/ýr)

SyStG3n

1 7 3 x 10-6 112 1161 178,651 868 1,336,310
2 2 8 x -10-6 004 0439 5,650 328 42,262
3 4.2 x 10-6 008 0664 12,836 497 96,013
4 9 6 x 10-7 0005 0154 743 115 5,558

Most likely case assumes one pinhole per acre (manufacturing defect), three construction defects per
acre, and good geomembrane contact.

Worst-case assumes one pinhole per acre, ten constructions defects per acre, and worst-case
geomembrane contact.

Volume estimates (ft/yr and gallons/yr) were calculated assuming 44 acres as the land-fill area

ft' Cubic feet
yr Year

21907 703030 (3)
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Table 6.7: Cost Evaluation of Landfill Liner Systems

F-stiMated
unit cost Unit Cost

Liner Component $/ft2 Reference

Liner System No. 1. Double Composite Liner With GCLs
LCRS 0.50 GNRA
60-mil HDPE Pnmary Geomembrane, 0.45 Polyflex
Geosynthetic Clay laner 0.55 CETCO
Geonet 0.50 GNRA
60-mil HDPE Secondary Geomembrane, 0 45 Polyflex
Geosynthetac Clay Luaer 0.55 = 0

Net urat cost 3.00

Liner System No 2: Double Composite Liner with GCL and GCL
LCRS 0.50 GNRA
60-mil HDPE Pnmary Geomembrane 045 Polyflex
3-foot-tbick compacted clay/amended soil 1.80 GNRA
Geotextile 0.50
Geonet 0.50 GNRA
60-mil HDPE Secondary Geomembrane, 045 Polyflex
Geosynthetc Clay Ianer 0.55 CETCO

Net Umt Cost 4.75

Liner System No. 3: Double Composite Liner with GCL and GCL
LCRS 050 GNRA
60-m.il HDPE P=ary Geomembrane 045 Polyflex
Geosynffietc Clay Lmer 055 CFrCO
Geonet 0.50 GNRA
60-mil BDPE Secondary Geomembrane, 045 Polyflex
3-foot-thick compacted clay/amended soil 180 GNRA

Net Urat Cost 4.25

Liner System No 4 Double Composite Liner with GCL and GCL with Tertiary
FTAL
LCRS 050 GNRA
60-mil HDPE P=ary Geomembrane 0.45 Polyf lex
Geosynthetac Clay Luaer 055 CETCO
Geonet 050 GNRA
60-mil HDPE Secondary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
40-mil HDPE Tert:Lary laner 040

Net Urat Cost 465

21907 703030(3) Harding Lawson Associates I of 2
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Table 5.7 (continued)

Estimated
Unit Cost Unit Cost

Liner Component $/ffz* Reference

Liner System No. 5: Double Composite laner with CCLs
LCRS 050 GNRA
60-mil HDPE Primary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil BDPE Secondary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 180 GNRA

Net Unit Cost 6.00

Liner System No 6: Double Composite Liner wiLth CCLS and Tertiary FMIL
LCRS 050 GNRA
60-mil HDPE Primary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil FIDPE Secondary Geomembrane 045 Polyflex
3-foot-tiuck compacted claylamended soil 180 GNRA
40-nill HDPE Tertiary Liner 040

Net Unit Cost 640

All costs are in 1995 dollars

CETCO Geosynthetic Imer manufacturer
FNM Fle)able membrane liner
GCL Geosynthetic clay liner
GNRA G N Richardson and Associates
HDPE High-density polyethylene
LCRS Leachate collection and recovery system
Polyflex Geomembrane manufacturer

* Liner price does not indude cost of I-foot-thick prepared subgrade

2 of 2 Harding Lawson Associates 21907 703030(3)
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Table 5.8: Cost Evaluation of Landfill Cover Systems

UnIt cost unit cost
Cover Component $/fft* Reference

Cover System No. 1
6-foot Erosion Control Layer 1.60 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil HDPE 045 Polyflex
2 5-foot compaced claylamended soil 150 GNRA

Net unit cost 455

Cover System No. 2
6-foot Exosion Control Layer 1150 GNRA
Geotextile, 0.50
Geonet 0.50 GNRA
60-mil HDPE 045 Polyflex
Geosynthetc: Clay Liner 055 CETCO

Net Unit Cost 360

Cover System No. 3
6-foot Erosion Control Layer 160 GNRA
Geotextile 050
1-foot Sand Capillary/Dramage Layer 050 GNRA
60-mil HDPE 045 Polyflex
2 5-foot compaced clay/amended soil 150 GNRA

Net Unit Cost 455

Cover System No. 4
6-foot Erosion Control Layer 160 GNRA
Geotextile, 050
I-foot Sand Capillary/Drainage Layer 050 GNRA
60-mil HDPE 0,45 Polyflex
Geosynthetic Clay Liner 0.55 = CCI

Net Unit Cost 3.60

All costs are 1995 dollars

CL7CO Geosynthetic liner manufacturer
GNRA G N Richardson & Associates
HDPE High-density polyethylene
Polyflex Geomembrane, manufacturer

* Cap price does not include cost of structural U for grading

21907 703030(3) Harding Lawson Associates
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Table 5.9: Overall Landfill Cover and Liner Evaluation
Potential Leachate Release

Estimate Averaxe Annual Leachate Passing npqugh Lmer
Most lakoly Worst-Case Most Likely Worst-Case Most Likely Worst-Case

system (inches/yr) (uwhes/yr) ffe/yr) (ft/yr) (gallonsýr) (gallons/yr)

Cover System
No 4
Lmer System 2 6 x 10-7 16 x 10-3 006 260 0.3 2000
No 1

fe Cubic feet
yr i"ear

21907 703030
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Table 5.10: Estimated Soil Material Requirements for Conceptual Landfill Models

Estiniated Volinne Required (CY)

DoI)th Acceptable Concoptual Model Concoptual Model Conceptual Model

Sofl Use (inclies) Soil Tyl)o No I No 2 No 3

Cover
V0801 ativo layol 8 Sandy loani 21,000 40,000 100,000

Wator storago/fiost potoction 52 Loam 140,000 260,000 630,000

Bari ior 30 Glay 80,000 150,000 365,000

Siibgi ade 12 Structilral fill 32,000 60,000 145,000

Linor
Pi otoctivo laym 12 Shuctural fill 32,000 60,000 145,000

Priinni y bari loi 36 Glay 95,000 180,000 435,000

So(,oiidaiy I)ai i foi 36 Clay 95,000 180,000 435,000

Subgi ado 12 Structural fill 32,000 60,000 145,000

Operational Cover Stiucluial fill 200,000 460,000 1,200,000

Total Liner and Cover
Sandy lonin NA 21,000 40,000 100,000

Loain NA 140,000 260,000 630,000

Clay NA 270,000 510,000 1,235,000

Structulal fill NA 296,000 640,000 1,635,000

CY Cubic yard
NA Not al)plicablo

21007 703G30
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Table 5.11: Summary of Estimated Construction Cost

Conceptual Conceptual Conceptual
Item Descnphon Model I Model 2 Model 3

Support Construchon
Drainage $8,000 $13,000 $20,000
Storm-water Detention $50,000 $100,000 $150,000
Fencing $57,000 $77,000 $113,00
Maintenance Building $150,000 $150,000 $150,000
Office/DecontammatonBuildmg $30,000 $30,000 $30,000
Roads $40,000 $40,000 $40,000
Parking $2,000 $2,000 $2,000
Leachate Management System $200,000 $400,000 $800,000
Groundwater Monitoring System $120,000 $156,000 $240,000

Call Construction
Excavation $1,892,000 $3,036,000 $6,270,000
Sumps, Header Pipe, and Pumps $62,000 $68,000 $75,000
Subgrade Prep $22,000 $42,000 $101,000
Liner System $4,038,000 $7,600,000 $18,525,000
Protective Cover $228,000 $427,000 $1,039,000
Embankment $287,000 $426,000 $686,000
Cover Vent System $855,000 $1,602,000 $3,897,000
Cover System $3,868,000 $7,280,000 $17,745,000

MobffizatLon/DemobiInation $233,000 $433,000 $1,041,000

Construchon QA/QC $350,000 $650,000 $5,561,000

Total $12,500,000 $22,500,000 $52,500,000

QA/QC Quality assurance/quality control

21907 703030(3) Harding Lawson Associates
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Table S.1 2: Operation & Maintenance Cost Summary Table

Yearly O&M Costs
I R101111 I IN Total O&M Cost

Conceptual Modol III ynnfq I 1111111lig milliIIIIIIII maxiIIIIIIII Average Per Cubic Yard

1 12 Restricted $1,150,000 $2,374,000 $1,487,000 $18
1 4 5 Unrestricted $2,035,000 $2,991,000 $2,294,000 $11
2 10 Restricted $1,994,00ýO $3,442,000 $2,440,000 $11
2 25 Unrestricted $4,979,000 $7,429,000 $5,820,000 $8
3 16 Restricted $2,364,000 $4,436,000 $3,109,000 $8
3 9 Unrestricted $3,695,000 $6,159,000 $4,460,000 $7

21907 703030(3)
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Liner System 4 
Explanation

Loachate collection system
Liner System 1 LaYW ThIcknesa

Leachate detection system . .. GranuLar drainage 12 Inal'"
Leachate colleebon system with perforated

lecton 

*6

Cornpacied 
cidy/ 

36 inrbes

Leachate detection system

amended W1

eo

PrW"ed subgrade 12 Inches

Hlgfý-d nsity polyetlr/ýne BO mil Jer prinnary/serondary geonýernbrdneLiner System 5 (HDPE) 44) mil for terliary goonnarnbrane

Geonet 200 mNLiner System 2 Leachate collection system

Leachate collection system Geosyrdholk clay liner 250 mil

Geat"O Varlabia

XýýX )Leachate detection system

detection system

I> Leachat

Liner System 3 Liner System 6

Leachate collection system
Leachate collection system

Leachate detection system 

Leachate detection system 

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commeýoe City Colorado

Prepared by
Harding Lawson Associates

Figure 5 1
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Explaturtion

Layer Ca Ion Thickness

Soiliýravol a4lrnbaro 8 inches

VVVVVVV

Covier System 1 Cover System 2 Cmw SysIxem 3 COM System 4 Vký

Water 810ragaftod 52 =has
protection

W,o Wý we 6 Odlido(jig we Wý 00C 0 ý) 0;ý W 4
0 a 6ý ý J,ýýNZWýaý (ý ý Q ý I O.PNZW--'Oý , 0 Q ý Q OPNIZ7NZ114 I

IJVVVklVkIVVVVVVVIJV VVVVVVVVVV1fVVVVV $VVVVVVVVVVVVVVvt rv-vvvlfvvvvv k
%AAfV'v VV%rk,ýý ý) V'V t I) j 1111' 1111' '1 1 11 W Xv WV%N%11V%rVVV"
'V V V V I I VVX) VVVV'I.N k) 1) vvvvvvvvw),ýý AXV V).ýý Anknal Ini, usion layer 6-12 inchesV V V V -NI)

U) Ad
VW V).j Vý) Granulairildrainage layer 12 InchesrtAr VVI)

)j I rVA)
AjOf)jV

Compacied clay/ ýO inches
axnended obil

IJVf'AA 0 1
JV

Granularsoll--gas 12 Inches
collection With

,j perforated Yen[ pipe
A i

IntainnediffIB GOVOI/ various@nQ 
grading fig

High density polyeftlene 550 "1 for pOrnaryl4scondary goornon-brane
(HDPE) 40 rrill br [or" geornenntxana

Geonal 200 A

Geosyrtebc day liner 250 mll

Godexille Variable

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City Colorado

Prepared by
Harding Lawson Associates

rigure 5 2

Cover System Alteradvas



RMN21907754 514195 LDZ

220 90 4
008 11 -5 -122 12 8 1-1 -A 8300 AkhAn

;,,P, e N, 
Z'

7 -1 LAn A95 \019\
003- 017 020

164
'o:

1ý10
1

1b

A

156

55- 0213
-- ,z 62

t 54
29

r 008 ý2,45 -
010 31 NO) TH P NTQ_

051 11
3

ýA'
4- 0 z 0

2ý -059, '462 6 LT%
T/

M

U73
074 

U 55

a"I" 97 05

_ZO 04:ý
L k, "I

1581, N) - -
V%

A
59 2

0V 
61

150,
ý2

e',

M

Explanation 038
Approximate Waste Footprint for Conceptual Model I A Monitoring well
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6.-0 CONCLUSIONS AND RECOMMENDATIONS

This section presents conclusions and recommendations based on the Material FS, Area FS, and Site

FS results The Material FS evaluated whether onsite soils are suitable for use as landfill liners and

capping material based on field and laboratory tests The Area FS identified an area within RMA

suitable for siting a landfill based on current regulatory and institutional criteria After an area was

identified, adequate geologic and geotechnical data was collected to characterize the site and evaluate

the feasibility of constructing a landhE in the existing foundation materials The Site FS identified

an appropriate site within the area identified in the Area FS and provided information on the overall

footprint of the landfill (based on 3 different waste volumes)

6.1 Conclusions

The Material FS objectives were met The field and laboratory test results confirm that onpost soils

can be used to constiuct caps and liners that meet regulatory-required hydraulic conductivity The

construction methods employed to construct the two test fills identified the approximate lift

thickness, moisture content, density, and compactive effort necessary to achieve the required

permeability

The Area FS objectives were met Landfill siting anteria and policies were used to screen RMA and

identify an area suitable for potentially siting a haza dous waste landfill in the western half of

Section25 Three deep borings and thirty shallow borings were drilled and lithologically logged to

characterize the geology of the area identified The three deep borings were also geophysically

logged to help understand the geology across the area Three-hundred thirty-five samples were

analyzed for particle size and Atterberg limits Sixty-five percent of the samples were classified as

clay, and thirty percent as clayey sand Remolded permeability tests were performed on a clay soil

sample from each of the 30 shallow boreholes Approximately half of the permeability tests achieved

vertical permeability values less than 1 x 10' cm/s The results of the geologic and geotechnical

characterization suggest that approximately half the soil in the identified area could potentially be
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Conclusions and Recommendations

used as material for construction of caps or liner Geologic and geotechnical results indicate that the

area is conducive to construction of a hazardous waste landfill vnth primarily clay and claystone

underlying the site

The Site FS objectives were met- Appropriate landfill sites within the area identified in the Area FS

were evaluated and conceptual landfill models, design elements, construction costs, operation and

maintenance costs, and schedules information was developed and evaluated For the purposes of

this report, waste volumes of 1,000,000 CY, 2,300,000 CY (the preferred sitewide alternative in the

DAA), and 6,000,000 CY were used to account for projected Tainirnum and maximum waste volumes

The total landfill volumes used for the three conceptual models included a 20 percent volume

increase over the needed waste volume to account for operational cover (1,200,000 CY, 2,760,000 CY,

and 7,200,000 CY, respectively) Waste generation rates were estimated to be in the range of

98,000 CY to 1,100,000 CY of material per year without a funding limit, and 37,000 to 280,000 CY of

material per year assuming a $100,000,000 annual funding limit Climate, topography, and surface

hydrology should not impact landfill construction Subcropping Denver Formation sand. units in

contact with the alluvium should be avoided if possible Maximizing the depth to groundwater and

placing the landfill away from areas where groundwater flows radially is preferred Therefore, siting

the landfill within the central portion of western Section 25 is preferred No geologic hazard or

environmentally sensitive area considerations were noted in this study, but additional study may be

required for siting and design Slope stability and settlement from excavation should not impact

construction or O&M of the landfill

Conceptual design alternatives were developed for hner systems, leachate collection. and removal

systems, gas management systems, final cover systems, and performance of an environmental

monitoring system Six liner system alternatives were developed Four final cover systems were

developed Environmental monitoring will be performed as part of the facility performance monitor-

ing Conceptual liner and final cover alternatives were evaluated for effectiveness using EPA's FIELP

6.2 Harding Lawson Associates 21907 703030
0329040695 LSF



Conclusions and Recommendations

Model, and evaluated for cost by estimating the unit cost on a square foot basis Using the H=

Model to simulate the most likely construction quality scenario, all liners performed about equally

Liner System Nos I and 2 (use geosynthetic day liner) performed better than the other liner systems

The final screening of the conceptual liner designs should consider cost and constructability rather

than potential performance because performance results for conceptual liner designs are so similar

The calculated infiltrationi esults for all the final cover systems evaluated are similar and very low

Cover System No 4 performed the best The similarity of performance results for the cover

alternatves indicates that final screening of the cover systems should consider cost and construct-

ability rather than potential performance

The total unit cost estimate for the liner systems ranged from $3 00 to $6 40 per square foot The

total cost estimate for the cover systems ranged from $3 60 to $4 55 per square foot. Liner System

No I was the most cost-effective Cover System No 4 was the most cost-effective

The overall landfill performance was evaluated using the BELP Model to evaluate the potential

effectiveness of the cover and hner systems Cover System No 4 and Liner System No 1 were used

to estimate the long-term leachate production from the landfill Extremely small rates of potential

release are predicted for both the most likely (2 6 x 10 ' Wyr) and worst-case (1 6 x 10 ' in/yr)

scenarios EPA's R= Model was used to estimate advective travel times of un aturated flow

produced by the leachate predicted from the HELP Model Potential travel tunes through the vadose

zone are estimated at 8 20 x 10-4 ft/yr to 9 37 x 10-4 ft/yr, depending on the saturated hydraulic

conductivity At the estimated rates, it would take from 1000 to 1200 years for soil water in the

vadose zone to move downward I foot

The conceptual facility layouts and material quantties were based on the three conceptual landfill

volume requirements and an excavation depth of 30 feet below the existing ground surface The
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areas for each footprint are 19 acres (1,200,000 CY), 36 acres (2,760,000 CY), and 87 acres

(7,200,000 CY) Conceptual Models 1 and 2 are placed within alluvium and both footprints avoid

sand subarops The base of Conceptual Model 3 is within the weathered Denver Formation and is

cut into subcropping sand units

Material quantities were estimated for low-permeability soils and structural fill soils used in landfill

liner and cover system components The quantities of soils required for landfill construction were

then compared to the estimated volumes of onpost materials The surface area to be lined and

surface area for final cover were calculated using the waste depth, height, excavation, and above

grade sideslopes Based on the estimated volumes of onpost soil from borrow areas and landfill

excavation, it appears that sufficient onpost soil exists to meet the construction requirements for even

the largest landfill layout, Conceptual Model 3

Cost estimates for construction and annual O&M for the three conceptual landfill models were

prepared to be accurate within a plus 50 percent to rainus 30 percent range Theestimated

construction cost per cubic yard of waste disposal capacity for Conceptual Models 1, 2, and 3 are

$12 50 per CY, $10 00 per CY, and $9.00 per CY, respectively The estimated total construction cost

for Conceptual Models 1, 2, and 3 are $12,500,000, $22,500,000, and $52,500,000, respectively

Annual O&hl costs were prepared at a plus 50 percent to rninus 30 percent range Theaverage

yearly 0&.NI costs for the restricted funding scenarios for Conceptual Models 1, 2, and 3 are

$1,487,000/yr, $2,440,000/yr, and $3,181,000/yr, respectively The average yearly O&M costs for the

unrestricted funding scenarios for Conceptual Models 1, 2, and 3 are $2,294,000/yr, $5,820,000/yr,

and $4,460,000/yr, respectively Additionally, the lowest average O&M costs per cubic yard are

associated with the largest landfill (Conceptual Model 3) at $7 per cubic yard

Harding Lawson Associates 21907 703030
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A conceptual construction schedule was developed for construction of an approximately 200,000 CY

module Based on the estimated schedule, construction would take appro)aTnately 34 weeks

O&M plans should be prepared for the facility and should include construction and CQC

requirements, daily operations, penodic operational activities, and specific plans

In conclusion, based on the evaluation performed in the Site FS, it is feasible to construct a RCRA

Subtitle C hazardous waste landfill of sufficient capacity at the preferred site using onsite borrow

materials that would meet the applicable federal, state, and local regulatory requirements

6.2 Recommendations

Material FS recoTnTn endations include the following

Perform additional geotechmcal testing of borrow materials concurrent with construction to
assess actual specifications for cap and liner construction

Area FS recom m endations, include the followmg

Perform a detailed hydrogeologic study to evaluate groundwater flow velocities and vertical
gradients in the potential landfill area identified

Site FS recorn end-ationsiriclude the following

Based o-i ccmpletion of a hydrogeologic study in the potential landfill area, and a decision by
PNMNLA6 to pursue construction of an onsite hazardous waste landfill, a formal Subtitle C
LancifiE siting report should be prepared The report should rely on the information provided
in thas Site FS report Minimal, if any, field investigation will be required Once the ROD
for the onpost operable unit is decided upon, and if the final remedy includes a landfill, a
formal landfill siting report sbould. be prepared for submittal

Perform necessan additional geological and geotechmcal drilling and testing within the
landfill site concurrent with construction to prepare landfill siting report.
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7.0 ACRONYMS

ABPA Archeological and Historical Preservation Act

ALR Action leakage rate

ARAR Applicable or relevant and appropriate requirement

Anny U S Department of the Army

ASTM American Society for Testing and Materials

bcy Bank cubic yard

BEMA Bald Eagle Management Area

bgs Below ground surface

CCR Code of Colorado Regulations

CEC Caton exchange capacity

CERCLA Comprehensive Environmental Response, Compensation, and laabihty Act

CFR Code of Federal Regulations

CL Clay liners

cm/s Centimeters per second

CME Central Mine Equipment

CMP Comprehensive Moni tonng Program

COC Chain of custody

COE U S Army Corps of Engineers

Colog Colog, Inc

COR Contracting Officer's Representative

CQC Construction quality control

CRS Colorado Revised Statute

CY Cubic yard

DAA Detailed Analysis of Alternatives

DSA Development and Screening of Alternatives

Ebasco Ebasco Services, Inc
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Acronyms

EPA US Environmental Protection Agency

ESA Endangered Species Act

ESE Environmental Science and Engineering, Inc

FFA Federal Facilities Agreement

F&M Fle)able membrane liners

FS Feasibility study

GCL Geosynthetic clay liners

GIS Geographic Information System

G1%4P Groundwater Momtoring Program

HLA Harding Lawson Associates

11D Inside diameter

IRA Interun response action

K Hydraulic conductivity

Ki Time-weighted average value of Stage I hydraulic conductivity

K2 Time-weighted average value of Stage 2 hydraulic conductivity

Ký Horizontal hydraulic conductivity

Ký 1. ertical hydraulic conductivity

LCRS Leachate collection and removal system

n2l Millibter

meq!q hidbequivalent per gram

NME Morrison-Knudsen Environmental Services, Inc (formerly Momson-Knudsen
Engineers, Inc)

NCP National Contingency Plan

NWA National ffistonc Preservation Act

O&M Operation and maintenance

OD Outside diameter

ou Operable unit

pcf Pounds per cubic foot
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Acronyms

PI Plasticity Index

PED Photoionization detector

PMIUVIA Program Manager for Rocky Mountain Arsenal

PPE Personal protective equipment

PRG Preliminary reinechation goal

psf Pounds per square foot

psi Pounds per square inch

PVC Polyvinyl clilonde

QC Quality control

RAO Remedial action objective

RCRA Resource Conservation and RecoveryAct

RI Remedial investigation

RMA Rocky Mountain Arsenal

ROD Record of Decision

RPO Representative process option

RUST E&I Rust Enviro=ent and Infrastructure

SARA Superfund. Amendments and Reauthorization Act of 1986

SCS Soil Conservation Service

SIA Stapleton International Airport

SM Site Manager

SPT Standard Penetration Test

TEG Temperature effect gauge

USC United States Code

USCS Unified Soil Classification System

USFWS U S Fish and Wildlife Service

UX0 Unexploded ordnance

VOC Volatile organic compound
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Acronyms

Walsh P Walsh and Associates, Inc

WES Waterways Expe=ent Station

0 F Degrees Fahrenheit
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SECTION 01: SUNMARY OF WORK

PARTI GENERAL

1.01 PROJECT DESCRIMON

A- Work of the Contract comprises construction of two (2) test Mls at Rocky Mountairi
Arsenal, Commerce Caty, Colorado. Work includes, but is not limited to:

IA. Stripping and stockpiling 12 inches topsoil h orn the two desigriated barrow areas
shown. in. Figuie 2.

1B. Stripping and stodcphrig 4 inches topsoil from the test fill area, and processing
area.

2. Excavating approximately 500 cubic yards (yd) of clay from each of two (2)
designated borrow areas (total of 1000 ydj.

S. Transporting clay to soil processing area

4. Processing clay to meet moisture content and clod size specificatons

5 Grading Test Fill area to a smooth, uniform sin-face.

6. Wethng the subgrade and placing a working layer of clay at base of each test 0.

7. Constructng the thre--,foot thick test fills in. six (6) six-inch lifts, allowing for
testing by the Fmgmeer during construction.

8 Preparing necessary test fill surfaces and assisfting with field testing, e.g , blading
smooth surface for nuclear gauge, pushing Shelby tubes, excavating small test
pits to check lift bondin&

9 Regrading and placing stockpiled topsoil over completed test fill, processing, and
borrow areas

10 Seeding and mulching all disturbed areas.

B The Subcontractor shall furnish all labor and eqmpment to perform the Work outlined
above The following shall be provided to the Subcontractors-

a. The Owner shall provide approved onpost barrow sources for all soil for

compacted soil test fills

b The Contractor shall provide onpost water source at the Fire Station, comer
of D Streei and 7th Avenue, I IJ8 miles south of test fills.

c The Contractor shall provide soil testing during processing and placement of
test fill soil.

d- The Owner shall provide native grass hay mulch.

21907,703030- Specs
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102 FORM OF SPECIF CATIONS

A- Term "provide" or 'provided" shall mean wfin-nish and -install in-place," except as noted.

B These Specifications are intended to be used in conjunction with the accompanying
Test Fill Design Plans, hereinafter referred to as 'Drawings."

C Definitions:

1. Contract - Contract documents signed by HLA and Subcontractor

2. Contractor - Har&ng Lawson Associates

3. Engineer - IffiNs resident pro3ect engineer or designated representative

4 Subcontractor - FAnthwork construction company

5 Owner - Program. Manager for Rocky Mountain Arsenal

G. Work - All site work related to this pro3ect that is to be performed by the
Subcontractor

D Any reference to standards of any society, institute, association or governmental agency
shall be the edition in effect as of the date of this Specification, unless stated otherwise

1.03 CONTRACTS

A. Perform work as agreed to in Contract with Contractor.

104 WORK BY OTHERS

A- Work on pro)ect which will be performed by others during period of contract, but that is
excluded from contract, is as follows

1. Construction management services.

2. Construction material testing.

3. Surveying services

4 Health and safety monitoring.

5 Owner and regulatory limson.

105 SCHEDULE

A Coordinate construct:Lon schedule and operations with Engineer.

1.06 SUBCONTRACTOR7S USE OF PREMISES

A Confme construction operations to within designated work areas unless otherwise autho-
rized by Owner. A fenced parking lot and eqmpment laydown area are shown in Figure 2.
Some parking is also available at fhe test fill site.
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B. Keep driveways and roads clear and available to Owner at all times. Do not use these
areas for parkmg or storage of materials. Schedule deliveries with Engineer to mini-
'M'1 space and time requirements for storage and handling of materials and equipment
onsite

C Subcontractor shall, at all times, conduct operations to assure least inconvemence to
Owner, Contractor, other subcontractors, onpost personnel, and operations of facility.

D Do not perform any wcrk within protected area botmdw-Les.

E. Coordinate hours of operation with Emgmeer.

1.07 OWNER - FURNISBED rMAS

A- Owner will fiumsh site laydown and parlang facilities.

B. Owner will finmish access to construction water at the Fire Station, comer of D Street
and 7th Avenue, 1 1/8 miles south of test fills.

C Owner will fin-msh native grass hay mulch (located)m Section 29 of RMA; see
Figure 2).

1 08 CONTRACTOR RESPONSEBIIXMS

A- Provide construction management services.

B. Arrange for soil testmg as specified in Specifications,

C. Arrange for necessary surveying.

D Cocrdinate construction activities with Owner.

F- Monitor site conditions for health and safety

1.09 SUBCONTRACTOR'S RESPONTSIBH=

The Subcontractor shall fin-msh all labor and eqmpment required to perform the Work,
including, but not limited to:

A- Hand] e material at site, including receivin& unloading, and storage in accor-
dance with Contractar's recpnrements and manufacturer's recommendations

B Install materials as required by Specifications.

C. Repair or replace materials damaged by Subcontractor.

D. Arrange for replacement of damaged, -defective, or missing items or materials

- END OF S=ON -
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SELMON 02. GENERAL REQUMBENTS

PARTI GENERAL

1xi SLJhEqARY

A- Two test fMs shall be constructed to verify the suitability of two different local materials
for use as imperiimble clay liner and to verifyidetermine the construction procedures
(Le., moistin e content range and compaction effort) required to achieve a compacted in-
Place permeability less than or equal to 1 x 10' centimeters per second (cm/sec).

B. This Specific;ation and other Contract Documents cover the fi= shmg of all labor,
materials, equipment, superintendence, and services necessary to construct the test fills

C. Coorýemlaon. The Subcontractor shall cooperate witb all other parties engaged in pro)ect-
related activities to the greatest extent possible. Disputes or problems should be referred
to the Contractor for resolution.

D Construction Water. The quality of construction watAr used to accomplish constinictaon
work is cru(=aI due to the nature of the facilities being constructed. Subcontractor shall
use construction water provided by Owner, which is a good quality water from an onpost
source

F- Ins-Pecti. All inspection, test%, and clocumentation pToceclures shall be the responsi-
bility of the Contractor. As described in other Specification sections, Subcontractor shall
assist as necessary in facilitating testing procedures

- END OF SEMON -

21907,703030- Spew

MIS021095 02-1



SECTION 03: HEALTH AND SAFETY REQUEREMINTS

PARTi GENERAL

i.ol SL%IMARY

A- SITE BACKGROUND

Rocky Mountain Arsenal (RMA) occulnes approxamtely 27 square mules in southern
Adams County, Colorado, approxunately 9 miles, nartheast of downtown Denver
(Figure 1) RMA was established by the Army in 19 42 to produce chenucal and
incendiary munxtions; for World War IL

During operations at RMA, the U.S. Department of tfie Army's (Army's) day-to-day
activities generated Ta-unceRaneous solid waste, as well as potentially contam-nated
tools, equipment unwanted containers, rejected incendiaries, empty maunitions
casings, demAitanzeKi muniftons, explosives, burster charges, rocket propellant, rocket
motors, wastes from the Mustard Plant, and wastes from the production of nerve
agent (GB)- These miatenals were with caustic or other
decontammants and transported to burning pits to assure complete decontamination
by mcnneratio3i. Following World War H, the production of mumations decreased, and
the Army leased selected portions of RMA to private industry.

From 1942 until 1957, chemucal agents were InAnUfactured at RMA. Levinstein
mustard (H) was produced in the South Plants manufacturing area frcm 1942 until
1950 This arm was also used to fill shells with the chemucal agent phosgene or
incendiary =tures, including napalm and white phosphorous. During this period,
obsolete World War II munitions were destroyed by detonation or mcmneration on
RMA.

Section 36 was the primary area for waste disposal at RMA in the 1940s and 1950s.
Potentially solid waste including metal were mc:Lnerated in pits and
trenches located east and north of Basin A. The chenucal nerve agent
isopropylmezhyl fluorophosphonate (Sarin or GB) was produced in the North Plants

area from 1953 until 1957. Munitions filling with this nerve agent
continued at kMA until 1969. From 1970 to 1984, Army activilies focused prinianly
on the demilitarization of nbpmical warfare materials.

In 1947, portions of RMA were leased to private mcbistry. Early lessees included
Colorado Fuel and Iron Corporation (CF&I) and juhus Hyman and Company (Hym=).
CF&I produceKI chlorine and chlorinated benzenes and attempted to manufacture
chchlorochphenyltachlaroethane (DDTI. Hyman produced. several pesticides dunng
this period. In 1950, Hyman added to its lease a nwmber of facilities formerly
operated by CF&L In 1952, Shell Chl Company (SheLU) acquxred Hynian and operated
it as a wholly owned subsidiary until 1954, when Hyman was integrated into the
Shell corporate structure and Shell succeeded Hyima as the named lessee- From
1952 until 1982, Hyman and/or Shell produced a variety of herbicides and pesticides
in the South Plants manufacturing complex.

Between 1942 and 1982, a variety of the contaminants associated math the industrial
activities onnte were released to the environment at RMA. Cherucal waste effluents
were discharged into lined and unlined evaporation basins, and solid wastes were
buned or disposed on the surface- Wastewater, raw materials, and end products were
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leaked and accidentally spilled within the manufacturing complexes, storage areas,
and transportation routes on RMA. Chemical products that were not manufactured to
qxmfication were commonly discharged into shallow trenches. Munflaons were
d and disposed in trenches and on the surface. The sites that are
believed to have been the primary groundwater contamination source areas at RMA
are the manufacturing complexes, the wastewater storage and evaporation basins
(Basms A, C, D, E, and F), areas of sohd waste disposal, and the rail clasnfication
yard-

In the early 1950s, the detrimental effects of chemical contamination on the local
environment became evident By 1951, high waterfowl mortality was suspected of
being linked to the insectimde contamination of three artificial lakes on RMA
(Arnntage, 1951; Goodall, 1951). In 1954 and 1955, severe crop loss was reported by
farmers northwest of RMA using well water for irrigat:ion (U.S. Department of Health,
Education, and Welfare, 1965). Two contammants, d3isopropylmethylphosphonate
(DRvIP), a manufacturing byproduct of the nerve agent GB, and dicyclopentadiene
(DGPD), a chemical usea to produce insechaLdes, were detected in ofipost surface
water in 1974 (R. L Stollar and Associates, L= [Stollar], and others, 1991). Ground-
water contaminated with dibromochloropropane (DBCP) and other compounds has
been detected in samples from oflpost since 1978 (Environmental Science and
Frisaneering [ESE], 1987).

B NATURE AND EXTENT OF CONTANMqAIION

Releases of a variety of Prninant-c to the environment at RMA have resulted in
contamination of environmental media both onpost and oflpost (ESE and othen,
1988; MA and ESE, 1992; Ebasoo Services,Inc. [Ebasco], and others, 1991) Soiland
groundwater contamination have occurred at several locations onpost Soil contaim-
nation is in some cases fairly localized, whereas in other cases it has resulted in

broader contamination as soil contaxat -nignts entered the groundwater.

The distance that a groundwater contaminant plume extends from its source area
depends on numerous factors, induding the contaminants'behavior in the environ-
ment, the amount and time of the release, and other factors, as noted below. Ground-
water contaminant plumes at RMA may extend only a few hundred feet from their
sources or may extend miles, as is the case for DDR. Generally, the oocurrence and
migration of contaminants in groundwater at RMA is complicated by the following
factors

" Many contaminant sources, some areally separated, some overlapping

" A variety of release scenanos, including single or repeated spills, continuous or
intermittent leaks, discharges to chtches or basins, leachiný from trenches, and
leaching from or direct contact of groundwater with buned treansport hues

" Many Tninan

Spatial vanabilillies in aqt&er properties

Complex interactions between water-bearing zones

Historical changes in the distribution and quantty of groundwater recharge
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C The areas of the RMA in which the work will be perfiamed are considered clean
(nonhazardous) and no special safety measures are antu=pated to be necessary beyond
standard construction protective gear such as hard hats, steel-toed boots, and safety
glasses. or goggle&

D. However, because of the nature of the site, constructicni activities at the RMA couldif
unwqxYded conditions axe encoruntered, potentially plaoe Subcontractces personnel in
situations where adchtional personal protective ecpnpment (PPE) or other safety measures
may be necessary.

F- Therefore, all Subcontractor's personnel doing work on the site shall be 40-hour trained
per Occupational Safety and Health Administration (ObWA) Safety and Health Standards
(29 Code of Federal Regulations JCFR] 1910) and general construction standards
(29 CFR 1926).

1.02 PAYN=

A. Subcontractor shall assume that all work shall be performed under OSHA Hazardous
Waste Site "Level D' concht:Lons, (Le, the workis "dean" and only standard construction
protective gear is necessary) Therefore, the Subcontractor shall make no allowance in
time or cost in the bid for working under "Level C" or more strict conditions If results of
real-time monitoring by Contractor indicates a need for add3honal health and safety
precautions and/or protective equipment, Contractor and Subcontractor shall agree upon
fair compensation for work performed under the altered am-stances.

B See also paragraph 106 A-

103 OPERATIONS AND EQUIPhIENT SAFFIY

A. Contractor shall be responsible for imtLatmg, -maintsuning, and supervising safety
precautions and programs in connection with Work. Subcontractor shall take necessary
precautions for safety of employees on Project site as directed by Contractor.

B Both the Contractor and Subcontractor's duties and responsibilities for safety in connec-
tion with Work shall continue until such time as Work is complete and Contractor has
issued notice to Subcontractor that Work is complete.

104 HEALT14 AND SAF=

A. Contractor shall prepare a site-specific Health and Safety Plan and be responsible for
implementaton and enforcement of health and safety requirements, and Subcontractor
shall conform with this Plan. take necessary precautions, and provide protection for the
following.

i. Subcontractor personnel working on or visiting Project site

2. Work and materials or equipment to be incorporated m Work are&

B Read, sign, and follow the Cont-w-tor's Health and Safety Plan.

C Hold a safety meeting prior to starting Work each clay. Inform Contractor of bme and
location prior to meeting. Prom& attendance roster to Contractor.

21907,70=W - Specs
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1.05 CONTRACTOWS RESPONSB3UZM

A. If Contractor determines that Subcontractoes activities do not comply vnth requirements
of this Spamfication. or the site-specafic health and safety plan developed by the Contrac-
tor for the Subcontractor, Contractor may direct its and/cw Subcontractors employees to
leave Project site or implement additional safeguards for Owner's or Contractoes protec-
tion.

B. If Contractor observes situations that appear to have potentLal for immediate and serious
injury to persons, Contractor may wain persons who appear to be affected by such
situations.

1.06 DECONTANffNATION

A. Owner requires that all construction equipment be ran through an onpost
nation station. Subcontractor shall allow 1/2 hour per piece of equipment for flus
procedure for bidding purposes. However, payment shall be made by actual time and
matenals used.

- END OF SEMON -
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SEMON 04: PROJECr M=qGS

PART 1 GENERAL

1.01 SUND&A.RY

A. Engineer will schedule a preconstruction meeting, weeldy progress meetinp, and any
specially called meetings throughout progress of work. Engineer will be responsible to.

I. Prepare agenda for preconstruction meeting.

2. Notify Owner and Subcontractor of location and time.

3 Make physical e for meetings

4 Pres:ide at meetings.

5. Record mmutes; mclude significant proceedings a-ad decisions

6. Reproduce and distribute copies of minutes to meeting participants and other parties
affected by decisions made at meeting.

B Representatives of Subcontractor attending meeting shall be authorized and qualified to
act on Subcontractor's behalf.

C. Payment Consider work specified in this section incidental and include payment as part

of luinp sum price m Bid Schedule

1.02 PRECONSTRUMONh=M4G

A- Purpose of meetaig:

I Review principal features of Wor1L

2. Environmental protection.

3 Safety requirements

4 Progress schedules.

5. Payment.

6. Address Subcontractces questions regarding contract and Wor]L

1.03 WEEKLY PROGRESS M=GS

A- Mimmum of once per week, or as requested by Engineer.

B Attendance

I Owner and/or Ownees representative.

2- Subcontractor's superintendent.
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3 Enpmeer

4 Other Subcontractors as appropnate.

- END OF SEcnON -
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SEC`111 ON 05: C ONSMUCTION SMONG AND SURVEYING

PART I

1.01 SLI&MARY

AL Vertical and horizontal control -A --- nifarmaton. will be provided by Contractor at no
expense to Subcontractor. Stakes wMIf be located (by the Contructar) to set the horizontal
boundaries of the test fills, and processing areas.

1. Contractor shall be responsible for reviewing and following all initial construction
staking. Any restalang shall be approved by the Engineer.

2. Contractor shall be responsible formaintsuning, resLalang as necessary, and removing
survey control stakes.

B. Payment: Consider Work specified in this section maidental (except items specifically
noted as being provided by Contractor) and include cost as part of appropriate fixed
prices in Bid Schedule.

1.02 CONSTRUMON LENE AND GRADE

A. Contractor shall bear sole responsibility for correct transfer of construction lines and
grades from primary vertical and horizontal control stakes and for correct alignment and
grade of completed Work based on lines and grades shown on Drawings and desanbedin
these Specifications.

B Contractor shall transfer line and grade for construction from control stakes to Work
irt3limn-9 the following procedures:

1. Provide qualified techmawn during course of construction.

2. Check line and grade as Work progresses.

C. Contractor shall

1. Review all initial construction staking.

2. Verify accuracy of line and grade by checking between stakes

3. Place stakes during test fill placement as needed to rumntain specified lift thickness.

4 Assure that all elements of test fil, including subgrade, working layer, and completed
lifts, slope as specified in these Specifications and on Figure 3.

5 Be responsible for protection and preservation of stakes during construction and at
completion of constniction.

6. Be responsible for removal of all stakes used for construction.

7. Arrange operations to avoid interference with documentation of find lines and
grades-

- END OF S=ON -
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SEC71ON' 06: PROTECTION OF ENVERONME2U

PART 1 GENERAL

1.01 SUNfl&A-RY

Aý Subcontractor, in executing Work, shall maintain work areas free from environmental
pollution that would be in violation of federal, state, oi local regulations.

B. Subcontractor shall maintain sediment runaff within the project boundaries. Subcon-
tractor shall take appropriate action to prevent sediment runoff beyond the designated
work areas, inio drainageways, ormto restricted area boundaries. Nosignificantworkof
this nature is anticipated.

C- Payment: Consader Woik specified in this section incidental andinclude payment as part
of lump sum price specified in Bid Schedule.

1.02 PROTECTION OF WATERWAYS

A- Observe rules and regulations of the State of Colorado and aFencies of U S. government
prohibiting pollution of any lakes, streams, rivers, or wetlands by dumping of refuse or
debris therein.

B Divert flows, including stormwater and flows created by construction activity, to sumps,
sediment traps, silt fencmg, or other controls approved by Engineer to prevent excessive
silting of waterways.

1.03 EROSION AND SEDDVEWr CONTROL

A- Apply appropriate soil conservation measures to proteat project area and ad)acent lands
Measures may include, but are not linuted to, mulchin& fabric mat, straw or hay bales,
filter barriers, and sediment traps Adjust sediment control measures in field to meet
conditions encountered.

B Provide erosion control measures before commencing work on project site as directed by
Engineer Engineer shall direct, inspect, and approve of erosion control measures before
commencirig Work.

i Maintain erosion control measures during course of construction.

2 Remove erosion control measures upon establishmeat of permanent, surface stabihza-
tion or as directed by Fuigineer.

1.o4 PROTECTION OF AIR QUA1XrY

A- Minimize air pollution by requir-mg use of properly opembng combustion emission
control devices on construction vehicles and equipment, and encouraging shutdown of
motorized equipment nol actually in use.

B Trash burning is not pe=tted on construction site.

im FUELING AND VEHIC1E/EQUIP&flWT LEAKAGE
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A- Do not fuel or perfcErm'r-antenance on equipment while within the Work area bound-
anes without the Eii?ineer's permi-smon. These activities may be perfarmed in the test fill
parking area or the designated staguig(parlang area. Fueling must be performed carefully
to prevent spillage- Spillage or leakage of fuel, oil, or vehicle flu2d must be cleaned up
immediately to the satisfaction of the Engineer.

106 NOISE CONTROL

A. Conduct operations to cause the least annoyance to personnel and wildlife m vicinity of
work, and comply with applicable local ordinances.

B. " equipment with mechanical devicas necessary and reasonable to minimize noise
and dust

C Route vehicles carrying soil or other material over those streets that will cause the least
annoyance to humans and animals, as directed by the Owner or Engineer, and do not
operate on RMA roads between hours of 7.00 pzcL and 6:00 aza-, or on Saturdays,
Sundays, or legal holidays, unless otherwise approved by Owner or Engineer.

1.07 DUST CONTROL

A. Due to proximity of pro]ect to sensitive onpost operations and habitats, take special care
-rn minimizing dust generation on temporary access roadways, Owner's exwbmg roads,
and roads used for construction operation. Subcontractor shall be responsible for the
control of dust by watering within the construction pmect area and areas ubhzed by
Subcontractor to perform the Work. Speed limits will be followed on Owner's exisfang
roads to minimize dust generation.

B Comply with local environmental regulations for dust control, and also with directons of
Engineer and Owner If Subcontractor's dust control measures are considered inadequate
by Engineer or Owner, Contractor will require Subcontractor to improve dust control
measures at no cost to Contractor.

1.08 PRO`I= ON OF WILDLIFE

A. Due to proximity of the pro)ect to sensitLve wildlife habitats, the Subcontractor shall take
special care to minimize impact to these habitats. Hauling equipment will be required to
stay on des ted traffic routes and yield right-of-way to all wildlife. Vehicles and
equipment sTaall proceed slowly when wildlife is present.

B No photography or harassment of wildlife is permitted.

END OF SECTION -
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SECnDN 07: MAIIMIAL AND EQL11PNIENT

PART i GENERAL

ixi SUMI&ARY

A. Material and equipment incorporatedinto Work shall:

I Confirm to apphcable Specifications and standarcL.

2. Comply vnth sim, make, type, and quality specified or as specifically approved by
Engineer-

B. Do not use matenal or eqLnpment for purpose other than that for whichit is designated
or speaffied.

C. Payment Consider Work specLfied in this section mcidental and include cost as part of
lump sum prices in Bid Schedule.

102 SUBST=ONS

A- Substtutons.

1. Subcontractofs requests for changes m ecpnpment irom those Tequired by Contract
Documents are considered 7requests for substitutions" and subject to Subcontractces
representations andl-eview provisions of Contract Documents when one of the follow-
mg conditions we satisfied:-

a. Where request directly related to or 'equal" clause or other Language of same
effect in Specifications.

b Where requn-ed equipment cannot be provided withm Contract Time, but not as
a result of Subcontractor's failure to pursue wcrk promptly or coordinate v ous
activities properly-

2 Subcontractces Options.

a. Compatbihty of Options. Where more than one choice available as options for
Subcontractor's selection of equapment, select option compatible with other
oqmpment and materials already selected.

b Standards, Codes, and Regulations: Where coniphance with nnposed standard,
code or regulation required, select from among products that comply with
requirements of those standards, codes, and regulations.

c. "Or Equal": For equipment specified by naming one or more equipmentmanu-
facturer and 'or equal," subcontract= shall submit request for substitution for
equipment or manufacturer not specifically named.

dý Two or More Manufacturers: For equipment specified by nam-ing several
manufacbnws, select one of manufacturers -named. Do not provide or offer to
provide unnamed manufacturer or eTnpment.
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a. Single Manufacturer- For eqmpment specified by -num-n only one manufacturer
and followed by words m&catng no substitution, there is no option.

B Conditions that are not substituftons:

1. Requxrements for substrtutions do not apply to Subcontractor options on materials
and equipment provided for in. Specafications.

2 Revisions to Contract Documents, where requested by Owner or Contractor, are
ffcha3lgeS,w not "substtutions."

3. Subcontractor's determination of and compliance with govaming regulations and
orders issued by governing authorities do not constitute substitutions or basis for
Change Orders, wccept as prcmded for in Contract Documents

1.03 TRANSPORTAnON AND HANDLING

A- Arrange deliveries of eqmpment with Engineer and in accordance with construction
schedule; coordinate to avoid conflict with Work and conditions at site.

B. Provide eqmpment and personnel to handle materials and ecpnpment by methods
recommended by manufacturer to prevent soflmg or damage to matenals or eqinpment, or
packep-ng

1. Handle material at Site, including receimng, unloading, and storage, in accordance
with Contractor's requirements and manufacturees recommendations. The Owner-
designated step% area shown on Figure 2 or the area ad)acent to the test fills shall
be used for such activities.

2 Install materials as requm-ed by Specifications.

104 STORAGF, PROTEMON, AND MAINTENANCE

A- The designated onsite storage and stagmg area is shown. on Figure 2. EqLnpment and
velucles may be stored overnight in. this fenced area with Engmeer's peraussion. No
overnight parku:Lg of personal vehicles is allowed.

B Subcontractor assumes full. responsibffity for security and/or damage due to improper
storage of materials.

C. Maintenance-

1. Repair or replace materials damaged by Subcontractor.

- END OF SEMON -
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SECTION 08. SITE PREPARATION AM3 CLOSURE

PART i GENERAL

1.0i SUMMARY

A- section includes

1. Requirements for topsoil removal and stodgdhng, and protechon of wells and
utilittes.

2. Thstallation of sediment and erosion control measures as necessary

3. Regrading and topsoil placement upon completion of work.

4. Temporary roads.

B Payment- Payment for items in this section is mcluded. under Bid Items A2, B 1, and El

1 02 DEFINMONS

A- Utihties: For purposes of this section, existing gas mayn , water main , steam lines,
electric lines and condmts, telephone and other communication. lines and conduits, sewer
pipe, cable television, other utilities, and appurt

B Topsoil. For purposes of this section, the upper 12 mches of soil available from borrow
areas to be disturbed during construction, or the uppei 4 inches of soil available from the
test fill/processing areas.

C Sediment and Erosion Control Measures: As described in Section 06 paragraph 1.03.

1.03 PROJECTISITE CO10MONS

A. Notificaton

i Owner will identify all uthtes/wells and notify Contractor, who will notify Subcon-
tractor. No ulalities are currently known to exist uithm the Work areas. Subcontrac-
tor bears sole responsibility for damage caused to any identLfied utilities or wells, or
any ass=ated damages and claims caused as a result of Subcontractor damagmg
such utilities or wells.

B. ProtectiLon:

i. Protect existing utilities against damage.

2. Locate exis'tng underground utilities by hand excal;,ation. When Work requires
Subcontractor to be near or to cross known utilities, the Subcontractor shall carefiffly
uncover, support and protect these utilities and shall not cut, damage, or otherwise
disturb them withou t prior authorization from the Emgineer.

3. If uncharted uhhties are encountered during excavation, notify Engineer and wait for
instmctions before proceedm&
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a Repair damage to utilities encountered when Work is continued without notify-
ing Engineer or his designated representative. This work shall be done at no
expense to Contractor

4. Preserve and protect groundwater monitoring wells. Damaged or destroyed monitor-
ing wells shall be replaced at Subcontractor's expense.

PART 2 ECECUnON

2 01 PERFORMANCE

A. Site Preparation:

I Establish sediment controls prior to disturbing project areas.

2. Cut or remove growth of tall weeds and grass greater than 6 inches high from areas to
be stnpped. Remove debris and boulders, within project area.

3 Strip topsoil within himts of borrow areas, processing areas, and test h1l area
Stripping shall not extend beyond limits of designated areas.

4 Maintnin bench marks, control monuments, and monitoring wells Re-estabhsh if
disturbed, damaged or destroyed. at no cost to Contractor

B Topsoil Handling-

I Stockpile topsoil in neat piles adiacent to each pro)eat area. Topsoil shall be kept
separate from other excavated materials

C Regrading

1 The borrow areas shall be regraded and smoothed out after excavation is completed.
Finished contours shall be gently sloping and blended to meet existing topography

2 The test fill and immediately surrounding area shall also be regraded and blended
with existing topography. For bidding purposes, assume 1 clay with a dozer to
regrade test fill area.

D Topsoil Placement

I Stockpiled topsoil shall be used to cover the completed test fills, processing areas,
and disturbed borrow areas upon completion of activities in these areas The topsoil
shall

a. Be placed and lightly compacted so as not to impede infiltraton and subsequent
plant growth.

b Be spread over the barraw areas upon completing placement of excess test fill
area soil and regrading.

c. Be placed to a minimum of I-foot thickness in all areas receivmg topsoil.

F- Temporary Roads:
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1. The Subcontractor shall be respansable for constructing any temporary roads that he
may require in the examtion of his Work Any ditches that are filled to prov3.de
access to barrow areas or test MI area must be cleaned out and restm-ed to arigirial
condition upon completion of Work.

- END OF SEMON -

it
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SECTION 09- EXCAVATION, STOCICýMG, AND PROCESSING

PART I GENERAL

1xi SUMMARY

A. Section includes.

1. Excavating soil from designated borrow areas and test 01 area; grading and prepara-
tLon. Of test 0 am.

2. Transparting barrow soil to processmg areas.

3. Stockpiling/spEreading soil as required to achieve adequate independent sources for
topsoil, workmg layer soil, and test fill soll.

4. Processing test fill soil as needed to reduce clod size, adjust moisture content, and
remove rocks.

B Payment- Payment for A ems in this section is included under Bid Items B2, B3, B4, C1,
and C2.

1.02 PROJECTISITE: CONDITIONS

A. Locate identified existing utilities; underground ublities shall be located by hand
excavation- No utilities are known to exist within the prqect areas

B. If uncharted utilities are encountered during excavat=4 notify Engmewand wait for
instructions before proceeding.

C- Protect support, and maintain monitaring wells, candufts, wires, pipes, or other features
and utilities that are to remain onsite in accordance with reqwements of Contractor and
Owner.

D Notify Engmeer if any umdentified wells or piezometers, patentLally hazardous matenal,
or other unexpected items are encountered during this work, and wait for instructions
before proceeding.

E- The material borrow source for each test h1l is a designated barrow area, as shown on the
Drawings, Figure 2 The Engmeer shall determine what borrow material is appropriate
for the test fills

PART 2 EXECUTION

2-01 PREPARATION

A. Contractor shall idenbfy to the Subcontractor acceptable independent
stockp2le/processing locations for topsoil, workLug layer material, and test fill material
Areas designated for processing are shown on the Dravn:ngs, Figure 3, and shall be
stripped of topsoil prior to placement of borrowed matenals
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B. Instal ýL lor to construction, silt fencing or other controls approved by Contractor in
areas rere sediment from this construction or operations may impact wetlands,
drainageways, or other sensitive areas. No or min-ansal activity of this type is anticipated
to be done by the Subcontractor

2 02 EXCAVATION, IFSI FIIýL AREA PREPARATION, AND STOCEPELING

A- Excavate approximately 500 yd' of soil from each borrow area, as directed by the
Engineer, and transport soil to processing area. Barrow soil from Barrow Area A shall be
taken from I to 4 feet in depth; borrow soil from Barrow Area B shall be taken from 4 to
7 feet in depth. Shallow soil in Borrow Area B shall be moved to the side prior to
borrowing, then replaced upon completion of borrow activities.

B. Grade the test fill area to withint 0.2 feet of the osed grades Proposed grades are
approximately 4 inches below existing grades. Su=lde shall slope at 2 percent in the
direction shown on Drawings, Figure 3. Each test fill area will be approximately 40 feet
wide by 100 feet long, as shown on the Drawings, Figure 3

C. The subgrade shall be compacted With 12 passes of a wedge-foot compactor, imparting a
maximum of 50,000 lbs of load, or to the satisfaction of the Engineer.

D The Engineer will inspect the exposed subgrade for soft areas or other poor subgrade
conditions Proofrolling is required to identify any soft areas that may require additional
excavation and backfilling. After the Engineer is satisfied with the overall condition of
the subgrade, the subgrade shall be scarified and reoompacted uniformly with a smooth-
drum roller

F- Maintain subgrade free of erosion and desiccation cracks. If necessary, rework and/or
restore to be free of erosion and desiccation cracks prior to test fill construction

F Stockpile/process earthen material per categary- topsoil, working layer soil, test fill soil, or
other if directed by Engineer.

G Stockpilelprocess for proper drainage and control sediment runoff with erosion control
measures as necessary

I-L Notify Contractor immediately if potentially hazardous conditions or materials are
encountered during construction (i e-, buned drums, etc.)

203 PROCESSING

As part of the test fill construction, the Subcontractor will be required to adjust moisture
content, reduce clod size, and remove rocks from the borrow soil prior to placement of the soil
in the test fills The Engineer will evaluate the Subcontractor's methods for.

A. Moisture Conditioning. The Subcontractor shall be required to provide 0 necessary
personnel and equipment to successfully achieve the required moisture contents as
specified. The Subcontractoi- shall be responsible far discing, aerating, t1ling, wettmg,
covering, or otherwise controlling the moisture content in the test fill materials using a
method approved by the Engineer It is anticipated that the moisture content of the soil
will need to be increased by approximately 4 to 6 percent prior to construction.
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B. Clod Reduction. The Subcontractor shall be responsible for providing the necessary
personnel and eqEnpment for reduction of clod size as n(K=sary to meet Specificaflons:
and achieve proper remolding of soil for compaction.

C Soil for the two test fffis shall be stockpiled in two separate designated areas. The
processing areas are designed to be large enough to process all test fill soil at one time
using a depth of I foot. All soil processing shall be performed in the designated pro-
cessing areas. The only exception is that addition of up to 2 percent moisture is
allowable during placement and compaabon of the test:611 This exception is intended to
be used only if the material dnes during or between placement of lifts.

D Soil shall be blended and cured for an appropriate amount of time to allow added
moisture to dis;a3bute evenly throughout processed soil. For bidding purposes, assume it
will. take an estmated 3 days to complete material processing. Additional curing t3me
beyond 3 days will. be paid at the unit rate qaoted by the Subcontractor in the Bid
Schedule. The processed soil should he kept moist during the curing process.

F- The moisture content in the processed soil immechately pnor to test fill construction shall
be no lower than 0.5 percent above the low end of the target moisture content range, and
no higher than.1 percent above the high end of the target moisture content range.

F Processing of soil shaE be done using an approximate soil thickness of 1 foot.

- END OF SEMON -
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SECnON 10 WORKING LAYER

PARTI GENERAL

1.01 SUMMARY

A. Sect:ion includes

:L Wetting of subgrade prior to workmg layer placemert.

2. Placement of clay worlang layer to obtain the desired test fffi subbase characteristics
and elevations.

3 RequLrements of completed workmg layer grades, prior to test fill placement.

B Subcontractor will provide all equipment, labor and sapphes required to perform the
work in acccrdance with the contract.

C Cont-dacr will provide visual inspection and construction testing.

D. Payment. Payment f6ritems m this section is included under Bid Item Di

102 REFERENCES

A- American Society for Testing and Materials (ASTM)

1 ASTM D422-63. Standard Test Method for Particle-sm Analysis of Soil

2. ASTM D2487-92: Standard Oassification of Soil for Engineering Purposes (Unified
Soil Classification System JUSCS]).

3 ASTM D2922-91: Standard Test Methods for Density of Soil and Soil-Aggregate in-
Place by Nuclear Methods (Shallow Depth)

4. ASTM D3017-88. Standard Test Method for Water Content of Soil and Rock in-Place
by Nuclear Methods (Shallow Depth)

5 ASTM D4318-84: Standard Test Method for laquid I amit, Plastic Limit, and Plasticity
Index of Soil.

B Section 11, 2.01A.

PART 2 PRODUCTS

2.01 WORKING LAYER

A- Onsite cohesive soil to be used for the workmg layer shall be substantially free of
o nics; and other deleterious materials, and shall be approved by the Engineer OnsiteCTesve soilis anticipated to typically consist of CL and SC soil per USCS

B Subcontractor shall modify worlcmg layer material (if required) to assure it meets
Specification requirements. Modifications include but are not limited to, the following:
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1. Removal of rocks greater than 6 inches in any dimensicaL

2. Removal of deleterious or unsuitable materials such as large roots, organic soil, and
as otherwise determined unsuitable by the Engineer.

PART 3 EXECLMON

3.01 KACEV=

A. Immediately prior to placement of working layer, the subgrade shall be gently wetted by
sprinkling or spraying until the soil moisture reaches a depth of at least I foot

B Place worlang layer in accordance with the following-

1. Appmmniate loose lift thickness: 9 inches.

2. Soil compaction: Density not specified, as required to achieve 6-inch compacted lift
thickness.

C Control lift thickness using laser-guided equipment, construction staking, manual
measurement, or other method acceptable to the Fmgmeer to assure Specification require-
ments are met

D Care must be used in placing the working layer over the prepared subgrade to avoid
excessive tearing-up of the subgrade. A TniniTnum of 6 inches of soil shall be maintained
between the eqinpment and the subgrade.

F- Contractor shall examine surfaces to receive test Ell material to determine existence of
any unsuitable materials, including materials sigaificantly above or below optimum
moisture content. Suitable moisture content shall be obtained prior to placement of the
test fdl The working layer surface shall be roughened prior to placement of first test fin
lift.

END OF SE=ON -
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S "EMON 11: CLAY TEST FILL

PARTI GENERAL

i.ol SUMMARY

A, Section mdudes-

i. Requirements for placement and compaction of clay test fill, and test fill
-mamtenance.

2. Completion of test fill with testing assistance.

B The Subcontractor will provide all equipment, labor, and supplies required to perform
the Work in accordance with the Drawings and Specifications.

C. The Contractor will provide testing during construction

D Unsuitable materialsinclude topsoil, peat, roots, orgamc- soils, and matmals containing
slag, cmders, foundry sand, debris, rubble or frozen soils, and material not meeting
requirements Of SPOMfIcations.

E. Payment. Payment for items in this section is included under Bid Items D2 and E2.

1.02 REF ?ENCES

A. American Society for Testing and Materials (ASTM): (Testing to be performed by the
Engineer)

I ASTM D422-63. Standard Test Method for Particle-size Analysis of SoLL

2 ASTM D1140-54. Standard Test Method for Amount of Material in Soils Finer than
the No 200 (75 Micrometer) Sieve.

3 ASTM D2216-90. Standard Test Method for Moisture Content Determination Using
Oven-Drying Method.

4 ASTM D2850-87. Standard Test Method for Unconsolidated, Undramed Compressive
Strength of Cohesive Soils in Thaxial Complession.

5 ASTM D4767-88- Standard Test Method for Direct:35hear Test of Soils Under
Consolidated Undramed Conditions.

6 ASTM D5084-90. Standard Test Method for Measurement of Hydraulic Conductivity
of Saturated Porous Materials Using a Flexible Wall Permeameter.

7. ASTM D2487-92. Standard Classification of So3l for Engineering Purposes (Un3fied
Soil Classification System).

8. ASTM D2922-91. Standard Test Methods for Density of Soil and Soil-Aggregate in-
Place by Nuclear Methods (Shallow Depth).
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9. ASTM D3017-88 Standard Test Method for Water Content of Soil and Rock iii-Place
by Nuclear Methods (Shallow Depth).

10.ASrMD4318-B4 Standard Test Method for laquid. Limit, Plastic Limit, and Plasticity
Index of Soil

B The frequency, diiration, and schedule for soil testing to be conducted by the Engineer
during and after construction is included as Table 1.

1.03 PROJECT/SrM CONDMONS

A- Do not block or obstruct roads with equipment or excavated materials Maintain soil
stodqmles -Aatb3n authonzed weas

B. Construction traffic shaU yield right-of-way to other onpost vehides and all vnldh:f6

C. Schedule work in coordinated effort with Fngmeer and, Owner.

D. Contractor and Subcontractor will nobfy each other immediately if delays are anticipated
for any reason.

F- All placement and compaction of test fill. soil shall be performed only when the Engineer
or his representative is on the project site and is informed by the Contractor of intent to
perform such work.

PART2 PRODUCTS

2 01 SOURCE OF TEST FILL AND WORKNG LAYER MATERLAL

A- Subcontractor shall obtain clay test fill and working layer material from the designated
borrow areas; the Engineer shall observe and approve these materials prior to transport
Test fill and working layer material onsite has been classified by the Engineer based on
soil borings as typically CL, CH, and SC soil usmg the Umfied Soil Classification System
(USCS)

B Upon request, Subcontractor may obtain copies of pertinent boring logs and material
testing results at the Contractor's offices

2 02 TEST FHL MATERIAL

A- Material - (Selected by the Engineer)

I Soil dassified as SC, CL, or CH by USCS.

2 Permeability- I x 10' am/sec or less by ASTM 5084-90.

3 May contain no more than a neghgLble amount of organic or other deleterious
materials

4 May contain no more than 5 Pei-cent gypsum or calcium carbonate, and all gypsum
concretions and nodules shall be less than 1 inch in largest diameter.
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B. Subcontractor shall modify clay test EM matenal to asaire it meets Specification
requirements. Modifications may include, but are not limited to the following.

i. EnninatLon of soil clods greater than 3 inches in diameter.

2. Removal of rocks larger than 3 inches in any ellirneiision, for all lifts below final lift
layer Removal of rocks larger than linch in any dimension within. the final lift.

3 Wetting or drying of liner soil to meet moisbire recItnrements

4 Removal of deleterious soil and material not conforming to test fill quality clay
requirements

PART 3 EXECUTION

3.01 SUBBASE (WORIUNG LAYER) EXAMIMA-nON

A- Contractor shall examine surfaces to receive test fill mat erial to determine existence of
any unsuitable materials, including materials significanfly above or below optimum
moisture content. suitable moisture content shall be obtained prior to placement of the
test fM. The working layer surface shall be roughened prior to placement of hrst test fill
lift.

B Unsuitable areas of the working layer shall be corrected prior to clay liner placement.
Corrective action may require, but is not limited to: weftmg subgrade, drying subgrade
by disc harrow, drag harrow, or other means; roughening working layer to promote lift
bonding, reworking and 3 ecompacting working layer, and removal and replacement of
working layer soils.

C. The Subcontractor will be responsible for all costs assomated with corrective actions
taken to amend the working layer in preparation for test fill placement, at no additional
cost to Contractor

D Do not place test fill until working layer has been surveyed, and approved by the
Engineer

3.02 PLACEMENT OF TEST FfLL

A- Construction of the actual test fill shall begin following placement of the working layer,
and after completion of processing and moisture conditioning of the test fill soil. Place
clay test fill in aocordance with the following:

-1 Maximum Loose Iaft Thickness. 9 in., includes scarified or roughened depth of
previous hfL

2 Maximum Compacted Lift Thiclaiess 6 in- or depth of foot or tooth on compactor
used, whicheveris less.

3 Minimum Completed Test Fill Thickness 3 0 ft-

4 Maximum Allowable Variation from Design Thickness of Test FLU: 0 ft. to + 0.2 ft.
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5. Maximum Rock Sim 3 inches in all lifts below final lift. One inch in final lift
surface within area designated for Sealed Double-Ring Infiltrometer (SDRI) test

6. Maximum Soil Clod Sim Prior to Compaction: 3 in-, or half the lift thickness,
whichever is less.

7 Allowable Soil Moisture Content Range- +1 percent to + 4 percent wet of optimum,
or as directed by the Engineer.

8 Minimum Soil Compaction. 95 percent of maximum dry de=ty as determined by
the Standard Proctor ASTM D698-78.

9. Sideslopes shall be 2H:rV maximum and 3H:IV Minimum on the long sides of the test
fills. Sideslopes shall be 3H:IV maximum and 4H:rV Tarn-imum on the ends of the
test fills

B. Material distribution and gradation throughout clay test fill shall be such that material
reTn.q-,-n free from lenses, pockets, streaks, or sections of material differing substantially in
texture or gradation. from designated test fill material for which prior source testing has
been performed-

C Scal clods larger than specified maximum in any direction shall be broken down to sLw
less than or equal to 3 mches prior to lift compaction.

D Place lifts of clay to farm one continuous monohthic layer of material. Assure previous
lift is moist and scarify surface of previously placed lifts with disc or other piece of
machinery capable of penetrating into previous lift to minimum I in. depth to provide
proper bonding between subsequent lifts of clay test fill.

F- Bonding successive lifts together shall be accomplished by penetration of the compactor
feet or pads through the top lift and into the immediately underlying lift. Compactor feet
shall be at least as long as the compacted lift thickness

F Compaction shall be achieved using sheepsfoot roller or similar heavy penetrating foot
kneading-type compactors (eg., CAT 825). Footed rollers towed behind a dozer shall be
filled with water to assure sufficient compactive. effort is exerted. to test fill

G The appropriate number of passes shall be determined by perfcrmmg density testing
during placement and compaction of the lifts.

For the first three lifts, each test fill will be tested by the Engineer for moisture content
and density in three locations after the lift has been compacted with each set of
two passes of the compactor until at least 95 percent of Standard Proctor compaction has
been achieved. The fourth, fifth, and smth lifts of each test fill shall be compacted using
the appropriate number of passes required to achieve a dry density at least 95 ýý
Standard Proctor compaction (determined by the testing from the first three lifts)

Fmal density and moisture content will be venfied for each of the top three lifts after the
prescribed number of passes has been performed.

A visual lift bonding check using a hand shovel will be performed after each hft.
Following completion of the test U, a backhoe or excavator bucket will be used to check
hft bonding of the entire test fill thickness Additionally, three laboratory permeability
test samples will be obtained by the Engineer from each test fill after they are completed
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For the purposes of these Specifications, a compaction pass is defined as one trip of a
single-drum. compactor -up and back over the complete length of the test fill. If a dual-
drum compactor without laterally separated front and rear dnims is used, one trip up and
back over the test fill would constitute two passes. If a dual-dmm compactor that has the
drums laterally separated by the operatces, cab and &fferential (such as a CAT 825) is
used, one tap up and a staggered trip back to cover the central portion of the roller path
shall be considered one pass

H. Uniformly distribute moisture content of clay material prior to and during compaction
tbroughout each lift of material. Clay material dete--m3ned by Engineer to contain
moisture outside specified range shall be adjusted by;Subcontractor to provide material
within spembed range. Adjustment: includes, but is not linuted to, drying materials
containing moisture in excess of specified range and adding water to materials containing
moisture less than spemfied range. No more than 2 percent moisture may be added to
the test fill. during construction. If the moisture content is less than or equal to 2 percent
below the low end of the target moisture content range, the select fill may be sprinkled or
sprayed with water ana dozed, windrowed, and/or disced. to un3formly increase the
moLsture content If the moisbnv content is greater than 2 percent below the target
moisture content, the test fill soil shall be removed from the test fLU, returned to the
stockpile, and conditioned until the proper uniform moisture content is achieved. If the
moisture content is greater than i percent above the target in=tire content, the test fill
soil shall be dozed, windrowed, and/or disced to facilitate drying.

I Maintain moisture content of clay test fill materials in previously placed lifts within
specified range- Avoid dirying and desiccation cracking of materials. Maintenance
includes, but is not limited to, wettmg surface of prewously placed lifts to avoid drying
and desiccation cracking of material. Prior to placement and compaction of subsequent
lifts of clay material, Engineer- will verify that moisture content of scarified material of
previously placed lift is within specified limits. Materials determined to possess moisture
content outside specifiedli-it shall be adjusted and rechecked before subsequent lift
placed.

J Control lift thickness using construction staking, or other method approved prior to
construction by the Engineer to assure that requrrements of Spemfications are met. If
grade stakes are utilized by the Subcontractor, Subcontractor should emphasim the
removal of damaged stakes to work crew during daily assignments.

K Minimum clay layer thickness will be verified and documented by Contractor. Rework or
remove and replace pomons of test fill not meeting Specification requirements

I- Final test fill surfam shall slope at approximately 2 percent in the direction shown on the
Drawings, Figure 3.

1vt Iaft bonding will be visually verified by excavating small test pits per the testing
schediAe.

* Field density and moisture content results from compaction tests shall be checked against
compaction Specifications Recompact or rework and tetest soil that fails field testing
during construction acbvity Subcontractor shall recompact or rework soil area following
a failed test to boundanes of passing test results, at no additLonal. cost to Contractor.

* Precautions to minum b. damage to clay test fill due to ra:infall shall be taken prior to
anticipated rainfall events. Precautions include, but ai e not linuted to, grading surface to
promote runoff, back-blading with dozer, sealing surface with smooth drum roller or
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other means. Precautions shall be augmented byXlaamg punip(s) fn the amp or other
arm(s) likely to collect water,:Lf necessary. Prom e, maintain. and operate pumps;
coordinate access to site with Contractor or Owner.

P After test fill or a portion thereof is complete, continue to maintain clay surface in moist
condition, free of desiccation cracks. Subcontractor shall remove desiccation cracks by
scanfylug, wetting, and smooth-drimirolling test fi1l surface, or other method approved
by Engineer-

Q. Repair of Penetrations: Repair of small diameter penetrations, such as those caused when
taking Shelby tube samples, shall be repaired to the satisfaction of the Engmeer.

R. Maintain surfictal moisture content during construction by sprinkling water onto clay
niatenals daily, or more often during hot, dry or windy conditions. Completed lifts that
are left unprotected and not sprinkled for sevaral hours or overnight must be scanfied
and brought to proper moisture content prior to placement of additional lifts

S. All test fill surfaces, with extra attention to areas on which SDRI test apparatus :is to be
placed, shall he smooth-drum rolled upon completion of clay placement to create surface
free of irregulantLes, protrumons, loose soil, and abrupt changes in grade.

T. From completed test fill areas designated for SDRI, remove stones and soil clods Vreater
than I inch in any dimension. bones, and other debris. Restore smooth surface Aer --
removal- Embedded, non-protruduag smooth rocks may remain in place if approved by
the Engineer Engineer must approve of final test 0 surface prior to find payment of
Subcontractor.

* Place plastic sheeting or other similar material over completed areas designated for SDRI
testing. Method of keeping plastic in place shall be approved by the Engineer.

* After test fill completion, topsoil from the ad)acent stockpile shall be placed over the test
BE, except SDRI areas, to prevent desiccation. (see Section 08)

3 03 F= QUALITY CONTROL

A. Notify Engineer when partions of the test fill are ready far testing.

B Provide Contractor with equipment, time, and labor necessary to support the Engineer in
the completion of field testing. (Examples. blading off area for pushing Shelby tubes or
nuclear gauge testing.)

C- After the test fill work has been completed, SDRI tests will be conducted by the Engineer
on the surface of each test fill- The Subcontractor shall provide an equipment operator to
assist the Engineer in the installation of the SDRI apparatus. It is anticipated that
30 hours of time for the operator will be required.

D Equipment to be provided by Subcontractor for -installation of the SDRIs mcludes:

" Trencher (Ditch Witch Model 1010 or other machine capable of making a trench no
more than 4 to 6 inches wide)

" Grout mixer (not cement mixer)

" Water track

21W7,703= - Spem
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" Generator

" Small dozer or loader

Th3.s eqmpment will. only be requn-ed for tbree clays aflum c=pletLon of test f3ll

- END OF SEMON -

21907,703M - Specs
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S=ON 12 SEEDING AND MULMING

PART I GENERAL

1.01 SUhDAARY

A. Section includes:

I. Seeding1mulchmg; requirements for completed test fill and processnig areas.

2. Seed3ngfmulcbmgrequiTementsicrbcerowm-eas.

B. Payment: Payment for items in this sectionis mcluded under Bid Item E3.

PART 2 PRODUCrS

2 01 MULCH

A- Native grass hay mulch will be provided by Owner. This grass hay mulch is onpost in
the southeast portion of SectLon 29 (See Figure 2 kr1ocation).

2.02 SEED

A. Seed shall be provided by Subcontractor to meet the requirements listed in Tables 2 and
3. If Subcontractor has difficulty in obtaming the specafied seed mixture, please contact
the Engineer or Bruce Hastnigs; of the US Fish and Wildlife Seimce for assistance (303)
289-0232.

2 03 FERTILIMR

A. No fertilizer is required for thas pro)ect.

PART 3 EXECUIION

3 01 PREPARATION

A- Topsoil Gradmg-

I Grade, rake, and roll with roller weighing not more than 100 Ibs. per linear foot and
not less than 25 Ibs- per linear foot

3 02 SEEDING

A- Sow seed at rates as described in Tables 2 and 3, dividing seed equally and sowing at
90 degree angles to produce unifarin broadcast-

B Rake seed into ground and roll with roller, or use other technique approved by the
Engineer

C I)o not seed on surface wlnch bas been compacted by i-am

21907,703030 - Spe=
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D. Do not seed when wind velocity exceeds 6 mph.

3.03 bf LILCHING

A. Mulch shall be applied immediately after seeding.

B Place mulch at a rate of 2 tons/acre.

C Mulch shall be crimped immediately after application to prevent blowmg away.

D. Place mulch loose or open enough to allow some sunlight to penetrate and air to

circulate, but thick enough to shade ground, conserv soil moisture, and mmunize ero-
sion.

END OF SECnON -

21W7,703%= - Spem
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Table 1. Test Fill Testing Program (Per Test Fill)

Frequency
Test Method Stockpile During Construction Post-Construction

Moisture Content Oven drying ASTM D2216-90 3 initial; as needed during 3 per lift (18 total)
processing (approx 12); 3
final, estimate 18 Total

Moisture Content Nuclear gauge ASTM D3017 3 per each 2 passes per lift
for first three lifts; 3 per lift
for lifts 4, 5, 6;
estimate 45 total

Attorberg Limits Grab sample ASTM D4318-84 3 ... ...

Grain Size (Incl. Sieve and Hydrometer 3 ... ...
clay content) analysis ASTM D422-63

3

Optimum Moisture Standard Proctor test (grab 3
Content and Max samples) ASTM D690-70
Dry Density

In-place Density Nuclear gauge ASTM D2922 ... 3 per each 2 passes per lift ...
compaction) for first three lifts; 3 per lift

for lifts 4, 5, 6; estimate 45
total

Lift Thickness Manual ... 25-ft intervals down center-
(10080) line of test fill

Lift Thickness Manual ... 25-ft intervals down center-
(compacted) line of test fill

21907 703030 102
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Table i (continued)

Frequency
Test Mothod Stockpile During Construction Post-Construction

Final Test Fill Survey --- ... 3Thickness

Lift Bonding Visual: Test Pits ... 2 per lift (Manual) 3 (Backhoo)

Laboratory Shelby tubes, Flexible Wall --- --- 3Permeability Permeameter (falling-head
test) ASTM D5004-90

Field Permeability Soaled double-ring Infiltro- --- ... I(large-scale) motor (SDRI)

Field Permeability 2-stago borehole (Boutwell) --- ... 5
(small-scale)

Shear Strength Consolidated undrained 2ASTM D4767-08

Shear Strength Unconsolidated undrained --- 2
ASTM D2850-87

Not performed

21007 703030 
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Table 2. Seed Ubdure for Bonew Areas

Lbs PIS/
Scientific Name Common Name Variety Acre

Seed Mix for Native Grass Species
Boateloua gramhs Blue Grama Hacluta 0.9
Pascopyron snnthn Western Wheatgrass Amba 6.5
Buchloe dactyloides Bufhlo Grass sharp Ps 12.9

Total 20.2

Native Forbs or Semi-shrubs (AIL OA lbs. PLS/acre)
Fxysimum asperum WalMawer
GaflIarcha arisLata Blanket Flower
Panstemon angustafoha Narrow-leaf Penstemon.
Tanurn lewisu Blue Flax
Helianthus annuus Annual Sunflower
Achillea lanulosa YMTOW
Arstenusia ludov3ciamy Ioms2ana Sagewort
Sphaeralcea cocmnea Scarlet Globemallow
Artennsia ffigida Frmged Sage
Dalea purpurea Purple Prame-dover
Oenothera caespitosa WInte Tufted Evenmg

Pnmrose

Native Shrubs and Trees (Both 0.1 Ibs PlS/Acre)
Ceratoides lanata Winterfat
Atriplex canescens Fourwmg Salthush

PLS Pare hve seed

21907 703030
0506021095 M-L



Table 3. Seed Mbdure for Test Fill and Processing Area

US PLS/
Scientific Name Common Name Variety Acre

Seed Mix fbr Native Grass Species
Bouteloua gracilis Blue Grama. Haduta 1.1
Calamovilfa longifolia. Prame Sandreed Goshen 0.4
Bouteloaa aartipendula. Side-oats Grama Vaughn 0.6
Sporobolus cryptandras Sand Dropseed 0.1
Sbpa. comata Needle-and-thread 1.9
Andropogon halln Sand Bluestem. Woodward 1.0
Pascopyron smithn Western Wheatgrass Amba. 5.0
OrYZDPS]Ls hymenoides; Indian Ricegrass Nezpar 0-8

Total 10.9

Native Forms or Semi-shrubs (Wildflowers) (All 0.1 lbs PLS/acre)
Cleome, serrulata. Rocky Mauntain. Bee Plant
Delplimum vn-escens Larkspur
Iaatns punctata Blazing-star
Oenothera. caespitosa. Stemless Evenmg-pnmrose
09nathera. vilLosa Tall Evening-primrose,
Ipomoea leptophylla Bush Morning Glory
Gaillardia aristata Blanket Flower
Penstenion angustifolia. Narrow-leaf Penstemon
Tanji-m lewmi Blue Flax
Hehanthus annuus Annual Sunflower
Achillea lanulosa Yarrow
Artemisia. ludovic3nns Louisiana Sagewort
Coreopsis tinctoria Plain Coreopsis
Sphaeralcea cocmnea Scarlet Globemallow
Artemi ia ffipda Fringed Sage
Abronia. fragrans Sand Verbena.

Native Shrubs and Trees (All 0.1 lbs PLS/Acre)
Chrysothamnus nauseosus Rubber Rabbithrush
Atnplex canescens Fourwing Salthush
Artemisia filifolia Sand Sagebnish

PLS Pure live seed

21907 703030
ID5D6021095 M-L
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Appendix 8

TESTFILL CONSTRUCTION PHOTOGRAPHS
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M

CA

A Excavation of Borrow Pit A in Section 24 B Hay mulching excavation pit after replacing topsoil and reseeding

1 ̀7 ..........

WOW=

MEOW
C Stripping and stockpiling topsoil in test fill construction area D Scarifying test fill subgrade after wetting and compacting native sandy soil

Prepared for Figure B-1 (1 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construcbon

Commerce City, Colorado

Prepared b
HarLg Lawson Associates
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I-W

F Pulvamixer used to reduce clod size, moisture condition, and blend soil

E Soil processing using a tiller

G Scarffying the surface of a Ifft with the dozer tracks

Prepared for Figure B-1 (2 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construcbon

Gommerce City, Colorado

Prepared b
HarLg Lawson Associates



VA

H Spreading a loose lift on the surface of the test fill with a dozer blade at I Blend4moisture conditioning by adding water directly to drum of

a thickness of 8 - 9 inches pulvamixer

J Compaction of the loose lift with the
Caterpillar 815C compactor

Prepared for Figure B-1 (3 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construction

Commerce City, Colorado

Prepared b
HarLg Lawson Associates
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33

---------- ----- --- ____
N
_ct

K. Smooth drum rolling test fill surface L Ta coveringtest till lift to prevent dessiGation

M To prevent desiccation of the test fill, the
surface was wetted and topsoil was
spread on the test pad except in the
12 x 12 foot area sealed with a tarp for
solid double-ring infiltrometer installation

Prepared for Figure B-1 (4 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Constructon

Commerce City, Colorado

Prepared b
HarTing Lawson Assoclates
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PE/1111a 
:

N Applying grout to the inner SDRI ring installation 0 Measunng the distance between the inner ring and the swell measurement
guides

it

A,
P Completed test fill with sealed

doubie-nng infiltrometer and two-stage

Prepared for Figure B-1 (5 of 5) borehole installation

Program Manager for
Rocky Mountain Arsenal Photo Documentaton of Test Fill Constructon
CommerGe City, Colorado

Prepared b
HarLg Lawson Associates
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Soll Compsolors Speclilcalbns Compactlon Fundamentals I Soil Compactors

.ka I jam I,
MCMEL RM 4 4414 4 COMPACTION FUNDAMENTALS 8xperlance has shown that It IS very difficult, If

stag 8250 not Impossible, to achieve p-oper compaction In
FtrA+.4W Po*w lot kw III hp 215 kY 315 his The following dlowsolon applies to 9*11 comWilan materials that are too dry or too wet Soil exWts
opof 40" W*4)ht 20 015 he 44 IM 11, 32 #DO%@ 71 ads lb only Por inforritntion on refuen compaction Ron litivo dotairmined that in practically every soil thoro
Engine Model 33*6 3409 Waste Disposal - Section 23 of this book Is an amount orwater, called optimum molitture con
n*f*d Ergloo PPM 2200 2100 Defl"Iflon lent, at which It Is possible to obtain inaximam don
No I y4ndeta I I C in le Ila Is the procasA Of physlealli, densifyi ally wif h a given amount or ýompactlvo effort The
DIsplactinomil 101 L 436 In, 14 a 1. 893 In, or tL _11 1$9 curvabelow allows this rein' lonshIp botween dry don
spe d4s . ght p .It voin resulting In an Increase In sity slid moisture content It Is called a compaction

Fonvaid 4 4 mix It Is g3norelily accopted that cdrvc moisture density curve or Procf or curve
never" 4 4 the strength orn soil can be Increased by deriniflea

Tutsvine Circle with alodle 1103M 463- 14 1 M 444 tion Three important factors street compaction
Fuel Tank new Caps,'"Y 462 L III U I It, 1149 L 181 U It f-1 - Material glaciation
TAMP*00 FOOT WHEELS - Moisture content MOJSTURE CONTENTEsA Orw" WOO 974 Mae Prior 31 - Compactive effort

blow4lows am feel 142 w do m so- Material Gradation - refers to the distribution
am drufn 103 M 345 Is Fn 43 by weight) of the different sizes of particle@ within ----------

I" per wftw 0 a given soil sample. A sample Is described as well
Fool Per now to graded if It contains a good, even distribution otpor I MaxImum
Nows of Feel I ticis sites. Ir a soil sample to composed of Density
Fool L"N I0 mm so life Mat predominantly one size particle, It Is cold to be
End Area Pat Fead f3s cm, 21 in, 163 eff? 4 In, poorly graded In terms orgoanvaction, a well graded
WAM of Two Page CaPtsisp 4 35 Po 1#3 41$ m ISO- loll will compact am oully then one that Is poorly

GeNERAL DIMENBMS graded In well graded Material the smaller partl
Holido Imp at "at 363 M 391 at 12 to" etas tend to nil the empty spaces between the larger
HoroM Isidp"d totri 231 Fn I Is" 2 " in particlps, leaving flawer voids after compaction Optimum
Wheat Bags 3 35 1" Ito 3 63 rh Moisture
Ovelsig L"h "h Dotat $ 10 ni 224 T go rn 2# 2 MATERIAL GRADATION
Wkft over Dfunts 3 P4 m 10 1" 3 Is'" 11 11around ClottignCir miam 734 mm 9 2" Moisture Content I-

SYRA)MY RIX[ 0DZEA
V&" 3 76 1" 12 4 63 m 14 lo-
"11411111 160 FA fl*, 1 104 m 3 1"
OWA" WIIIN M0446S c"M h**041 buNdou howks POPS co-W M k* W* ameo..* Compadire Effort - rerm to the method omplq'Haili'd ("A*" 09 - -OWA MOPS 1ARVA soil bn% at aker om4y wma"d oftwwl /ad
w4h corawmi No $I W% ""ka"A W449 by a compactor to import energy Into the soil to

Poorly lifaclod Well graded achieve compact Ion Compactors are designed to use
one or a combi notion of the lot lowing types or cam

Moisture Content - or the amount or water pres pactive effort
ont, In a evil, Is voy ImMtorit to compaction Water - Static weight (or padsurs)
lohricaws soil parillelos #hus helping them slide Into - Kneading action (or manipulation)
the most donee position Water also or*ates clay par - Impact (or sharp blow)
ticle bonding, giving cohesive materials their sticky - Vibration (or shaking)
quolitles.



SON cmipwtocis I Types and Appkalitorts Estne"ItV Production Solil Compactors
a Example Problem

COMPACT04 TYPES Coinbinations of the" t pas are also available, COMPACTOft PF10DOUCTION EngNah Method

Compaction equipment ran be gmupod generally such as a vilorati"jif ormootý steel drum W x 8 x 1, x 16 3
Into nine cilifferent types or climialfications For am of comptitlem, the first eight types of rm Compactor production Is expressed In covimpactsil CCY/Hr -

(1) shooporbot pactors hAvo boom placed on the Zorien of Applies cubic meters Mn%3) or c=q*ded cubic yards (GCY) P

(2) grid or mesh tion ChArl nhown below 71ils chart contains a range per hour Mo4prial In its natural or bank state Is W - Compacted width par pass, in feet (Fbr

(3) vibratory ofmatorlol molaturcit from 100%clay to loossand, tnesirmsil In bank cubic meters or y*-ds (Bra- oý Caterpillar Compactors It It recom
(4) smooth itteal drum pli-a n rock zone Bach type han boon pWtl OCY) When K is removed or pinced In a fill, It Is mended that W - Twice the width o(oneaned In otear-red In lose cubic motors or yords (Lm' at
(6) multi tired riicumatk wbat Is towld*Tod. to he its mot Wectlys and co wheal

(0) heavy pneurraLic nautical zone of application However, it Is enot 111CY) 8 - Average speed, In miles For hour

(7) [owed tamping root uncommon to find them working out ortheIr zones. When the looso material Is worked into a com L - Compacted thickness or in, in Inches.

(5) high speed tarnpliniq foot Exact positioning of the zones can vary with differ pactedstorts, the relationihipofco-"pacled)nateriaI 18 3 - Conversion constant, equals 5290 foot +

(9) chopliv wheels (oss LandifIll Compactor see lon) Ing material conditions to bank material Is shown as the shrinkage factor 12 Inches + 27 cubic feet
(81F) P - Number of machine patient to a-hieve

COMPACTOR ZONES OF APPLICATION COMPACTtVS METHOD SP . Compacted cubic meters (Cm') compaction (can otdv be determined
by tostInig the density of the oorn

Bank cubic Motors (BM3) pacted material on the job)
om 100% Compacted cable yards (CCY)
CLAY SILT SMf) ROCK 8F -

I Bank cubic yards MCY) Exantpit problem (Metric)
a EF FOOT- Stalle Waighl, KnoticlIng 7U construction Industry has developed the foll

.40MD* lowing fb-nvulia for use In estimating compador D*terndno production for an 8151) operating under

ATORYP. 81aft WaIgM KneadkV P" cl,lom This fbrmula gives the volume of mats. the following conditions
.*M - -- - Bloft We". VkHollon trial which a given machine can compa.-t In a P - 5, 8 - 10 km1h, L - 100 mm

_8000'rif STEkL 0RUM8_ WOW 60 minute hNir Reflor to 8158 In the production table on the next
.41AULTI TIRED PNEUMATIC - -------- -_ SWc Weight Kneaft Metric Method page. Read down the firalcollimn until rosching me

1-19AVY PkENAPC - .......... 3. ]txsxb 11-101"' 0 Within this section In the somd... Stale VV*hi Knescilog Cm I.M., flprtza speed closest to 10 kmlh Itead
VIBRATORY P acro" thin line to the 100 mm compected Ilft ReadTAMPrh Q P007 W - Compacted width par pea% In meters the produel3n figure givem

-.TOWED TAMPNa FOOT. ----------- - 6:1911c MIUM Kneading (For Caterpillar Cowpactora It Is recom Answeri 377 Cm1h (Since the inachloo's speed or
HfaH SPEED TAMPM#4a FC00r mended that W - Twice the width of one 10 km/h 14 slightly fintler 0on the 0 6 of the table,
CATEAMILLAn -CAT11110PILLAn ------ Slaft W449M Kriebtling, Impact, Vftwa%n wheal ) PTodkiCtIon mftY be Interpolated slightly higher - say

TAMPNO FOOT TAMPNO FOar 8 - Average speed, In kllom4tas per hour M Cm3th
.4 ------ Sisk We", Knoadinfi Impact, Wallon L - Compacted thickness or Urt. in mil

litnetars.
P - Number of machine peones to *:hievs

compaction loan only be determined
by testing the density or the corn
pooled material o" th*4obý



Soll Compactom I Productlon Table

twins the Arrmula ild"sad on this page.'Me fl"s

= ant 100% iiftfinq W=7w" flul width of one

lWarmine proditetion for nit R26C Wrtitinit un4ler In the 826 portion ofthis Inble, rand down the first
the following conditlons coluron until reaching the soctlow, for four passes.

1, .. 4,8 R mith 1, - 6 luchoo Within thin pecilon fit tho sorond eniturn, find the

Itafor to Out productitm cuthnaling Wile below lInofor8mph Road acrom thim line to Ow lift thick

I hie table mntairm estimates for tho 816D end MC nets column for 6 inches Road the production ng

Comp#tetors uxing various speeds lift thirknosses ure given

:nd number ofpsues. Those figures were calculated Answori 1444 CCYMr

RODUCTION TA13LE

MODIL AND AV9RAQ# COMPACTIM LIFT THICKNESS

MAC)UNI SPEED lot M"i 4 In 160 Min 6 In 200 MR I in Is* MM to In
PAGOES' kwA rnph m% yd-ft M% VOW M% yd1tv

3 Go 4 419 841 612 437 109
Is 4 424 822 fit 11232 1254 1943

130 8 937 less im 1443 IsM list

4 *14
:11 411 :211

14 70 4
130 6 1111 822 142 1233 12" 11110 -

I Is 4 t6l 321 37? 413 $02 fly -

is a 57? 413 us 739 7154 111141 -

130 6 1102 657 M sea Mos 13114 -

8 Is 4 to 174 314 411 419 541 -

Is 6 3f4 411 411 Its 6211 $22 -

130 8 4% 146 oil 021 IV to"

a-25C a 460 73: 1412 015 12 3 1219 1904
as It 713 11 .04 26 1#25 1781 1140111

.76 .93 Ms 460 2066 243Y WM

4 as 4 3" 441 634 712 731 "2 914 1203
to 6 L14 722 &D2 1043 loss 1444 1331 IS"

130 4 731 1142 10*? 0444 1493 10219 1929 2404

6 It 4 M 365 432 671 5116 714 731 fit
9 4" Ill? 641 "4 M If" 100 1444

13: 6" ?P) 178 1195 1170 1840 1463 1125

1 0 144 3111 M 491 44 042 on 02

: : 3" 41 534 722 7143 to %%1 1203
130 8 1 4H dW2 1 131 "2 , M 1203 11119 104

Tho rmf" of Mkwý 04"fl 1"Uk" M 4"&N%M M 'a 1"0 ýW.. '046M 4.*.d C-4ý01M ý4 ýM"

a



Road Reclelmer/Saill StabIftef I Foolutros SPSCHICattorts I Road Reclalmer/Scil Stabifizer

FIR 260 Pastures.
The RR 260 Is a heavy duty single rft*r cold In 0 Full 24JS Men (8 To wide cutting drum delivers P40DIEL. nn 230 88250

place roclal-ning mAchino thot utlilzaa a culting 111AXINIUM production FyMwol P"w 250 kW 335 hp M kW 335 hPMandrel that pulverl7sm and mixes sapholtic pave 0,P11481^1111 We" I 1053 Its 39 NO lb 13 617 kq 29 309 PbMont and base materials llie machine fit utilized 0 lArge hood and adjustable rear door enable Erickle Model 34449 24068for niMinrical alabilization of(folerlerated road itor operator to prurrato most unlror"I MIX ftod En*t RM 21" 2100facclil olla rew complete reelpitiation wit It the w1di - blixingdoplit dnwn to,157 min(]Rln)on SS.= He Cylinders 4 6Littmiirital,timILILttmittimiýnitFior(ith-rr bin-lingaiiiitritm. now MY mm 54 137 mm 5 4"1 Ire HR 260 cato her ori,djqmd with ntlaelviteiArt Lhut and 3W min (IJ In) an [tit 2110 ewe's 185 illcti a V 166 MM 85accurately h4oct liquid mkiltives directly into the - Rotor and ritachina travel direction are the DPW&Clem"I 14 6 L 11143 1"' 14 0 L M in,mixing hood Optional rotors can be Ins-allod to con onmc6 Rotor i,p ruts assuring maximum blending Df*o System& PW^ a *084 m4thomeal 3 speed mo-hordtalvort the RR 260 Into n sell Rintill Ixor 'I Ito Intern-kIly ofoull materials and maximum anglim and rotor Glwýd 3 111149d I-Irdrelloft 3 Speed 110to-101c
mounted breaker bar tilde In motorist mixing drive life Consistent mixing and blending cape opera" mlleftste" ROOM 2WO tom ire 5 M mm ra 9
88290 bility redwees number otpasses roqtilred to achieve Wift left rm a?- 2921 mm or

I specified mixing 11clo- con @Ina he ordered In the Lwalft 1540 Mori 2111 $He W'm U I7USS-2W Ion heavy d I. single rotor sell stribil down cul tried*. WIft of CiA 2430 mm 1111- 2431 mm 00Urns cuts, mixes and pultation machine. Ilia Mach Depth of Cold IM&x) 305 Met 12" 457 rwn Is"rim native fit place soils or select materials, with *Interchangeable rotors allow the machine to new 6"44 Triloo 0*8 epffd Treat Coln alle"d
so without additives It Modifies and stabilizes the adapt to the Job for boat performance. tow Low 1.43 rpm Low Low 123 qxnmil obtaining a strong baft e Ifeavy duty metharilcal rotor drive Is protected Lew Ifth 19111 VM tow HO ISO qW

Both the RR & 88 260 feature automatic depth with proven shear pin design NO Low M rpm 141011 Low We rpm
control and engive load sensing. Mirilftyn Twning flodlim Siondard It It M 40 0" it to M 4010,0 Heavy duly, chains on each side of rotor orti, VA oplionel is" shot 02 M 2616" 1: Do M lov,ancInloed In all arvd duet tight Comes. Ti&"l Speed tMox) 3 Wh 12 w4ph 3 Wh 12 mph

a 3 speed hydrostatic transmission provides Ck- (liod"Wort tA* V" With 44% X%
81ordef4l Ther From 23 9 x M0 * Lug TW9 1! 2 211 x 24 to PR Lugsmooth operation and travel speeds 

16 9 x 29.6 ply tire TV" 1. 2 14 0 x 24 0 PR Lug
3 usable rotarapteds Ibr matching materials and row Coliftsy 414 L Ilaus gal 4#0 L ljous ad
required gradation Com" SYSISM tlI L It 10 0 gel Of L 14 us sai

Antomalle depth control 34 L 9 U a gal J4 L $1.111 "1

Engine twit sensing

Gptl nal Asphalt Spray System available ror
Tin 2N

llOptional Welor Spray Systo-n available ror
RR 250 and SS 260

0 Hydraulically PAIjusted rear door for gradation
control I

0 Opilonal rear wheel steering lbr a 6098 mm (20
it) turning radius,

0 Optional light package ror night applications



Road RecIalmer/Solil SlabFIlzer Optional Equipment Weight of Materials Road RecIalmet/Sol'I Blebtlizer
I Production Estimating Slablilzatton/Raclamallon Production I

OPTIONAL EQUIPMENT WEIGHt OF MATERIALS

6 Roll Over Protective Structure (TIOPS) 6 Witter sproky oryttam with 76 Into Q Its) In line flow

Fbot per minute Indicator (available lit niatric) molar (FrifillIsh or Metric) JIN PLACE)

Working light package a Itoor Wheat Steering (cir 6 1 in (20 (t) turning Cloy - 2600 3100
litilltin - Wei 2900 3500

Coll with hoater nod (Infrostar - ( nil with Ali Umilltiontir Cloy and 0twol - Dry 2400 2800
Automixtod Arepli-ill, MiAorinif anA InkThi n - Wei 2M 3100
System (Fritlibili a, Mail 1c) Includes n foot par Sand and Gf&vsl - My 211101) 3250
tailrinto Indicator - Wei 3400 3760

sjýd - MY 2400 2700
Rotor Options for FIR 250 & 9S 250 - Damp 2250 340

ma.lawni No or ollethen - Wei 3100 3%0
ftw-- Dop*% of Wilik 111*8410016 of Cut Emil - Ny Packed 2514 3200

Ct*k Ckor4o Test 341 Man Is- sit tip - We. E.C*ýAsd 2100 3400
Sioodard Wx ChopW 361 arn Is- "nil 3111. if Up
thandord MW alialth! Too 406 nine it ?a Up - Top Soll loco 23"
Deep 161114 choppof 451 man Is" 3*n" 3101. H Down - Lomn 210D 2400
Note R#x Slielflid Ted 493 own it 00" 811twrk"s Concrete - ~ swed Clivahs (16% Voldil t925

AR 250 Reclamation Rolor - CoffWaried 3900

Cons Test 1611"win 330 mis 13 111111 Oulck ch" Up
caeove T*"d STAWLIZATIONIFIECLAMATION PRODUCTION

Stsok***y lioldo Ralor 3 186 Cwtsdo Oft UP 7b ollminalls gold calculations the following chart lisle production In Square Yard pler Aftulde (y0roln) and Cubic
Ylards per Minute (yds1m1n) The Information Is traised on Yorlotts travel spo:ds and culling depths for the
Caterpillar Fin 250 and SS 250 equipped with a 2438 mmi (8 11) cutting rotor

PRODUCTION ESTIMATING

The standard Cat Boll Stabilizer and R"lolmor tire Or, If tilittilted additive amounts era known, you can 13
capable oCcuttinill niml mixing to, depths of 16 In" and datormina, nocostaty travel speed no shown Vel I roll yd'I Vd'1 rd'i
13 lit rospocilvaly In addition, the cutting width of (WIVI wa An Not .in Rd.
their rotors In 8 That I he following rormnlas allow -yd'/mIn,ydJ/mln x 1 125 to 46 411It LLI at 20 30 59
you to determine the production In squitre yrivdA rV'I' 36 011 46 ;1 119 64 to so
(yd'*nI.--a cir ct.Wc yard; (yd'Yt ilr i1o Its - - I I ra" I ""-I

Piciductlen In Cubic Yards (yet') per minute 30 24 ? -4 47 -'W-Y -66 a 1 94 24 1 111 26 Y 79- 1 #34
Production In oqu&roy.rd!_!yd1) pýr mhju So "1 6!- -L' t IS 6 !S-!- a 174

I tilling or mixing -6 - iis it 3116 to -L- - . is L -
as so 5 74 446 99 445 124 445 14 1- 15 a$ 5 16 14S 223

FPM of Lrnval speed VPM of travel lored depili In Inches y toydr/min 1 125 T-t i5- x 3a -In - 4 9 034 lit 514 6 $34 IFAI $34 It 3 534 222 $34 231 634 261

?a $23 104 623 ar , _ 6 $23 236 623 259 623 27 1 923 sit

ftyd' ProductionlIn Um per I I lit I 1 231 ?12 22 ? 112 tie it 2 316 ht 364
134 -is -1 -01k26 (This to a constant 

0 1 --ý --; 1# 1 ILI

Cutting width value far an eight foot Wt of Material I is "I Sol me "I W3

wide rotor) yd"Imin x per yd InThs = timarmin
2wo IlAon

Goillom of additive (for units with pitimp, and "Optionril Is in
motoring additive system)

GPM AbbrevIstions

yd2imin FPM - Feet Per Minute
OPM- UnIlons Nr Minute



AppendbiD

SDRI AND TSB DATA



SM data

Data Table
Project Tille Rocky Mountain Arsenal Task 93-03, Sols FeasthVity

Project Number- 21907 207040

Test Site RMA Test FNI #1

Bag 1 Bag 2

es"' S"e Interval InlHal Final Initial Final Flow Avg Day Inflitr
6ate on Data on Time On Time Off weight weight weight weight (Q) Number (1)

sec gm gm gm gm ml cmdeec
-jil 01M 8MM 1334 800 66360 3759 3578 4222 3750 653 0 4 24E-07

5/11/94 B/I 2194 958 7 -55 79M 3578 3355 3750 3578 395 2 2 1 SE-07
2/94 M3194 920 828 8329D 3355 3301 3578 3260 372 3 1 92E-07_

8113/94 8111504 933 45 166320 3301 3046 3260 2974 541 4 11 4DE-07

atIW4 - 8116194 822 1056 95580 3w 3015 2D74 2760 245 6 1 IOE-07
i/l 6,94 B/IM4 1418 718 234DDO 3664 3273 3641 3332 em 8 1 IOE-07

all9m )QA 7 5D 7 4D 2,58600 3273 3273 3332 2928 404 11 6 73E-OB

8/22194 8126t94 845 730 341100 X5 2379 1426 14 11 ODE-07
MM4 - WM 735 1215 621 ODD 39M 3242 em 19 456E-M

9/2194 9rAm 1220 1553 2259180 3748 2`197 1549 35 2 95E-08

9128M 10113194 1566 955 1274340 3514 3196 318 56 1 07E-OB

10/13194 11/1/94 966 1620 1664M 35M 3169 399 72 1 03E-08

- Start Water Start Water End Water End Water Avg Water Start Water End Water Temp. Est. Flow %of
Reading Depth Reading Depth Depth Tanp. Temp Change DuetoTemp. TotalFlow

In In In F F F

3 115 294 1144 1147 72 70 2 334 846

294 1144 288 1138 1141 70 6D5 05 835 224

288 1138 288 1138 1138 695 67 25 4175 772

286 1138 288 1138 1138 67 67 0 0 000

288 1138 308 1156 1147 67 V 0 0 000

306 11156 294 1144 1150 67 es 5 15 2505 620

294 il 44 265 Ills 1130 655 66 -05 -835 -059

265 1115 294 1144 1130 so 65 1 167 254

288 '1'138 25 11 11 '19 65 61 4 668 431

25 11 282 1132 1116 61 52 9 1503 4726

282 1132 25 1 11 1116 52 495 25 4175 1046

Page I



Swell data

SDRI Swell Data Table I I
Project Title I Roolcy Mwntwn Amenal Task 93-03, Soils FeambiTity

Project Number 1219(Y7 2D70401

Test Site RMA Test Fill #1

Date Time Test Day No Swell #1 Swell #2 Swell #3 Swell #4 Ave Swell
8110/9-4 "0 0 934 984 437 56 000

-a(il/94 10:20 1 9Z5 978 434 559 048
811294 9-37 2 93.2 981 436 56.2 010
8113194 937 3 93 1 979 431 55.9 038
8/15/94 830 5 .93 983 435 557 025
8116/94 1315 6 931 932 433 558 153
ati 9194 800 1 9 927 98.2 431 66 038
8/22G4 8-50 12 92-9 984 437 565 000
Sr-066ý 7,35 16 975 42-2 55 128
M194 7.30 22 935 99.2 44.3 566 -052

920194 13:20 40 93.2 998 44.2 564 -052
gr2aG4 1555 48 92.3 987 43.5 55 050
1015194 1 835 55 92.1 986 436 561 028
1 Of7194 1 1105 57 9Z4 986 438 557 0-25
10/la(941 10-00 63 92.7 985 437 557 0.23
10201941 810 70 915 988 44 558 035
11/1/94 1 1622 81 93.2 991 44.9 W 7 -060

Page 1



Tensto data

ISOM Tenstometer Data Table

2roject Title I Rocky Mountain Arsenal Task 93-03, Soils Feasibility

Project Number. 121907 207040

Ted SIte* RMA Test Fill #1

Note AB readirigs in Ceribbars
Depth 6 inches Depth 12 inches Depth 18 mhes Average Readings

Date Time Day No Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group I Group 2 Group 3
8110194 9-10 0 22 28 27 26 22 23 4CF- 2D 24 26 24 28

8111/94 10.201 1 24 36 30 26 23 22 38 18 25 30 24 V

811Z94 937 2 21 34- 22 22 26 23 37 16 25 26 24 26

8113/94 937 3 18 29 19 20 26 1 23 37 17 26 22 23 27

8115/94 8 30 5 13 19 -ý4 20 25 22 35 17 26 15 22 26

8/16/94 1315 14 14 9 19 24 20 30 14 20 12 21 21

8/19/94 a 11 8 23 22 2D 32 17 22 9 22 24
8r22G4 8,50 1 12 10 7 s 21 Is 17 28 11 17 7 19 19

&2&94 730 16 8 6 6 20 18 18 28 16 19 7 19 21
9094 730 22 6 4 4 is 14 14 25 16 17 5 15 12
916/94 14 26 9 4 4 15 11 12 22 14 14 6 13 17

9/12194 12-001 32 8 4 5 14 11 12 24 14 14 6 12 17
9/16/94 12:351 36 8 4 4 14 11 11 23 14 Is 5 12 17
sr2o/94 13301 40 7 1 4 13 10 11 23 is 13 4 11 17
SrM94 15:2D ý 43 7 2 4 13 10 '10 23 14 14 4 11 17

-5ý 3 12 10 10 23 is 12 4 17
S28/94 1 55 46-

IOW4 835 J 55 4 2 2 0 10 12 26 17 0 3 7 14
1 Qr7194 9-45 57 4 2 2 6 9 10 25 13 0 3 8 13

10113194 1000 63 4 1 2 9 8 11 26 18 18 2 9 21

10/20194 810 70 2 2_ 2 6 8 10 26 2D 2D_ 2 8 1 22

1/1/94 16= 81 3 6 9 10 25 19 2D 2 8 21

Wetting Front Depth Based on Tensiometýr Data

Elapsed Time (days)
0 10 20 30 40 50 so 70 so 90

0 4

1 - zký

2

3 2N4

4

5
6
7 -wMV

U,
12

13
14

15

16
17 A-An

18 ýJa J.:::t! z P

Page I



K calculation

SDM Hydratdic Qmdudenty Calculation Table I I
Project Title. I Rocky Mwrdw Amenal Task 93-M, SoUs FeaslbiW

Project Number j2i9O7 2DWAO

Test Site RMA Test Fill #1

i

Test Day No InMrabon vvaw Depth Weftg Front Gmdwjft Hydrauft Conduchvity

(1) Depth (H) Depth (D) 01 1 K
crnfsec in 7 m CnIftec

0 424E-07 075 1 m 424E-07
2 2.15E-G7 1147 175 7M 2B5EE-M
3 1.92E-07 1141 2 6.71 Z87E-OS
4 1 4DE-07 TI 38 2.75 514 2.73E-08
6 11 OE-07 11 3B 4 325 2.87E-OB
a I I OE-07 1147 55 a09 35BE-08

11 6 73E-OB 11.50 E5 Z77 2.43E-OB
14 1 8DE-07 1130 675 Z67 6-73F-OB
is 4-96E-jM 11.30 7.5 2-51 12M.4m
35 2.95&M 1119 99 2-13 1 --GE-M
56 1 W&M 1116 11-2 ZOO 53SE-M
m I 03E-M 1116 1 135 1 w 5 WE-09

Page 1



SDRI Oala

TORI Data Table
piroject Title Rocky Maintain Arsenal Task 93-03, Soils Feaslt)qfty
p,roject Number: 21907 207040

ice, _61(e. RMA Test FRI 02

Bag I Bag 2
Interval Initial Final Initial -Final Flow Avg Day IntHtf

-Date On Date Off Time On Time Off weight weight weight weight (0)_ Number (1)
sec gm gm gm gM ml cndoec

__iW__10/94 8/11194 1338 800 66120 3600 2701 2528 2874 553 0 3 ODE-07
iY- -11 _/94 8/12194 952 800 79M 2842 2461 3005 2874 512 2 2 77E-07

_IEý_121_Ac 811394 927 832 83100 32111 2192 3174 2102 (172 3 _ý_4_8E.07
8/13G4 815/94 936 748 166320 31300 3228 3741 3209 1044 4 2 7GE-07
& 1519-4 811&94 826 1100 95M 3228 2874 3269 3219 404 6 1 82E-07
V17/9.4 8IIWD4 949 7 233 i64C%40 3282 3031 36E)6 3446 495 8 1 30E.07
8/19194 M2M4 755 747 258720 3037 2919 3446 3087 A77 11 7 94E-08
W2194 8/2%4 848 755 342420 M 2760 1135 14 1 43E-07
8/2604 9QM 8.00 1110 M6200 3682 3106 777 19 5 4311-013
ii2M__ 11-20 1615 226410D 3904 Ilew 2115 35 4 02E4)8

-W&94 1 &ý3194 ____1617 10 U 1274100 3528 3096 432 66 1 46E-M
10/13194 1111/94 1016 16 4D 1664640 3759 3314 445 72 1 iSE-08

Start Water Start Water End Water End Water Avg Water Start Water End Water Temp. Eat Flow % of
Reading Depth Reading Depth Depth Temp. Temp Change Due (o Temp Total Flow

In In In In F

275 1025 281 il 31 1078 70 M5 -05 .835 -163
281 1031 2 75 1125 1078 705 M 06 835 124
275 1025 2 75 1125 10 76 M 67 3 5D 1 480
275 1025 275 1125 1075 67 68 .1 -167 413
263 1013 25 11 1067 68 676 05 8 35 1 eg
25 10 238 1088 1044 676 66 15 2505 525
238 988 206 1056 M 22 66 66 0 0 000
206 966 3 116 1053 66 __66 0 0 000

3 105 265 1115 1083 66 1 61 5 8-35 395
3 106 294 1144 1097 61 ___53 1336 3D 93

294 1044 25 11 1072 53 505 25 4175 936

Page I



Swell data

SDRI Swell Data Table

Project TtUe Rocky MWntam Amenal Task 93-M, Sods FeasibMity

"ect Number 21907 2CF70401

Test Site RMA Test Fill #2

Date Time Test Day No Swell #1 Swell #2 §Well #3 Swell #4 Ave Swell
BIIQ194 1045 0 538 585 198 86 000
8111/94 1005 1 533 574 181 81 095

8/12t94 9,55 2 54.2 58 187 81 042
8/13t94 9-50 3 ýJg 584 19 86 -005
BMS/94 837 5 54.2 58.2 187 85 0.27
&(19/94 815 9 544 59.2 191 91 -0.2B
8r22G4 900 12 543 583 194 9 -007
WBA94 8,00 16 52,9 581 183 7Z 103
912[94 730 22 554 593 20.3 92 -088

Qr2DI94 1350 40 54 5139 197 9 -0.23
2r2B/94 16-15 48 541 582 196 85 007
1 U5194 905 55 54 577 192 84 035
1 CV7/94 1115 57 1 542 578 1 19 86 027

10/13G4 10,16 63 536 58 18-9 84 045
1112D/94 830 70 541 584 19.5 8.2
1111194 1640 81 546 593 195 94 -053

Page I



Tensio data

ISDRI Tenmmxtw Data Table I I I I
Project Me. Roclq Mountain Arsenal Task 93-03, Sufs; Feasbrity
Project Nurnber 21907 207040
TeSt site RMA Test Fill #2

Note All readings in Centibars
Depth 6 inches Depth 12 ffm:tm Depth 18 inches Averdge Readmgs

Date Time Day No Group 1 Groupý mup 3 Group 1 Group 2 Group 3 Group I Group 2 Group 3 Group 1 Group 2 Group 3
8/10/94 10,45 0 43 18 46 2B 0 38 38 30 35 36 22 34
8/11194 10,05 1 40 28 49 32 26 42 30 30 32 39 33 31
8tI2S4 955 2 38 33 42 34 26 40 3D 32 30 38 33 31
8/13194 9 50 3 31 31 38 34 1 V 40 32 34 30 33 34 32
8/15/94 830 5 22 24 24 30 25 37 35 35 33 23 31 34
sti 9/-04 1 815 9 10 12 11 24 22 34 37 34 37 11 27 36
&MG4 9 DO 12 9 2 7 21 19 30 36 34 38 6 23 36
&26/94 800 16 8 0 4 20 18 30 1 35 30 38 4 23 34
9094 730 22 6 0 0 Is 15 23 33 25 35 2 18 31
9/6/94 1430 26 7 0 2 14 13 18 32 23 35 3 15 30
9/12t94 12.00 32 6 0 4 12 11 14 30 2D 34 3-T 12 28
9116/94 12.37 36 6 0 1 12 10 10 29 2D 33 2 11 27
gr20194 1350 40 6 0 1 1 11 9 5 V is 32 2 8 26
graG4 15:30 43 6 0 0 10 9- 4 1 27 18 32 2 8 26
9rAM 1515 48 6 0 2 10 8 4 26 18 32 3 7 25
1015/94 9*05 55 2 0 0 0 6 0 24 17 26 1 2 22
IQf7I94 10.35 57 2 0 0 0 5 0 22 17 24 1 2 21

10MBG4 1016 63 3 0 0 10 3 2 22 14 22 1 5 19
IO/M/941 8M 1 70 1 0 0 8 3 3 20 13 32 0 5 22
11/1/94 116401 81 1 2 1 0 0 8 1 ::ý I 18 1-2 32 1 3

Wetting Front Depth Based on Tensiometer Data

Elapsed Tirne (days)
0 10 20 30 40 50 60 70 8D 90

0
..... .....

3
4
5
6
7..
8

0 10 -

13
14
15 - -+P
16 t I ft"m
17

Page 1



K calculabon

SDRI Hydraufic Conductmity Cak:tdatlon TaNe

Project TRIP- 7 1 Rocky M=tm Ammal Task 93433, SO&. Mty

Project Number 121907 2=0

Test Site RMA Test Fifl #2

Tee Day No Infiftbm Water Depth Wetrg Front Gradient Hydrauhc Conductr.*

(1) Depth (H) Depth (D) K
CMAaw in m cmftw

0 3 ME-07 05 1 m 3ME-07
2 ZTAE-07 .1078 1 1178 Z35E-08
3 3 4SE-G7 la78 1.5 819 42SE-M
4 2-7M-07 1075 2-5 530 5 10E-M
6 1 ME-07 1075 3Z 4D7 4 47E-08
8 1 3DE-07 1057 4.5 335 3 8SE-06

I I .1-7.QE-M 1044 625 Z67 2.9M-M

14 1 43E-07 lom 7 Z46 5.80E-06
19 543E-M lom 775 235 2-IDE-M
35 402E-CS 1083 11 im 2jO3E-08
56 1 46E-M JOW 138 179 8 13E-M
72 1 15E-M 1072 17 163 7 =09ý

Page 1



Borehole Parmeameter Stage I Calculations

Project RMA 93 03, 21907 207030

Test Location, RMA, Section 25, Test FM I

Test Number, BIA

Test Dimensions and Equations-

(cm)
do 1 27 K, w Rl G, LN(Hi/H2)/(t2 - it)

Do 1016 01 w 0 043

Zu 3302
RAU 692

b, n 5842

Z+RA+bin 9836
to OW 7194 08 00

Date Time At w Test Unit TEO C H'2

t2-tI R H1 H2 Ro Rf I-Ro H2-C T T Rt (HIIH2) K1 Cum Hra
(crn) (crn), (cm), (cm) pni

(sac) (cm) (crni IF) C Factor (Cnvsec) 1hrs) RemarKs

08/17/94 0800 0 2051 1189 305 726 225 093

08/17/94 0802 120 9 1 1189 '107 5 305 305 05 1076 725 225 093 111 3 365E-05 003

08/17/94 08 4 221 1075 1205 306 305 00 1205 727 226 093 089 007 Rel111

08/17/94 0606 120 106 12051 1090 305 305 00 1090 727 226 093 1 il 3 34E-05 010

08/17194 0809H 248 10901 1232 305 305 00 1232 727 226 093 088 0 15 Refifl

08/17/94 0813 2401 127 1232 111 1 305 3051 00 111 11 727 2261 093 1 111 1 72E-05 022

08/17/94 0815 290 111 1 127 4 305 3051 00 127 41 727 226 093 067 0 25 Refill
12_ 227 093 120 1 1 9E-05 042

08/17/94 0825 6001 80 1274 1064 305 3041 -01 10651 L2 9

08/17194 0827 289 1064 1273 304 3041 00 1273 729 227 093 084 045 Refill

GB/I 7/94 0844 10201 40 1273 1024 304 3041 00 1024 732 229 093 124 8 5412-06 073

08/17194 0845 1 2911 1024 1275 304 3041 00 1275 732 229 093 080 075 Renll

08/17/94 090-8 1 12601 64 1275 i04S 304 302 -02 '1050 734 230, 093 6 M-061 1 '10

08/17/94 09 081 1 297 1048 128 1 302 302 00 12811 734 2301 0931 082 1 13 Refill

08/17194 0936 M801 98 1281 1082 302 300 -02 1084 739 233 093 1 IS 3 98E.06 160

08117194 1002 279 1082 1263 300 300 00 1263 741 234 093 086 203 Refll

08/17194 10 37 2100 127 1263 1111 3001 298 -02 1113 743 236 091 1 13 2 36E-06 262

08/1W94 1039 288 1111 1272 2981 2981 00 '127 2 743 235 091 087 2 65 Refill

08117/94 1138 3540 92 12721 1076 2981 2951 -03 1079 747 237 091 1 18 1 62E-06 363

08/17/94 1140 291 10761 1275 2951 2951 00 12751 747 2371 0911 084 367 Refill

=17/94 1437 10620 82 12751 1066 2951 2991 -- 04 10821 756 2421 0911 120 6 74E-07 6621

08/17194 1436 1 298 1066 1282 2991 2991 00 1282 756 242 091 083 6 63 Will

08/17194 1622 62401 216 1282 1200 2991 3041 05 1195 759 244 091 107 4 M E-07 837

MI 7/94 16-24 298 1200 1282 3041 3041 00 1282 759 2439 091 0941 840 Reft1l

MI 8/94 0835 583M 137 1200 11' 2 1 3041 3031 -01 1122 745 2361 091 1071 4 51 E-08 2458

W18194 0840 294 128 2 '127 8 304 303 -0 1 1279 74 5123 61 091 100 24 67 Refill

081191941 0758 83880 1711 12781 11 5 3 3011 .021 1157 7341 -231 095 110 4 8SE-G81 47971

08119/941 1552 28440 1421 11551 IIN2 30 1 2971 -041 113 01 75 4124111 091 1021 3 01 E-081 55 871

A



Date Time At= Test Unit TEO C H'2
t2 -111 R HI H2 Ro Rf Rf -Ro H2-C T T Rt. (1-111M) Ki Cum Hrs
(sac) (cm (cm) (cm) . jtm) (cm) (cm) (cm) (F) (C) Factor (cm/sec) (firs) Remarks

Wl9M4 1555 299 1126 1283 297 297 00 1283 754 2411 0911 088 5592 Refill
0&20194 G"O 64500 197 1283 1181 297 291 -06 1187 709 2161 096 108 4 98E-08 7383
08120194 1030 24001 193 li8l 1177 291 290 -01 1178 743 2351 091 100 4 15E-06 7450
0812M4 1031 1 2951 IM 12791 290 290 00 1279 743 2351 091 092 74 52 RoMI
06121/94 0932 828601 210 1279 1194 290 290 00 1194 714 2189 095 107 3 39E-08 9753
081"t94 1609 110220 128 1194 1112 290 290 00 ill 2 748 2378 091 107 2 53E-08 12815
oaf=94 1611 300 1112 1284 290 290 00 15 4 748 2378 091 087 128 18 Refill
08123194 1103 679M 227 1284 121 1 290 283 -07 1218 743 235 091f 105 3 04E-08 14705
o(V23194 1104 299 121 11 1283 2831 283 00 1283 743 235 091 094 147 07 Reflil
08/24/94 0937 81180 234 12831 1218 2831 287 04 12141 745 23611 091 106 2 67E-08 169621
OM4/94 0938 300 1218 1284 2871 2871 00 128 41 745 23611 091 095 169 63 Refill
=2&94 1436 190680 150 1284 1134 2871 276 -1 1 11451 752 24 091 1 12 2 35E-08 22260
0812W4 1437 289 1134 1273 2761 276 00 1273 752 24 091 0891 222 62 RefM
08/27/94 0952 69300 238 1273 '122 2 2761 273 -03 1225 754 2411 091 104 2 17E-08 24187
OWBI94 1105 90780 177 1222 1161 2731 278 05 1156 706 2139 091 106 2 391E-08 26708
GW9/94 0903 79MI 1241 11611 1108 278 279 01 1107 71212178 098 105 2 54E-06 28905
o6r3M4 0752 82140 751 11081 1059 279 281 02 1057 705121391 098 105 2 42E-08 31187
0&311941 _14 1511 38D 181 10591 10021281 28 1 L--uo 0, 1 10021 720122221 098, 106 2 13E-06 342251

Time weighted average for Kl = 8 OGE-08



Borehole Penneameter Stage I Calculations

Project RMA 93 03, 21907 207030
Test Local RMA, Section 25, Test FM I
TestNutn BIB

Test Dimensions and Equations'
(cm)

do 1 27 K, a RIG, LN(H 1412)/02 -It)
D= 1016 Oin 0043
Zu 3302
RAW 6 92
b, a 5842

+RA+blm 9736
to w 8117/94 16 30

Date Time 'It a I Te t Unit TEO C H-2
112-1111 R I HI I H2, Ro Rf Rf - Ro H2 -C iT T Rt (1-111111-12) K11 Cum Hrs
Isect I (CM). I 1 11 (C'. (cm) (cn i) (cm) F) (C) lFactorl IGWxecp I 1nrs) Remarks

08/18/94 0816 567001 292 12661 303 303 963 741 23 0911 000 15751

081`18/94 0845 1800 290 1266 12641 303 303 00 1264 745 24 091 100 3 44E.08 116251

08118194 0915 J800 287 1126 4 126 1 303 303 00 1261 747 24 091 100 5 11712-08 1675

08/18194 110 15 3600 282 1126 1 1256 303 300 -03 1259 756 24 091 100 1 73E-08 1775

08/iB/94 11215 7200 276, 1256 1250 300, 298 .02, 1252 763, 25 089, 100 1 70E-08 1975

08/18/94 M i5l 14400 2701 1250 1244 2D 81 304 061 1238 7631 25 089 101 2 5SE-08 2375

=19194 0759 56640 1781 1244 11521 304 301 -03 1155 7341 23 093 108 5 24E-O8 3948

08/19/94 1557 28660 1421 1152 11161 301 297 04 1120 754 24 091 103 3 84E-08 4745

08/19/94 1605 3001 1116 12741 297 297 00 1274 754 24 091 088 47 58 Refiff

08/20/94 0951 63960 2041 '127 4 11781 297 291, .06 11184 709 22 095, 108 4 6BE-08 6535

08121/94 0933 85320 1371 1178 111 1 291 2901 -01- 1112 714 22 0951 1061 2 7611-081 8905.
CR 1 -/94 0935 2991 1111 12731 2901 290 00 1273 714 22. 095 087 89 08 Reff"

08/22194 1613 110280 203 1273 11771 290 290 00 1177 714 22 095 108 2 91 E-08 11972

08/22194 1614 299 1177 1273 290 290 00 1273 748 24 091 092 119 73 Reflif

08123194 115-6 -67920 236 1273 1210 290 283 .07 IN 7 743 24 091 105 2 59E-08 13860

08/23194 1107 296 1210 1270 283 283 00 1270 7431 24 091 095 13862 Will

08/24/94 09 ý9 616Q 234 '127 0 1208 283 2871 041 1204 7451 24 0911 1 M 2 SO E-08 161271

M24194 0947 2991 1208 1273 287 287 00 1273 7451 24 091 096 161 28IRefill

08/204 1438 190260 156 12731 11301 287 276 -1 1 1141 752 24 091 112 2 2SE-08 21413

08/26194 1439 298 1130 12721 276 276 00 1272 752 24 091 089 214 15 ReM

08/27194 0953 69240 242 1272 12161 276 273 -03 1219 754 24 091 104 2 41 E-08 23338

08/28/94 1105 1 59M 184 1216 11581 2731 278 05 11153 759 24 091 105 1 30E-OB 25858

08/29t94 OQJ I 69M 138 1158 11121 2781 2791 Oil Ili il 712 22 0951 104 9 96E-091 __
r -0813=4 -!07 54 820801 93 1112 16671 2791 2811 021 10651 7051 21 104 2 2012-08 30340

UW I/94 11417 1093801_ 3211OU 1 2811 001 100 61 72 OJE2J29 0 951 __ý 06 2 20E-08 --- 9278+

Time weighted average for KI 2 29E-08



Borehu,le Permeameter Stage 1 Calculations

Project RMA 93 03, 21907 207030

Test Location, RMA, Sectfon 26, Test FM 1

Test Numbar 131C

Test DImenslons and Equations

(cm)

du 127 K, a Rt 0, LN(111/1-12Yý2 - tl)

D - 1016 Gi w 0 043

Z a 3302

RAM 602

b, - 58 42

Z+RA+blu 9746

to a MI 8/94 12 20

Date Time At Test Unit TEG C H'2

t2 - 11 R Hl 1-11) Ro)l ( III R o H2 - C T (T) Rt (HltH2)j LKI Cum Hrs

I I (sec) (cm) (cm) I (cm (cm cm) - (CM) (cm) I (F) C Factorl cnVsec) (hrs) Remarks

0811 819ý 1434 8040 203 1178 305 305 873 789 261 0871 000 223

08/18/94 1436 120 101 117 8 1076 306 306 00 1076 789 261 0871 109 2 82E-05 227

0811OM4 1438 233 M 6 1208 305 305 00 1208 789 261 087 089 2 30 Refil

08/18/94 1442 240 79 M 8 1054 305 305 00 1054 789 261 087 1 15 2 13E-05 237

08/19/94 0743 293, M 4 1268 305 301 -04 1272 734 230 093 083 1938 RefIll

08119/94 0813 I8WJ 279 1268 12541 301 3001 .01 125 5 734. 230 093 101 2 29E-07 1988

08119194 044 18601 265 1254 12401 300 2991 -01 1241 736 231 093, 101 2 24E-07 2040

08119194 0944 36M 236 1240 121 11 299 2991 00 1211 743 235 0911 102 2 57E-07 2140

08119194 1144 7200 184 121 1. 1159 299 2991 00 1159 748 238 0911 104 2 39E-07 2340

08/19/94 1544 14400 83 1159 1058 299 297 -02 M 0. 754 241 0911 109 2 43E-07 2740

08/19194 1607 9-6 1058 1271 297 297 00 12711 754 241 0911 083 27 78 Reflif

OMY94 0952 63900 00 M 1 975 297 291 -06 9811 709 216 095 130 45 53 Water drained, rodents
OMM4 0958 300 975 1275 291 291 00 127 6 709 216 095 076 45 63 RefM

08121/94 M36 MW 00 1275 975 291 290 -01 976 714 219 095 131 69 27 Water drained, rodents

08121 M 0937 304 975 1279 290 2901 00 1279 714 2191 095 076 69 28 Refill

08122/94 M 20 1105M 66 1279 1041 290 290 00 1041 748 238 091 123 7 29,E-06 I DO 00

W22/94 1622 300 104 1 '127 5 290 290 00 127 5, 748 238 091 082 1 DD 03 Refill

06/2"4 1109 67620 182 1275 1157 290 283 07 1164 743 235 091 1 10 5 27E-06 11882

08r2=4 1110 298 11571 1273 283 283 00 1273 743 235 091 0911 118831
=4194 0952 81720 211 12731 IM 283 287 04 1182 745 236 091 106 3 SM-08 14153

06124/94 0953 302 1186 1277 2871 287 00 1277 7451 2361 091 093 14156 RefM

OMM4 1440 19DD20 132 1277 1107 287 276 -1 1 M 8 752 240 091 114 ZME-06 19433

CeIM4 14 41 30.3 1107 1278 276 276 00 1278 752 240 091 087 19436 RON

08WI94 W54 69180 233 1278 1208 276 273 -03 1211 n 4 241 09 106 3 05E-M 21357

M28M41 11-06 907201 1601 1208 1135 278 273 -05 1140 759 244 0911 1001 2 50E-06 236771
M2M4-1 Oa-07 1. 69M I' 10 ll'I 12081 1076 2731 27791 061 1070 712 218 0951 1131 2.92E-Ml 200781



Date Time At Test Unit TEO C H-2
t2-tl R (HI) (112) (Ro RI Rf - Ro 1-12-C T T Rt (1-11111-12) KI Cum Hrs

- (sec) (cm) cm cm cm) (cm) (cm) (cm) (F) . UC Factor .. IC."dsec) Mrs) I Remarks08/3(Y94 075 82080 52 1076 1027 279 281 02 1025 705 214 0,98 105 461E08 28358
08r"94 0756 295 1027 1270 281 281 05 1270 705 214 098 081 283 60 Reflff08/31/941 14 19,109360, 188, 1270 1163 281 281 00 11631 7201 12221 0951 1-091 3 13E 011 313981

Time weighted average for KI 4 47E-08



Bmehele Permeameter Stage I Calculations

Project RMA 93 03,21907 207030
Test Location RMA, Section 25, Test Fill i

Test Number , B11)

Test Dimensions and Equations,
(cm)

d = 127 K, a RIG, LN(M/H2)/(12 0)

D = 1016 O,w 0043

Z n 3302
RAw 584
b, - 5842

Z + RA+ b, = 97 42
tg = OM =4 12 20

Date Time AIN Test Unit TEG C H'2

(2-111 R)J (111) 1 (112) 1 (Ro Rf) I Rf - Ro H2-CJ T T Rt (HIM2) :K1 Cum Hrs

(sec) (cm cm cm cm) (cm - (c J (cm) (F) (C) lFactorl I (cn Ise]c (-a) Remarks

MIM41 1448 8880 3011 1275 305 3051 970 789 281 087 000 247

=18194 1542 3240 282 1275 1256 305 305 00 1256 761 245 089 102 1 77E-07 337

MI 9/94 0746 57840 157 125 6 1131 305 301 04 1135 734 230 093 1 11 7 OOE-08 1943

=19194 0816 1800 156 M 1 1130 301 300 01 1131 734 230 093 100 1993

OSM9194 0646 1000, 153 1130 1127. 300 299, .01 1128. 736 231 093 100 3 93E-08 2043

08/19/94 W 46 36001 150 1127 1124 299 2991 00 11241 743 235 0911 100 2 9OE-D8 2143

(WI 9/94 11 46 7200 149 1124 1123 299 2991 00 11231 746 238 091 100 4 84E-09 2343

08/19194 1546 14400 131 1123 1106 299 2971 -02 11071 754 241 091 101 3 OOE-08 2743

08/19/94 1610 298 1105, 1272 297 2971 00 1272 754 241 091 087. 27 83 ReM

08/20/94 0951 63660 223 127 21 1197 297 291 -06 1203 709 216 095 106 3 58E-08 4552

OMi/94 0943 BS20. 154 119 71 1128 291 290 -0 1 IM 714 2191 095 106 2 78E-08 6938

OW1194 0945 1 306 1128 1280 290 290 00 1280 714. 219 095 088 69 42 RefKf

08122/94 1615 1096001 220 1280 1194 290 290 00 1194. 748 238 091 107 2 4SE-08 9992

08122194 1616 1 299 1194 1273 290 290 00 12731 748 238 0911 094 99 93 ROM

OWM 4 11 14 682801 236 1273 1210 290 2831 -07 12171 743 235 091 105 2 6BE-08 11890

OM3194 1115 1 292 1210, 126 6 283 2831 00 1266 743, 235 0 91 096 11892 RefM

08/24194 0949 812401 237 1266 121 1 283 287 04 1207 7451 236 091 105 Z3DE-08 141 W

0&24/94 0950 301 121 1 1275 287 287 00 1275 745 236 091 096 14160 Refill

MM 4 1442 190380 178 1211 1152 287 276 -1 1 1163 752 240 091 104 8 31 E-09 19437

OWW4 1443 295 1152 1269 276 276 00 126 9 752 240 091 0911 194 38 Ref111

OB/27/94 0954 69060 249 1269 1223 276 273 -03 1226 754 241 0.91 104 1 9SE-08 21357

MW4 11,06 90720 196 12231 1170 2731 278 05 11651 759 244 091. 10!5 2 1 OE-06 23877

41 0906 79320 153 11701 1127 2781 279 01 1 U 61 7121 218 095 104 1 97E-06 200801
rMM 41 0756 820601 1113 11271 1090 2791 281 _ 132 10B 81 7051 2141 0 9B 104 181 E-06 283601

5OMi/941 1420M ýE2 ý ý99 91 28 11 281 0 0 ___22 9 3 WE- 3140017201 2221 OM 109 OH6

A



Date Time At- Test Unit TEG C H'2
t2-ti R I Hi Ro Rf I Rf - Ro H2-C T T Rt (1-11/1-12) KI Cum Hrs

ac) (cm) (cm cm I CM) (cm) (cmý I (cml (F) 1_(C) lFactorl (cm/Sec) E hre) I Remarks

Time welghted average for Kl 2 45E-08



BoreWe PermaMMMAT Stage I CMICU11WHOM

Project RMA 93 03,21907 207030

Test Locattm. RMA, Section 25, Test FM I
Test Number: BlE

Test Dimensions and Equations:

(cm)
d- 127 Ki a Rt G, LN(H ItH2)1((2 - ti)

On 1016 G, n 0 043

Zv 3302
RA= 6 02
b, - 5842

Z+ RA+ b, a 9746
to - 0811819412 20

Date Time Ain Test Unit TEG C H-2

12 - 111 R (HI) I H2 Ro Rf Rf - Ro H2.01 T T Rt (HI/H2) KI Cum Hrs

I I (W) (cm) I Cm (cm) (cm) (cm) (cm) (M) (F) (C) Factor (Cm1sec) (hrs) Renurks

08/18/94 1445 87001 294 1269 3051 305 9641 789 261 0871 000

08/18/94 1523 22001 276 1269 1251 305 3051 00 1251 761 245 087 101 2 34E-07 305

08/19/94 0745 689201 157 1251 1132 305 3011 .04 1136 734 23 093 1 110 6 55E-08 1942

=I 9194 0816 18001 156 1132 1131 301 300 .01 `113 2 734 23 093 100 0 OOE+00 1992

08/19194 0845 IBM 153 1131 1128 3,00 299 01 1129 736 231 093 100 3 93E-06 2042

08/19194 0945 3600 148 1128 1`123 299 299 00 1123 743 235 091 100 4 83E-08 2142

08/19/94 It 45 7200 141 1123 ill 6 299 299 00 Ill 61 748 238 091 101 3 4(YE-08 2342

08/19/94 1545 14400 123 1116 1098 299 297 .02 11001 754 241 091 101 3 93E-08 2742

08/iM4 '16 09 297 1098 '127 2 297 2971 00 1272 754 241 091 006 27 82 Refill

08/20/94 0952 63780 183 1272 1158 297 291 06 1164 7091 216 0951 109 5 6SE-08 4553

OW0194 1035 2580 1791 1158 1154 291 290 -01 1155 7431 235 091 100 3 94E-08 4625

08/20/94 1036 303 1154 1278 290 290 00 1278 743 235 091 090 46 27 Refli

06/21/94 0938 82920 00 1278 975 290 290 00 975 714 219 095 131 1 33E-07 6930

=21M 0941 298 975 1127 3 290 290 00 1273 714 219 095 077 69 35 RefM

OMW94 1617 110160 156 1273 1131 290 290 00 1131 748 238 091 113 4 20E-08 9995

08rzM4 1619 301 1131 1276 290 290 00 1276 748 238 0911 089 99 96 Refil

06r2=4 1111 67920 217 1276 1192 290 283 .07 1199 743 235 0911 106 3 59E-OB 11885

OWM41 1112 279 1192 1254 283 283 00 1254 743 235 091 095 11887 RAI

0=4/94 0957 Bi9DD 204 1254 1179 283 287 04 1175 745 236 0 91 107 3 11 E-06 14162

OM4(94 0"8 300 1179 1275 287 287 00 127.5 745 236 091 092 14163 Reffl

08126/94 1444 189M 149 1275 1124 2871 276 .1 1, 1135 752 24 091 112 2 40E-06 194401

OBM94 1446 306 1124 1280 2761 276 00 1280 752 241 091 088 194 42 ReM

06/27/94 0955 69000 244 1280 1219 276 273 -03 1222 754 241 0911 105 2 63E-08 21358

06128194 1107 90720 183 1219 1158 273 278 05 1153 759 241 0911 106 2 40E-06 23378

08r/W4 09-09 79320 128 1158 1103 278 279 01 1102 712 21 ý 0951 105 2 43E-06 26082

OWI/941 1421 191520 63 110 2LI03 8 _E2 _P.11 02 1036 72.0 222 0951 106, 4 1 0E-TJ 31402

Tkna vietghtki wmfap for Ki - 4 1 3E-06



Borehole Permeameter Stage I Calculatlons

Project- RMA 93 03,21907 207030
Test Location, RMA, Section 25, Test Fig I

Test Number , 132A

Test Dimensions and Equations,

(Cm)
dw 1 27 Kim RIG, LN(HltH2)1(t2 - ti)

Du 10 M Gin 0043

Za 3302
RAm 602
bi a 5842

Z+RA+biu 9746

to w 08/17/94 08 33

Date Time Ain Test Unit TEO C H'2 w
12 ' ill R Hl H2 Ro I Rf Rf-Ro H2.C T T Rt (Hl/H2) KI Cum Hra

(see) (Cm) (cm) (Cm) (Cm) I (cm) (cm) (Cm) M (C) Fa torl (cm/sec Mrs) Renarks

OB/i7/94 0833 0 235 '1210 2681 1210 774 252 000 000

08/17/94 0834 60 99 1210 1074 268 2081 00 1074 774 252 069 113 7 61 E-05 002

08/17194 0835 300 1074 1275 268 2681 00 1127 5 774 252 089 084 003 Refill

08117/94 0837 120 61 1275 1036 268 2681 00 1036 774 252 089 123 6 62E-05 007

08117/94 0838 236 1036 121 1 268 2681 00 121 1 774 252 089 086 008 Refill

08/17/94 0840 1201 451 1211 10201 268 268 00 10201 7741 252 0891 119 5 48E-05 012

08/17/94 0841 2841 1020 1259 268 268 00 1259 7741 252 089 081 013 Reflil

08/17/94 0848 420 113 1259 1088 268 268 00 1088 774 252 089 11 16 1 33E-05 025

08117/94 0849 291 1088 1260 268 268 00 1266 774 252 089 086 027 Refill

08/17/94 0851 120 143 1266 ill 8 268 260 -08 1126 772 251 089 112 3 7412-05 030

08/17/94 0853 279 1118 1254 260 2681 06 1246 772 251 089 090 033 Renll
4 408/17194 0856 1801. 122, 125 A, I G9 71. 9-6 8ý 2681 00, 4 009 7, 772 2-5- 11 0 e9I 1 14, 2 8411-00"1 0361

08/17/94 0900 300 1097 12751 268 288 00 1275 7721 251 089 086 0 451 Refill

08/17/94 0903 180 42 1275 10171 268 268 00 1017 7721 251 009 125 4 81 E-06 050

08/17/94 0910 251 1017 12261 268 267 -01 1227 772 251 089 063 062 Refill

08/17194 09 14 240 65 '1226 110401 267 267 00 1040 772 251 089 1 18 2 62E-05 068

08/17/94 0917 244 1040 12l 91 267 267 00 1219 772 251 089 085 0 73 Reflill

08117/94 0920 '1801 911 '1219 10661 267 2671 00 `106 6 774 252 089 1 14 2 BSE-05 078

08/17/94 0933 1 266 1066 1241 267 2671 00 1241 774 2521 089 086 1 00 Refill

08/17/94 W 41 4801 56 1241 1031 267 267 00 1031 772 251 089 120 1 48E-06 1 13

08/17/94 1034 1 276 1031 1251 267 267 00 1251 770 250 089 082 2 02 Refill

08/17/94 1128 32401 28 1251 100 1 267 263 -04 1007 770 250 089 124 2 56E-06 292

08/17/94 1233 1 238 10031 1213 263 265 021 121 1 766 248 069 083 4 00 RON

06/17/94 183001 203 1213 117 81ý1 26± 2162 -03 1181 7661 248 0819 1031
08/17/94 1634 298 1176 127 3ý_!!! 262 00 12731 7661 24 81 089 0931

061118/941 1 -T 1-7 78180 183 - 1273 11581 26 20 A2 0 0 11581 7301 2281 095

08/1 SM41 -.-.. 0831 301 1158 12761-262 264 02 - -



Date Time At Test Unit TEO C H*2

12-tl R Hl H2 Ro RI Rf - Ro H2.C T T Rt (HIM2) KII Cum Hrs

(sec) (cm) (cm) (cm) (cm) (CM) (cm) (CM) I (F) (C) Factor (cm/sec) (hrz) Rernatka

08/19194 0755 84240 126 1276 1101 264 2601 -04 1105 730 228 093 115 6 83E-08 4737
Ml 9194 1612 29820 99 1101 1074 260 2581 -02 1076 743 235 091 102 3 02E-06 5565
08/19194 1613 297 1074 1272 258 2581 00 W 21 743 2351 091 0841 5567 ReRM
M2M4 W 47 63240 1881 12721 1163 258 2521 .06 11691 707 2151 095 109 5 ME-08 7323
06IM4 1045 3480 1841 1163 1159 252 2,50 -02 '116 1 712 218 095 100 2 02E-08 7420
08120194 1047 3001 1159 1275 250 250 00 1275 712 218 095 091 74 23 RePI
08121194 0915 80880 2121 1275 1187 250 251 01 1186 714 219 095 108 3 6GE 08 9670
08122/94 1031 1 E+05 134 1187 1109 251 251 00 1109 739 233 093 107 2 42E-08 127971
08/22t94 1632 299 1109, 1274 251 251 00 1274 7391 233 093 087 127 98 RefM
0&2M4 10 Z 65400 232 1274 1207 251 245 -06 1213 7321 229 093 105 3 OOE-08 14615
08/23/94 1059 30 1 1207 1276 245 245 00 W 6 7341 230 093 095 146 43 RefM
0&24194 1006 83160 235 1276 1210 245 246 01 1209 7451 236 091 106 2 54E-08 16953
OW4194 1006 298 1210 1273 246 246 00 1273 745 236 091 095 169 65 Refill
08/2&94 1456 2E+05 167 1273 1142 246 243 -03 1145 748 2381 091 111 21812-06 22237
08/26t94 1456 1 294 11421 1269 243 2431 00 1269 748 238 091 090 222 38 RefM
06127M 0957 6M I 236 1269 1213 243 242 .01 1214 75 244 091 105 2 53E-08 24140

4 1122 90180 183 1213 1158 242 241 -01 91 759 244 091
08/291941 09 11 79660 133 1158 1108 241 243 02 1106 716 5,1 n n cAl

081301941 0745 81240 92 1108 1067 243 247 04 10631 709
08/31/941 1425 1 E+05 40 1067 1015 2 A I- ýA Q A

Time welghted average for Kl 8 2GE-08



Borehole Penneameter Stage I Calculations

Project: RMA 93 03,21907 207030
Test Location: RMA, Section 25, Test FRI I
Test Number: B2B

Test Dimensions and Equations:

(cm)
d = 127 K, a Rt G, LN(H I IH2)1((2 - t1l)
D n 1016 Gla 0043
Zo 3302
RAN 602
b, w 5842

Z+RA+bi= 9746
to 06/18/94 10 15

Date Time At= Test U t TEG C H-2
112 - t1F--R-[-H1 H2 Ro Rf Rf-Ro H2 - C T T Rt (1-11/1-112) KI Cum firs

I (sec) 1 (cm) I (c m) (cm) (cm) (cm) 1cm1 (cm) (F) (C) Factorl I (ctrvaec) I Mrs) Ramrks
00/18/94 1422 14820 254 1229 2621 1 1229 7431 235 000 412
08/18/94 1432 600 187 1229 1162 262 2621 00 1162 7431 235 091 106 3 66E-06 428
08119/94 0745 299 1162 1274 262 260 .02 1276 730 228 093 091 2142
08/19/94 0812 1920 281 1274 1256 260 260 00 1256 729 227 093 10`1 2195 Rodents chewed fill One
08119/94 0842 1800 266 1256 1241 260 260 00 1241 730 228 093 101 2245 Rodents chewed fill line
08/19194 0942 36001 2441 1241 12191 260 258 -02 1221 732 229 0931 102 2345 Rodents chewed fill One
08119194 1142 72001 2101 1219 1185 258 258 001 1185 741 234 093 103 25 45 Rodents chewed fill fine
D8/1 9/94 1542 14400 1581 1185 1133 258 258 00 1133 7431 235 091 105 2945 Rodents chewed Oil line
08/19/94 16 11ý 299 1113 3 1274 258 258 00 1274 7431 235 091 089 3000 Refill
08/20/94 0947 3120 109 1274 1084 258 252 06 1109 01 7071 215 095 1 17 4753 Rodents chewed Ml line
081201941 1048 3660 103 1084 107 e 252 2501-02 1080 7121 218 095 100 11 4855 Rodents chewed (M line
08/201941 1050 3013 107 81 127 81 250. 25 Of 00 1278. 71 21 218. 0951 08 48 58, Refill
0121/94 0917 1 001 1278 9751 250 251 01 974 714 219 0951 1311 7103 Rodents chewed fill line
08121/94 0919 1 3051 975 12801 251 251 00 1280 714 219 0951 076 7107 Rodents chewed fig line
06/22/94 1629 1 001 1280 9751 251 251 00 975 739 233 093 131 10223 Rodents chewed Ml Hne
M22/94 1630 302 975 1277 251 251 00 1277 739 233 093 076 10225 ReflA
08123194 1047 65820 43 1277 1018 251 245 06, 1024 732 229 093 125 1 34E-07 12053
0&23/94 1049 295 1018 1270 24 5 245 001 1270 732 229 093 080 12057 Refill
08/24/94 1008 83940 59 1270 1034 245 246 01 1033 745 236 091 123 9 6312-08 14388
0&124t94 1009 303 10341 1278 246 246 00 1278 745 2361 0911 081 143 90 Refill
08/26/94 1458 00 12781 9751 246 -246 1221 .181 1 105 19672 Rodents chewed fill line
08/26/94 1459 291 975 12661 00 2431 243 1102 3 748 238 091 095 19673 Refill
08127/94 0959 684001 110 1266 1065 243 242 -01 1086 759 244 091 1 17 B 7BE-08 21573
08/27/94 1001 301 1065 1276 242 242 001 1276 759 21577 Refill
08/28/94 11 01ý 89940 77 1276 1052 242 241 -011 1053 759 24075
OW"4 0914 285 1052 1260 241 243 0 2 262 96 RefM
0&"4 0746 81 A12O 8 I 1ýn I r1l' a ýA 285521



Date Time At Test Unit TEO C H'2
t2.111 R HI H2 Ro Rf Rf - Ro H2-C T T Rt (1-11111-12) KI Curn HrS

, isec) I= , (cm, (cm) (cm) (cm) (cm) (cm) (F) I (C) I Factor (cm/sec) (hrs) Remarks
08130194 0749 29 7 105 6 127 2 24 7 2471 00 1272 70 91 21 61 0 95 063 285 57 Refill
GW31/94 1427 110280 4 8 127 2 102 3 24 7 2461- 01 1024 72 31 22 41 0 95 1 24 8 04E-08 3`1620

Time welghted average for KI 8 001108



Borehole Parmsameter Stage I Calctdallons

Project. RMA 93 03,21907 207030
Test Location, RMA, Seclton 25, Test Fill I
Test Number , 132C

Test Dimensions and Equations

(cm)
d ts 127 Kim Rt Gi LN(HIfH2)'(t2 - tl)
D = io 116 01 a 0 043
Z n 3302
RAN 642
b, m 5842

Z+RA+blm 9786
to m 03/18/94 10 15

Date Time 'I Test Unit TEO C H'2 T (HI/H2) Kt2 Ill R I HI I H2 Rol Rf IRf-Ro 1-12-C T T Rt Cum Hrs

(sec), (cm) I I I (cm) I (cm) I (cm) (cm) (F) (C) Factor (cm/sec) (hrs) Remarks

08118194 1413 14280 267 1246 (om) 262 1246 7431 235 0911
08/18/94 1431 1080 104 1246 1083 262 262 00. 1083 7431 235 091 1 Is 5 08E-06 4274 642

8
08/19194 07 392 _ 300 1083 1279 262 260 -02 1281 730 228 093 085 2140 Refill3 3
08/19M4 0812 1980 288 1279 1267 260 260 00 1267 729 227 093 101 1 90E-07 21952 2
08119194 De 43 '1860 280 '1287 1259 260 280 00 1259 730 228 093 101 1 ME 07 22472

26 8 1 25 908119/94 0943 3600 268 12591 12471 260 2581 -02 1249 732 229 093 101 8 86E-08 23470
08/19/94 11 43 7200 252 12471 12311 258 2581 00 12311 741 234 0931 101 7 17E-08 25478a
DB/19194 1543 144DO 227 M 11 J25 el 258 2581 00 1206 7431 235 091 102 5 58E 08 2947
08/19194 1616 29711206 12761 258 258 00 1276 7431 235 091 095 3002 Refill
08120/94 0948 631201 197 1276 11761 258 252 06 1182 7071 215 095 108 4 9511-08 4765r0
08/21/94 0920 84720 103 1176 108 2 252 251 0 1 1083 7141 219 095 1091 3 97E-08 710800
08/21/94 0922 303 1082 12821 251. 251. 00. 12821 7141 219 095. 0841 71 12 Refill
08/22/94 1627 111900 190 1282 11691 25 11 251 00 1169 7391 233 093 110 3 3011-08 10220
08/22194 116 28 299 1169 12781 261 251 00 1278 739 233 093 091 10222299

0

0

M23/94 1050 66120 228 1278 12071 251 245 -06 1213 732 229 093 105 3 16E-08 120582
08/23/94 1100 302 1207 1128 11 245 245 U-0 1281 734 230 093 094 120 75 Rofkl

0

08124/94 1012 835201 230 1281 12091 245 246 01 1120 8 745 236 091 106 2 75E-08 1439536

0

2
08124194 1013 301 120 9 12801 2461 246 00 1280 745 236 091 094 143 97 ROM
OWW4 1500 19OD20 170 1280 11491 246 243 -03 11521 7481 238 091 1 11 2 17E-08 196752D
08126/94 1501 301 1149 12801 243 243 00 12801 748 238 091 090 19677 RefM

1 f WOaf27/94 1002 684601237 1280 12161 243 242 -01 1217 759 244 091 105 2 89E-08 2157898
08/28/94 1102 900DO 171 121 6 11501 242 241 01 1151 759 244 091 106 2 39E-08 24078
06/29194 0914 1 00 1150 9791 241 2431 02 977 716 220 095 1 18 262 98 Rodents chwed fill One
GOMM 0915 60 298 979 1277 243 243 00 1277 716 220 095 077 26300 Refill
0813=41 0747 81120 221 1277 1200 243 247 041 1196 709 216 095 107 3 1412-08 28553
=311941 1426 110340 128 1 9n nljM24 6 .011 1108 095 108 3 7SE-OBI 31618,

Time weighted average for KI 3 WE 08



Borehote Parmeameler Stage I Calculations

Project RMA 93-03.21907 207030
Test Lotatlon, RMA, Sectlon 25, Test FM 1
Test Ntsmber, 132D

Test Dimensions and Equations
(Cm)

do 127 Kt 0 Rt G1 LN(Hl/H2)102. tl)
010 1016 Gi a 0 043
Z w 3302

RAw 6 12
bi a 6842

Z+RA+b,= 9756
tg w WI 7194 16 30

Date Time At= Test Unit TEO C H'2
t2-111 R :H2 Ro I Rf JRf-Ro H2 -C T T Rt (HI/H2) KI Curn Mrs
(Bec) (cm cm) (cm cm cm (cm) I (cin)_ AFLC) lFactor, (cm/sec) Mrs) Rernarks

08/18/94 0755 55500 295 1271 1 2651 1 730 228 093
WIM4 0625 1800 262 1271 1238 2651 2641 Z-1 1239 730 228 093 103 5 VE-07 1592
08118194 0865 1800 232 1238 1208 264 263 -01 1209 732 229 093 102 5 27E-07 1642
08118/94 0955 3600 188 1208 1164 263 261 -02 1166 739 233 093 104 3 93E-07 1742
=18194 1000 289 l164 1265 261 261 00 1265 739 233 093 092 17 50 Refil
08/18/94 1200 72001 1561 1265 1132 261 258 -03 `113 5 7471 237 091 1111 5 90E.07 1950
08/18/94 1201 300 1132 1276 258 258 001 1276 7471 237 091 08.9 1952 Refill
08/18194 `16.01 14400 165 1276 114li 2581 262 04 1137 745 236 091 1 '12 3 14E-07 2352
08/18/94 1603 298 1141 1274 2621 262 00 1274 745 236 091 090 23 55 Refill
08/19/94 0749 56760 64 1274 1040 2621 260 -02 '1042 730 228 093 122 1 42E-07 3932
06119194 0753 301 W40 1277 260 260 00 1277 730 228 093 081 39 38 Refill
08119/94 1617 30240 2381 1277 1214 260 258 -02 12161 743 235 0931 105 6 47E-08 4778
08119194 1618 302 1214 1278 258 2581 00 12781 743 235 093 095 47 80 Refll
Ga/20194 0946 62880 191 1278 1167 258 252 -06 117 3 707 215 095 109 5 57E-D8 6527
0812=4 1042 3360 186 1167 1162 252 250 .02 1164 712 218 095 100 3 13E-08 6620
08/20/94 1044 302 1162 1278 250 250 00 1278 712 218 095 091 66 231 Rel9l
OWI/94 0924 81600 185 1278 1161 250 251 01 1160 7141 219 095 110 4 85E-06 8890
0=1194 0926 3001 11611 1276 2511 251 001 1276 7141 219 0.95 091 88 93 Refill
08/22t94 1625 111640 159 1276 1135 251 251 00 1135 739 233 093 112 4 20E-06 11992
08/22194 1626 299 1135 1275 251 251 001 1275 7391 233 093 089 119 93 ReOll
08=94 1052 66M 210 1275 1186 251 24ý .06 1192 732 229 093 107 4 06E-08 138 371
OarzM4 1056 303 1186 1279 245 245 00 1279 734 23 093 093 138 43 Refill
OWN94 1014 838M 206 1279 11841 245 246 01 1183 745 236 0,931 106 3 72E-08 16173

I(YI5 -T- -23 6 0931 093
OEV24194 00 3001 1184 1276 2461 246 00 '127 6 45 i6l 75 Rell
08r2&94 15,02 ISODBO 125 1276 1101 246 2431 -03 110 31 74 8 23 8 091 116 2.99E-06 21453
CW&941 1503 298 1101 1274 243 243 001 1274 748 238 0.91 0861 1 214 661 Refll
081271941 '10-031 684DO 235 127 4 i2l I . 243 242 -011 12121 759.1 2444 0961 1051 2 97E.061 233551,



Date Time At Test Unit TEO C H12At

t2.(l R Hl I H2 Ro Rf Rf -Ro 1-12-C T T Rt (1-1111-12) KI Cum Hrs

08/28/94 1102 8994(0) 16 9 121 11 1149 242 241 .01 1146 759 244 091 106 2 40E-08 25853
Isec (i (cm) MI jcm) (cm) (a2L .LFL jC) Factor (cm/sec) (hrs) Remarks

08/2W94 0915 F7998O 1115 114 51 1091 241 243 02 1089 716 22 095 105 2 56E-08 28075

W30/941 0750 81300 69 109 11 1045 243 247 0 104 11 70 91 2161 0951 1051 2 36E 081 303331
08131/941 1428 110280 101 10451 9861 247 246 01 98 71 72 31 22 41 0951 _ 1061 2 01 E-081 333971

Time weighted average for Kl = 4 52E-08



Borehole Permeameter Stage 1 Calculations

Project, RMA 93 03, 21907 207030

Test Locortlon- RMA, Section 25, Test FM 1
Test Number * 132E

Test Dimensions,
(CM)

d a 127 K, Rt G, LN(1-11/1-12Y02 - H)

D u 1016 Glo 0043

Z w 3302
RAW 5 82
b, = 5842

Z+RA+blcl 9726
to MI 7/94 16 30

Onto Time At Test Unit TEO C H'2

t2 -tI H2 Ro Rf JRf.Ro H2-C T T Rt (Hifl-12) Ki Curn tits

Isec) 1cm (CM) I (CM cm JF) (C) 1 Factor (cm/6-0 (hre) I Remarks

08118194 0745 54900 300 1 1273 1 2651 ý6-5 100 6 730 228 093 000

0811 M4 08 15 1800 247 12731 V20 265 2641 -01 1220 730 228 093 104 9 36E-07 1575

MI 8194 0845 IWO 215 122 0J 1188 264 2631 -01 1189 732 229 093 103 5 72E-07 1625

08118194 0945 WM 160 1188 1133 263 2611 .02 1135 739 233 093 105 5 0715-07 1725

0&18/94 0950 293 1133 1266 261 261 00 1266 739 233 093 089 1733 Refill

08/18/94 1150 72001 186 1266 1159 261 258 -031 1162 7471 2371 091 1091 4 66E-07 1933

00/18/94 il 55 294 1159 1267 258 258 00 1267 747 2371 091 091 1942 Refill

08/18194 1555 14400 133 1267 1106 258 262 04 1102 745 236 091 115 3 79E-07 2342

=I 8/94 1557 298 IM 1271 262 262 00 1271 745 236 091 087 23 45 Refill

=I 9194 0748 57060 07 1271 980 262 260 -02 982 730 228 093 129 181 E-07 3930

08/19194 0751 298 980 1271 260 260, 00 1271 730 228 093 077 39 35 ROM

OB11M4 1619 304801 196 127 1 1169 260 258 -02 117 1 743 235 091 109 1 05E 07 4782

08119194 1620 1 302 1169 1275 258 258 00 1275 743 235, 091 092 4783 ROM

M20194 0947 628201 '15 6 12751 1129 258 25 i -06 1135 707 2151 095 112 7 57E-08 6528

=20M 1038 3M 150 1129 1123 252 250 -02 1125 712 2181 095 100 4 74E-08 6613

O&M4 1041 302 1123 1275 2501 250 00 1275 712 218 0951 088 1 66 18 Refill

08/21/94 0927 81960 150 1275 1123 2501 251 011 1122 714 219 095 114 6 37E-08 8895

08/21/94 09*29 303 1123 1276 2511 251 00 1276 714 219 095 088 8898 RAI

owam 1623 111240 137 1276 1110 251 251 00 1110 739 233 093 115 5 01 E-08 119 88

06122M 1624 330 1110 1273 251 251 00 12731 739 233 093 087 119 90 ROM

060M4 1056 66720 203 12731 1176 251 245 -06 118 21 734 2301 093 106 4 4SE-08 138431

MM4 1057 300 11761 1273 245 245 00 12731 734 230 0931 092 138 45 Refill

06/24194 ID17 84000 205 12731 M8 245 246 0 1 IM 745 236 0 91 106 3 OSE-08 16178

08124194 ME) 300 1178 127 3 246 246 00 127 3 745 236 0 9J 093 M 60 Refill

OMM4 15-04 189MI 136 1273 1109 -03 1112 748 238 OM 114 2.91 E-08 21 4 7

CMM41 1505 7 1109 1270 00 1270 7481 238 0.95 0871 21458 ROM

08WI941 10-03 M401 F3 7 1270 1210 -01 121. 1-7591 24 41 091 051 272E-08i 233561

a



Date Time At Test Unit TEG C H-2
t2 - (I R HI H2 Ro Rf Rf - Ro 112-Cl T T R( (1-11111-12) KII Cum Hrs

I (sac) cm cm -tm.) (cm) jcm) I (cm) (cm) (F) (C) Factor (cm/sec) (hrs) Remarks
08/28194 1103 9WOO 178 1210 1151 242 2411 .01 1152 759 244 091 105 214E-08 26855
08/29194 0917 80040 00 1151 973 241 242 01 972 716 220 095 1 18 280 78 Rodents chewed I'll line

4 09181 1 286 973 1259 242 242 00 1259 7161 2201 0951 0771 1 280 801 NMI
08/30194 07511 811801 228 1259 1201 24-4124 24-417, 05 1196 71 1 21 7 0 101- 2 46E-06 303351
G8/31/941 14291 1102801 1 7 246 Oil 11381 723 2241 0951 1061 19012-081 333981

Time weighted average for Ki = 5 '1612-08



BGreWe Permeameter Stage 2 Calculatl3ris

proled, RMA 93 03, 21907 207030
Test Loca(lon, RMA, Section 25, Test FOR i

Test Number, BIA

Test Dimensions and Equations

(CM)

d = 127 L a 1550 05 1 165
DU io 16 M L a 7 TS Gila 3350
Z a 3302 b, w 5067 03a 2265

RAn 692 011D a 1995 F w 0948

b, = 5842 L/D w 1 53 02= 0016
Z + RA + b, = 98 36 a -1 K2= RjG2 LN(H I A-IZ)1ý2 tl)

1@ = 09101194 08 31

Date Time At= Test Uni TEO C H2'=
12 - tl R HI C T Rt

_I 1 1-121 1 Ro Rf, III(If-Ro LH2 - C T 11-12) Cum Hrs

(sec) (cm) cm) _(cm (cm)l M) cm (F) (C) Factor (hrs) Remarks

09/01/94 0831 0 302 1286 278 6821 2011 1
cwl/oý 0904 1980 298 1286 1282 278 277 -01 1283 6851 2031 1 100 1 83E 08 055
09/01194 0931 1620 298 1282 1282 277 276 -0 1 1283 6891 2051 098 100
09JO1194 1035 3840 293 1282 12 7 7 -2-F6 272 04 1281 6961 209 098 100 3 09E-09 207
09101/94 1234 7140 285 127 7 1269 272 272 00 1269 7061 214 098 101 1 34E-08 405
0MI194 1534 108001 265 12691 1249 272 279 071 1242 7161 220 095 102, 2 94E-08 705
09AW94 0945 65460 120 1249 11041 279 274 -05 1109 6871 204 1 1131 2 82E-08 2523
09/02/94 1636 24880 108 1104 1092 274 271 -03 1095 716 220 095 1011 4 90E-D9 3208
OW2194 1637 290 1092 1274 271 271 00 1274 716 2201 095 0861 RefIll
09/03194 0905 59280 217 1274 1201 271 278 07 1194 709 2161 095 107 161 E-08 4867
OW3194 0906 300 UO 1 1284 278 278 00 1284 709 2161 095 094 1 Refill
09AW4 14Z 2794201 76 12841 1060 2781 265 A 3) 1073 720 2221 095 120 9 4BE-09 M 20
GVGW4 1444 300 1060 1284 2651 265 00 1284 7201 2221 095 083 Refill
09A)M4 0937 240780 109 128 4 1093 265 270 05 1088 7121 2181 095 118 1 02E-08 19310

' 
2' 

4

09112/94 1139 00 1093 984 270 262 .08 992 7271 2261 093 110 Water level below scale
12/94 1154 900 302 984 1286 262 262 00 d1286 7271 2Z61 093 077 Refill

WiV94 1322 178080, 147 1286, 1131 262 265 03 1128 72.5 225 093 114 1 OBE-08 316851
09/14194 1327 3001 2861 11311 1270 265 2651 001 1270 725 225 093 089
09116194 1050 1633DOI 741 12701 105 2LP 5L_ 2631 -021 1060 6711 1951 1 120 1 72E-G8 362321

Time welgNed average for IQ = I 27E-06



i3orehole Petmeameter Stage 2 Calculations

Project RMA 93-03, 2 1907 207030
Test Location. RMA, Section 25, Test Fill I
Test Number, BiB

Test Dimensions and Equations
(cm)

d a 127 L a 1500 GB= 1 157
D a 1016 112 L w 750 G4w 3260
Z 12 325 b2 w 51 44 G3 a 2217
RA- 692 021D = 2025 F = 0944
b, - 58 94 L/D u 148 G2w 00`16

Z+RA+blm 9836 A= .1 K2 a RIG2 LN(H I /HZY(12 - III)
to 09/01/94 08 33

Date Time Test Uni TEG C H2'w
I tl F-A-1-HI H2 Ro Rf Rf -Ro H2 - C T T Rt (HIIH2') K2 u rs:SIC) , cm (cni) (cm) (F) I (C) Factorl I icm/sec) 1 C (mhrs)T Remarks

09/01/94 0833 296 1 1286 278 6821 2011 1
09101/94 0905 1920 297 1280 1281 278 277 01 1282 685 2031 1 100 053
09MI194 0932 1620 300 1128 1 1284 277 276 .01 1285 689 2051 098 1100 098
09/01/94 1037 3900 299 1284 1283 276 272 -04 1287 696 2091 098 100 207
09101/94 1235 7080 291, 1283 1275 272 272 00 1275 709 216 095 101 1 32E-08 403
09/01/94 1535 10800 2701 1275 1254 272 2791 07 12471 716 220 095 1021 3 OBE-08 703
09/02/94 0946 65460 128 1254 1112 279 274 -05 lit 7 687 204 1 112 2 79E-08 2522
09102194 1638 24720 116 1112 1100 274 271 03 1103 716 220 095 101 4 93E-09 3208
09102194 1639 60 292 1100 1278 271 271 00 1276 716 220 095 086 Refill
09/03/94 0907 69280 210 1276 1194 271 278 07 11187 709 216 095 106 1 83E-08 4857
09/03/941 0908 60 305 11941 1128 9 2781 276 00 1289 709 216 095 093 1 Refill
09/061941 1447 279540 651 1128 91 104_91 2781 2651 -13 11 DO 21 720 2221 095 1211 1 04E-08 126231

1 09MB/941 1448. 60 305 1049 1289 2651 265 001 12891 720 2221 095 081- Refill
09/09/94 0938 240600 89 1289 1073 265 270 05 10681 712 2181 095 121 1 117E-06 19308
09112/94 1140 266520 00 107 3 984 270 282 -08 992 727 2261 093 108 Water level below scale
09/12t94 1155 900 294 984 1278 262 262 00 1278 727 226 093 077 ROM
09114194 1323 178080 00 1278 984 262 265 03 981 725 225 093 130 Water level below scale
09114/94 13291 3601 3041 9841 12881265 2651 00 1288 725 225 093 0761 1 Refill
09/16/941 10521 1633801 001 12881 9841 2651 2631 -02 986 671 195 1 1311 lWater level be

Time weighted average for K2 = 1346-08



Borehole Permearneter Stage 2 Calculaftons

Project. RMA 93-03. 21907 207030
Test Locatlun RMA, Section 25, Test FIN I
Test Number. BIC

Test Dimensions and Equations
(cm)

do 127 Lo 1700 06 a 1 188
Do 1016 1/2 L a 850 04 = 3623
Zu 335 132 a 4944 G3 = 2402

RA= 6 92 0210 a 1946 F = 0959
bi = 57 94 LID = 167 G2w ows

Z+RA+bin 9836 an -1 K2 w RIG2 LN(HI/HZ)/(t2 - it)
to tx 09/01/94 08 34

Date Time Alm Test Unit TEO C H2'a
12 , 1111 H2 Ro Rf JRF-Ro H2 - C T (T Rt (1-11/1-12) K2 Cum Hrs
(sec) (cm) (CM) (cm) (CM) (CM) (cm) (cm) (F) C) Factorl I (cm/sec) I (hrs) Remarks

D9/01/94 0834 299 1283 299 278 682 201 1

09101/94 0906 1920 300 1283 1284 278 277 .01 1285 685 203 1 100 053
09101/94 0933 1620 302 1284 1286 277 276 -01 1287 689 205 098 100 098

09MI/94 1038 39DO 302 1286 1286 276 272 -04 1290 096 209 098 100 207

QW1194 1236 7080 294 1286 1278 272 272 00 1278 709 216 095 101 1 24E-08 403
OW/94 1536 10600 2741 1278. 12581 272 279 071 1251 7161 2201 095 1021 2 79E-06 703
OM2194 0947 65460 105 1258 1089 279 274 -05 1094 687 204 1 115 3 17E-08 2522
09102/94 16;5 24780 85 1089 1069 274 271 -03 1072 716 220 095 102 8 M-09 3210
OM2194 1641 292 1069 1276 271 271 00 1276 716 220 095 084 Refill

09/03/94 0909 59280 209 1276 1193 271 278 07 1186 709 216 095 108 17412-01) 4858
GM3194 0910 300 1193 1284 278 278 00 1284 709 216 095 093 RefM

09MV4 1449 279540 941 1284 10781 278 265 -13 1091 7201 2221 096 1 181 8 22E-09 12625
OM6194 1450 3021 1078 1286 265 265 00 1286 720 222 095 084 Refill

09A)M4 0936 24OW 72 1286 1056 265 270 051 1051 712 218 095 122 1 18E-08 19308
09/J2194 '1140 26M 00 1105 65 98 ý 270 262 .081 992 727 226 093 106 Water Mal below Kale

MI M4 1156 294 984 1278 262 26.2 001 1278 727 226 093 077 Refill

09/14/94 13.24 178080 123 1278 1107 262 265 03 1104 725, 225, 093 116, 11411-06 31683
09114/94 137 300 1107 12841 265 265 00 1284 7251 22-51 093 0861 - Refill

09/16/94 1"8 163620 1091 1284 1093 266 263 -02 1099 671 195 1 1 17 1 45E-08 362401

09/1 "4 10,59 298 1093 1282 263 263 00 1282 671 196 1 085 382 42 Reffli

09/20194 1412 357180 00 1282 964 263 261 -02 966 696 209 095 130 1 04E-08 46163

4 1413 300 964 1284 261 261 001 1284 696 20 9 095 077 416165 Refill

0012W4 15-50 437820 Z3 12841 1007 261 266 05 1002 628 171 106. 128 9 09E-09 58327

OW3194 1551 298 10071 1782 266 266 00 128 2 628 171 1061 079 535 28, Refill

09r2&94 1513 100 12821 1084 266 263 -0.3 _LG6 7F6Z3 0t)J 1-7.2 1061 1181 1 5SE-06 582651

Tkne wethted awage for K2 - I 04E-06



E3orehola Petmeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
'real Location, RMA, Section 25, Test FIN I
Test Number - BID

Test Dimensions and Equations:
(cm)

do 1 27 L w 1650 GS a 1 179
Do 1016 112 L = 825 04m 3531
Zn 33 b2 a 5019 G3 n 2359
RAn 6 92 021D = 1976 F M 0956
b, w 58 44 LID a 162 G2 on 0015

Z + RA + bi w 98 36 a a -1 K2n RIG2 LN(Hl/HZ)I(t2 - tl)
to a 09/01/94 08 38

Date Time At M Test Unit TEG C- I H2'12

f2-111 R Hi H2 Ro I Rt Rf.Ro H2_C Rt 2 K2 CdM Hrs
I Rfec) lcm) M) icml (CM) lcm) (cm) m) F) (C) Factor (cm/sec) (hra) Remarks

09/01/94 0838 295 1279 299 278 682 201 1
09101194 0907 '1740 296 '127 9 128 0 278 277 0 1 128 1 685 203 1 100 048
09/01/94 0934 1620 301 1280 1285 277 276 -01 1286 689 205 098 100 093
09/01/94 1039 3900 302 12B 5 128 6 276 272 -04 1290 696 209 098 1 DO 202
OMI/94 1237 7080 300 1286 1284 272 272 00 1284 709 216 095 100 3 15E-09 398
09JOi/94 1536 10740 287 1284 12711 272 2791 07 12641 716 2201 095 1021 2 09E-08 697
COMM 0947 65460 150 1271 11341 279 2741 -05 11391 687 2041 1 112 2 53E-08 2515
09/02/94 1042 ý49W 156 1134 1140 274 271 .03 114 31 716 2201 095 099 3207
09/02194 1643 302 1140 1288 271 271 00 12861 716 2201 095 089 Refill
09/03/94 0912 59340 231 1286 1215 271 278 07 12081 709 2161 095 106 151 E-08 4867
09/03/94 0913 303 1215 1287 278 278 00 1287 709 2161 095 094 1 RON

139, 4 1 1
00-106/0-4. 14 51, 279480, 1287, 11231 2781 265 -131 113 61 7201 22 2i 0 PSI 1 131 6 40E-09 12622
09/06/94 1452 300 1123 1284 265 265 00 12641 720 2221 096 0871 Refill
091OW4 09 To 240480 122 '128 4 IiOS 265 270 05 1101 712 2181 095 1171 9 16E-09 19303
09/12/94 1141 266460 00 1106 984 270 262 06 992 727 2261 093 111 Water level below scale
09112194 il 57 300 984 1284 262 262 00 1284 727 2261 093 077 Refill
09/14/94 1324 178020 179 1284 1163 262 2651 03 1160 725 2251 093 111 8 OOE-09 316771
W14194 13341 1 2871 11631 1271 265 2651 001 1271 725 225 093 092 Refill
09/104 11021 1636801 911 -021 10771 671 19512711 107 5: 5 2631 1 118 1 53E-08 36LI21_

Time weighted average for K2 = 8 27E-09



Borehole Permeameter Stage 2 Calculations

Project, RMA 93 03, 21907 207030
Test Location: RMA, Section 25, Test FM 1
Test Number : WE

Test Dimensions and Equations
(cm)

d m 127 L m 1800 GS= 1200
D a 1016 112 L = 900 G4 = 3806
Z = 33 b2 = 4944 G3 a 2491
RAm 692 0210 = 1946 F M 0965
b, m 58 44 LID m 177 G2 a 0014

Z+RA+blm 9836 am -1 K2 - PG2 LN(HI/HZ)I(t2 - ti)
too OMI /94 06 37

Date Time Alm Test Unit TEO C IN 1-12' m
Q - ti [;Rý H1 I H2) (Ro Rf Rf-Ro H2-CJ T T Rt (Hln12') K2 Curn Hrs
(see) (cm) (cm) I (CM CM) (cm) (cm) (cm) (F) I (C) IF&ctorl I " see) I (hrs) Remarks

I I Zýd 1
09101194 08 3f 300 1284 299 278 682 201 1
owim 0908 1860 300 1284 1284 278 277 -01 1285 685 203 1 100 052
09101/94 0935 1620 304 1284 1288 277 276 -01 1289 689 205 098 100 097
09/01/94 1040 3900 305 1288 1289 276 272 -04 1293 696 209 098 100 205

OW01194 1238 7GDO 299 1289 1283 272 272 00 1283 709 216 095 100 9 05E-09 402

09MJ194 '10740 283 '128 3 12671 272 279 07 '1260 7161 2201 095 1021 2 31 E-08 700

09MM4 0946 65460 1401 1267 1124 279 274 -051 1129 687 204 1 112 2 55E-08 2518

OWV94 1644 24960 127 1124 111 1 274 271 .031 1114 716 220 095 101 4 92E.09 3212
09/02/94- 1645 300 Ill 1 1284 271 271 001 1284 716 220 095 087 Refill

09103/94 0914 59340 235 1284 1219 271 278 071 1212 709 216 095 106 1 34E 08 4862

OW3194 0915 296 1219 1280 278 278 001 1280 709 210. 095 095. WIN

OWM4 1453 279M48O 139 1200 1123 278 265 -131 1136 720 222 095 1131 5 87E-09 12627

O9M94 1454 .300 1123 1284 265 265 001 1284 720 222 095 0871 Refill

09/OM4 0941 240420 1301 1284 1114 265 270 051 1109 712 218 095 1161 8 37E.09 19307

W12194 1142 266460 00 1114 984 270 262 -081 992 727 226 093 112 Water le-4el below scale

=I W94 1157 1 303 984 1287 2621 262 001 1287 727 226 093 076 Reflft

09/14194 1325 178MOI 00 1287 984 262 265 03 OB 1 7251 2251 093 131 2-OSE-08 31680

wi"4 1332 302 984 1286 265 265 00 128 093 077

09116/94 1100 1636MI 130 1286 1114 265 263 -02 1116 6711 1951 a..08 361,

09116194 1101 1 300 1114 d128 4 263 263 00 1284 6711 1951 36,
OWM41 1401 3564001 311 1284 1015 263 261 -n,) M4 -. 1 9 2712-09 46'

Tirpe welghted average for K2 = 9 42E-09



13ofehole Permearneter Stage 2 calculations

project RMA 93 D3, 21907 207030
Test Location' RMA, Section 25, Test FBI I
Test Number, 02A

Test Dimensions and Equations.
(cm)

do 127 L a 1600 G5 a 1 172
0 w 1016 112 L a 800 04 = 3440
Z w 33 b2 = 6044 G3w 2312
RAM 692 01113 a '1986 F a 09S2
b, w 5844 UD a 157 G2= 0015

Z+RA+bit: 9836 an -1 K2 w RIG2 LN(H I /HZ)/(t2 - (1)
tow 09101 /94 08 30

Date Time At 12 Test Unit TEO C 1-112'
12 -1111 R H1 1 (H2 Ro' Rf Rf - Ro H2 -C T T Rt (1-111/11W) K2 Cum Hrz

_ I (cl(sec) (cm) I (cm) cm (cm) (crnp (cm) (F) (C) Factor I (hrs) Remarks
09/01194 0830 297 128 1 299 243 687 2041 1
09/01/94 0900 1800 304 1281 128 i 243 242 -01 1289. 693 2071 097 099 050 Erroneous reading
09/01/94 0930 1800 305 1288 1289 242 242 00 1289 696 209 097 100 1100 Erroneous reading
09101/94 1032 3720 309 1289 1129 3 242 238 -04 1297 705 214 097 099 203 Erroneous reading
09/01/94 1230 7080 314 1293 1298 238 236 -02 1300 709 216 095 099 400 Erroneous reading
O9fO1/94 1538 11280 2971 1298 128 11 236 2431 07 12741 712 218 0 95 1021 2 41 E-08 713
09102/94 0940 64920 1371 1281 11211 243 2381 -05 11261 693 207 097 1141 2 95E-08 2517
09102/94 1647 25620 161 1121 1145 238 238 00 11451 7201 222 095 0981 3228 Erroneous revdng
09/02t94 1648 301 1145 1285 238 238 00 12851 720 222 095 089 Refill
9/03/94 0916 59280 198 1285 1118 2 238 242 04 11781 720 222 0 g5 1 W 2 13E-08 48771

09103/941 0917 303 1182 1287 242 242 00 12871 720 222 095 092 Refill
09106/941 1456 279540 220 1287 1204 242 230 -12 12161 727 226 093 106 2 89E.0 1126 43.
09106/94 1457 301. 1204 1285 230 230 00 1285 727 226 093 094 RON
09/09/94 0959 241320 1201 1285 1104 230 226 -02 1106 730 228 093 116 8 85E-09 19348
09/12/94 1147 265680 22 11104 1006 228 225 -03 1009 734 230 093 109 4 82E-09 26728
09112/94 1150 297 1006 1281 225 225 00 1281 734 230 093 079 Refill
09/14/94 1338 179280 205 1281 1189 225 226 01 1118 8 725 225 093 108 5 98E-09 31713
091116/94 1107 163740 60 11891 10441 2261 2231 031 10471 685 2031 11 1 141 1 119E-081 362621
090 6194 11 F8 300 10441 12841 2231 2231 001 12841 6851 2031 - -11 0811 --- I lRefiff
OW20194 14141 3567601 9 7 _ 12841 10811 2231 2221 -011 1 GO 21 7071 2151 0951 1191 6 98E 091 461731

Time weighted average for K2 = 8 OOE-09



Borehole Permeameter Stage 2 Calculations

Project RMA 93 03,21907 207030
Test Locatiow RMA, SWlon 25, Test FK1 I
Test Number, B2B

Test Dimensions and Equations-
(cm)

d- 127 L w 1600 G6w 1 172
Du 1016 1/2 L a 800 G4- 3440
Zu 33 b, a 5044 G3 a 2312
RAw 692 02113 w 1986 F = 0952
b, = 58 44 L/D a 157 G2 a 0015

Z + RA+ bi w 98 36 a es -1 K2 - PG2 LN(HI/HZ)/02 - tl)
19 = 09MI 194 W 32

Date Time At Test Unit TEG C H2'u
Q -11 R HI 1-12) Ro Rf I Rf - Ro 1-12-C T T Rt (HI11-121) K2 Cum Hrs

- (sec) (cm) -1cm) (cm (cm (cm) (cm) (cm) I JF) (C) 11'actor (cm/sec) (hrs) Ramat ka

97-01794 08 2 303 1287 2991 243 687 204 1
09MI/94 09 Di 17401 31 1 1287 129 5 243 242 -01 1296 693 207 097 099 0 48 Erroneous reading
0,9/01/94 0931 1800 316 1295 1300 242 242 00 1300 696 209 097 1 DO 098 Erroneous reading
09/01/94 1032 36M 31 8 13001 1302 242 238 -04 1306 705 214 097 100 2 00 Erroneous reading
09101/94 1232 7200 317 1302 130 1 238 236 -02 1303 709 216 095 100 4 00 Erroneous readIng

OM1194 1538 MOO 307 1301 1291 236 243 07 1284 7`121 2181 095 1011 171 E-08 710
09102/94 0940 649201 170 1291 1154 2431 238 05 1159 693 2071 097 1 Ill 2 47E-08 2513
09102/94 1649 257401 170 1154 1154 2381 238 00 1154 720 2221 095 100 3228 Erroneous readng
O=2f94 1650 2941 1154 1278 2381 238 00 1278 720 22 21 096 090 RefM
W03194 0918 59280 2291 1278 1213 238 242 04 1209 720 222 095 106 1 36E-08 4877
OW3194 0919 297 1213 1281 242 242 00 1281 720 222 095 095 1 RefIll
09MM4 1448 278940 179 1281 1163 242 230 -121 1175 727 226 093 109 4 41 E-09 12627
09AX1194 149-9 302 1163 1286 230 230 001 1286 727 226 093 090 Refil
09A)W4 1000 241260 147 1286 l13l 230 228 -021 1133 730 228 093 114 7 47E-09 19347
MIM4 1146 265560 37 l13i '102 1 2281 225 -03 102 4 7341 2301 093 110 5 33E-09 26723
09/1 W94 1150 3021 1021 1286 225 225 00 1286 7341 2301 093 079, Ref#l
0911 V94 1338 179280 204 1286 1188 225 226 Ol 1187 7251 2251 093 108 6 36E-09 W 10
09116194 11*09 163M 85 MB 1069 226 223 -03 1072 6851 2031 1 111 9 ODE-09 35262

0911 6M4 1110 303 1069 128 7 223 223 00 1282 685 20# 3 1 083 Reflfl
09r2=4 1416 356760 109 1287 1093 223 222 -011 109 4 707 215 095 1 18 6 62E-09 46173
OWM941 14171 1 302 12871 1280 2231 222 -0 IF 1-28 7 M 215 095 100 1ý14
OWM41 16021 2655601 10 21_ 10931 106612221 219 ý O 3 ýIDB 9 64 9 183

Time welgMed werage for IQ = 6 34E 09



Borehole Permeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location, RMA, Section 25, Test Fill I
Test Number , 132C

Test Dimensions and Equations:
(cm)

d m 127 L n 1575 G6= 1 169
D n 1016 1/2 L = 788 G4= 3395
Z a 33 132 a 5057 G3U 2289
RAW 692 4b2/D n 1991 F w 0950
b, a 5844 L/D w 1 55 02a 0015

Z+RAvbiu 9836 am -1 K2 n RtG2 LN(H I /H21/(t2 - ti)
to a 09/01/94 Oe 34

Date Time At Test Unit TEO CM 1 1-12'
Q R HI H2 Ro Rf I Rf -Rol H2.CJ TJ T K2 Cum Hrs

ec) (cm) (cm) I (cm) (cm) (cm) R(
(S - I (cm) I (cm) lFactorl cm/sec) (hfr.) Rernarks

- 09/01/94 0834 304 1288299 243 6871 204 1

- 09/01/94 0901 1620 312 1288 1296 243 242 -01 129 7 693 207 097 099 045
09/01194 0932 1860 31 6 1296 1300 242 242 00 1300 696 209 097 100 097
09/01/94 1033 3660 318 1300 1302 242 238 -04 1306 705 214 097 100 198
09/01/94 Q 33 7200 317 1302 1301 238 236 -02 1303 709 216 095 100 398
09/01/94 1538 111001 300 1301 1284 2361 243 071 1277 712 2181 095 1021 2 46E.08 707
09/02194 09 41 64980 118 1284 1102243 238 .05 1107 693 207 097 1 '16 3 41 E-08 25 12
09102/94 1651 25800 116 1102 1100 238 238 00 1100 720 222 095 100 1 03E-09 3228
09/02/94 1652 30 1 1100 1285 238 238 00 1285 720 222 095 086 Refill
09103/94 0922 59400 22 1 1285 1205 238 242 04 1201 720 222 095 107 1 67E-08 4880
09/03/94 0923 302 1205 1286 242 2421 00 12861 720 222 095 094 Refill
09106194 1500. 279420, 116 1286 1100, 242, 23 0 1, Al 2 4.112 7271 22 61 0 993 1 16i 7 46E-091 12643
09/06/94 1501 300 1100 12841 230 2301 00 1284 727 226 093 0861 Refill
OMM4 1000 241140 35 1284 1019 230 228 -02 102 1. 730 228 093 126 1 36E-08 19343
09/09/94 1002 300 1019 1284 228 225 -03 1267 734 230 093 079 Refill
09/12194 1146 265440 721 1284 1056 225 225 00 1056 734 230 093 122 1 0161E-018 26720112 312/94 1151 304 1056 1288 225 226 01 1287 734 230 0 93 5382 Refill
09/14194 1339 77-92-80 160 1288 1144 6 225 -0 1147 1 1 12 9 97E-09 3170809/14/94 1340 3046 1144 129 0122 6 - ft! - I129 3 1 088 317 10 RefIll
09/16194 11 11 163860 00 1290 tro -*1 985 Dn5 l 31 2 41 E-08 36262

Time YmIghted average for K2 = I 20E 08



Borehole Permeameter Stage 2 calculations

Project, RMA 93 03, 21907 207030
Test Locatlan RIVIA, Section 25, Test FBI I
Test Number 1321)

Test Dimensions and Equations:

(cm)
d - 127 L a 1750 05= 1 193
D = 1016 112 L = 875 G4 a 3714
Z = 33 132 u 4969 G3 n 2448
RAw 692 4b2ID w 1956 F w 0962
b, a 5844 LtD a 1 72 02a 0015

Z+RA+bi= 9836 -1 K2 u NG2 LN(HI AiZyn ti)
to a OWOI/94 08 36

Date Time At Test Unit TEO Ca 1 1-12'
t2 - 11 R Hi H2 Ro RI) I Rf -Rol H2-C T (T) (HIM-) K2 Cum Hfs
Ned (c j (cm) I (cm) J: EL (cm) (cm) I (F) C I FaRdtorl I (cm/sec Mrs) Remarks

09/01194 78-36 3081 129 2 299 243 687 2041 1 1
O9fOl/94 0902 1560 310 129 2 129 4 243 242 -01 1295 693 2071 097 1001 043

OW01194 0932 1800 314 1294 1298 242 242 00 1296 696 209 097 100 093
09101194 1033 3660 314. 1298 1298 242 238 -04 1302 705 214 097 150- 195
09101M 1233 7200 311 1298 1295 238 236 -02 1297 709 216 095 100 1 49E 09 395

09/01/941 1539 111601 297 1295 1281 236, 243 07, 1274 712, 218 095 102 2 04E-06 705
09/02/94 0941 649201 124 1281 1108 243 238 -051 ill 3 693 207 097 115 3 OBE-08 2508

09102/94 1653 259201 147 1108 1131 238 238 001 1131 720 2221 095 0981 3228 Erroneous reading
09/02/94 1653 1 300 1131 1284 236 238 001 1284 720 222 095 088 Refill
09103/94 0924 594601 230 1284 1214 238 242 04 1210 720 222 096 106 1 39E-08 4880

09/03194 0925 1 302 1214 1286 242 242 00 1286 720 222 095 094 1 RefVl
09MM4 1502 279420 1591 1286 1143 2421 230 -12 1155 7271 226 093 1 11 5 24E-09 12643

09M94 1503 297 1143 1281 230 230 00 1281 7271 226 093 089 ReOll
09M94 1003 241200 142 1281 1126 230 228 -02 1128 7301 2281 093 114 7 1911-09 19345

09112/94 1145 265320 05. 1126 989 228 225 -031 992 7341 230 093 114 6 51 E-09 267 15

09/12/94 1152 300 989 1284 225 225 001 1284 7341 230 093 077 Refill
09114194 1341 1793401 194 1284 1178 225 226 Oil 1177 724 224 093 109 6 62E-09 31708

MiW94 1114, 163M 6 0] 11781 104 4k22 "6 22 3 -031 1047 685 203 1 113 1 OSE- 36263
0911 Gf94 Ills 3041 1044 12881 22 3T- 22 3 00 1288 686 203 1 081 362 65 ReIM

O9r2OM4 1420 3567001 861 1288 10701 -011 1071 707 2151 095 120 7 20E-09 46173

Time weighted average for K2 = 8 14E-09



Borehole Permeatneter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location: RMA, SectIon 25, Test FBI I
Test Number , 13212

Test Dimensions and Equations

(cm)
d a 127 L = 2050 Glim 1238
D m 1016 112 L z 1025 G4= 4270
Z w 33 b2 a 4819 G3= 2690
RA= 692 0ý13 - 1897 F ts 0976
b, = 6844 LJO a 202 G2w 0014

Z + RA + 131 = 98 36 8 W -1 K2w RIG2 LN(H I /H7)1(t2 - (1)
to= 09/0 1194 08 3 8

Date At Test Unit TEG C H2'
Re
n(2411 1 R S "1 1 142 Re RE Re H2 -OC T T 111, JI-11111-1121 e%2 Cum hra

ec) ( ) ( )- [ACM) ( ) IF C) cm cm , (cm) (cm) Factor (cm1sec) hrs) Remarks
09101/94 0838 3021 1286 299 243 687 204 1
09/01/94 0903 1500 3061 1286 1290 243 242 -01 1291 693 207 097 1001 042
09/01/94 0933 1800 310 1290 129 4 242 243 00 1294 696 209 097 1100 092
09101/94 1043 4200 309 1294 1293 242 238 -04 12 7 705 214 097 100 208
09/01/94 1234 6660 303 1293 1287 238 236 02 1289 709 216 095 100 5 99E-09 393
09/01/94 1540 11160, 287 1287 1271. 236 2431 07 1264 771221 2181 095 102 2 08E-08 703

70 
9

09/02194 0942 649201 151, 1271 11351 243 2381 05 11140 66921 2071 097 1 11 -2 20E-08 2507
09/02194 1654 259201 1451 1135 1 '12 91 238 238 00 1129 77220 222 0951 1011 2 63E-09 3227
09102t94 1655 1 3011 1129 1285 238 238 0 0#128 5 720 222 0951 088 Refill
09/03/94 0929 596401 2271 1285 121 1 238 242 04 1207 720 222 0951 108 1 36E-08 4885
09/03194 0930 1 29 121 1 1128 3 1 242 242 720 2221 0951 094 Refill
09/061941 15041 2792,01 1291 128 3 11131 242 230 -121 1125 7271 2261 093 114 5 93E-09 12643
09AW4 1505 ... 3021 1113 1286 230 230 00 1286 727 2261 093 0871 Reffll
09AW4 1004 241140 1391 1286 1123 230 228 -02 1125 730 2281093 1 14 6 99E-09 19343
09112/94 11143 265140 02 1123 986 228 225 .03 989 734 2301 093 114 6 04E-09 26708
09/12194 11 T3 299 986 1283 225 225 00 1283 734 230 093 077 Refil
09/14194 1372 179340 183 1283 1167. 226 2261 01 111166 725 225 093 1 10 6 72E-09 31707
09/141941 1343 301 1167 12851 2261 226 001 1285 725 225 1 091 Refill
09/161941 11 161 1639801 134 12851 111812261 2231 .031 1121 685 203 11 1151 1 ME-08 362631

Time weighted average for K2 = 8 11BE-09



AppendbcE

LITHOLOGIC BORING LOGS



MAJOR DIVISIONS SYMBOLS1 TYPICAL NAMES
10 Weil-graded gravels or gravel-sand mixtures, little or no

CLEAN GFUVELS GW 0 01 fines
GRAVELS WrrH - k_/

LU I Er THAN 0. FINES 0 Poorly graded gravels or gravel-sand mixtures, Ettle or no
r-4 GP )0

wen MORE THAN 112 OF fines
JLu COARSE FRACTION> y gravels. gravel-sand mixtures

>:> SRAVELS GM satwtu No 4 SIEVE SIZE
ov; XrTH
LU OVER IS% FINES Clayey gravels, gravei-sand-clay mixtures
= a GC
:Z40

too Well-graded sands or gravelly sands, little or no fines
Wz CLEAN SAIQS SW
co A SANDS WrTH

LESS THAN 5% FDES Poorly graded sands or gravelly sands, little or no fines
SPQg=

W MORE THAN 1/2 OF
> COARSE FRACTION< SANDS sands. sand-silt uxtures

No 4 SIEVE SIZE WITH -SM SIty

OVER 15% FffýES SC Clayey sands, sancF-clay mixtures

Inorganic silts and very fine sands, rock flour, sflty or
ML clayey fine sands or clayey silts with slight plasticity

Cn SILTS & CI-AYS(n LU Inorganic clays of low to medium plasticity, gravelly clays,
25 i::ý- CL sandy clays, sity clays, Lean clays
U), LIGUM LIMIT 501 OR LESS
,cnU10 OL Organtc sats and organic silty clays of low plasticity
Z,o -cu Inorganic sits. mqcaceous or diatomaceous fine sandy or

MH saty SOIK elastic sits
SILTS & CLAYS ,oo'

CH / Inorganic clays of high plasticity, fat clays
LIOUID LIMIT GREATER THAN 50%LU 44

0 0 Organic clays of medium to high plasticity, organic silty
H clays, organic saits

HIGHLY ORGANIC SOILS PT J_U Peat and other hg* organic sods

DEBRIS ZONE1 Metal, concrete, plastic, bricK wood, etc.

CONSTRUCTION DEBRISI Concrete, wood, rebar asphaft

SYMBOLS KEY GRAIN SIZE CHART

Bulk or classification sample CLASSIFICATION RANGE OF GRAIN SIZES

U.S. Standard Grain Size
Sieve Size in Millimeters

No sample recovery BOULDERS Above t2a Above 305

-Undisturbed" sample COBBLES 122 to 3" 305 to 76.2

GRAVEL 30 to No.4 76.2 to 4.75
First-encountered groundwater level coarse 3* to 3/4* 7&2 to Is I

bile 314" to No 4 19 1 to 495

SAND No 4 to No-200 4.75 to 0.075
Static groundwater level coarse No 4 to No.10 A 75 to ZOO

seckis No 10 to No.40 2.00 to 0 42S

(IOYR 4/4) Munsell soil color chart fre No 40 to NO-100 1 0 425 to a 075

1990 edition SILT & CLAY Below No-200 Below 0.075
rn

Source ASTM 0 2488-90, based on Unified Sod Classification System =jL)

i Not part of ASTM Classification System 0(B

Prepared for: Urufied Soll Classification
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates



Equipment Moblie CME-75 HSAS

CL
Elevation 5199 23 Date 8124194

.2 Z CL
M

SM, silty sand, fine- to medium-grained sand,
3 some clay 10 YR 81A - light yellowish brown
5 loose nonplastic, dry alluvium
it
12

Color change to 10 YR 7/4 - very pale brown
7
7
6

A
5 ML, sandy silt, very fine- to medium-grained
4 sand 10 YR 81A - light yellowish brown loose.
5 slightly plastic slightly moist calcareous alluvium
6
7
9
10
7 SK silty sand very fine-grained sand. some

clay 10 YR 713 - very pale brown, loose
10 nonplastic slightly moist. calcareous micaeous

10 alluvium

12 Color change to 10 YR 614 - light yellowish
13 brown

15
10

CL, clay with silt and mecUum-grained sand 10 YR14 5/6 - yellowish brown medium dense nonplastic
15 dry
9 10 YR 6/6 - browrush yellow
19
20 15 Color change to 7 5 YR 5/6 - strong brown
17
33
so Color change to 10 YR 5/6 - yellowish brown
29
35
31 Lolor change to 10 YR 8/2 - white caliche due
19 to increase in calcium carbonate
19
26 Increase in coarse-graned sand, color change
20 20 to 10 YR 5/6 - yellowish brown. abundant white
32 cahche

65 Color change to 10 YR 7/4 - very pale brown
23
28

35 Color change to 2.5 Y 514 - light ofive brown
17
28
47

Notes LAS HNU/OVA readings equal to SANDSTONE, very fine- to fine-grained sand.
zero parts per million 40 10 YR 6/6 - brownish yellow locally very thinly
except as indicated 96 25 laminated low hardness friable. moist, calcareous2 Munseli color chart weathered bedrock <used

Prepared for: Figure I
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBIIO84

Prepared by:
Harding Lawson Associates

Page I of 7



Equipment Mobile CME-75 HSAS

CDE EJevation 5199 23
z (a 

Date 8/24/QA

in 
25 ...

23 CLAYSTONE. 10 YR 6/2 - light brownish gray
Al soft plastic moist black lignite fragments,

CLA
83 gypsum weathered bedrock
48 Abundant iron oxide and gypsum, minor lignite

58GA Color change to 2 5 Y 5/3 - light olive brown

32
53

3071 30 INTERBEDDED CLAYSTONE AND SLTSTONE TO

65
SANDSTONE, 2-5 Y 5/2 - grayish brown.
splitting along sandy layers at I- to 2-inch

50 intervals, weathered bedrock
26
123
100 SANDSTO14E. very fine-grained sand to silt 2.526 Y 6/4 - light yellowish brown, low hardness.
63 friable dry noncemented to locally weakly
75 cemented weathered bedrock
24 35- CLAYSTONE, 2 5 Y 5/3 - light obve brown locally
38 dark gray, laminated, fractured soft, plastic.
50 - iron oxide weathered bedrock

INTERBEDDED CLAYSTONE AND SILTSTONE. ib
YR 5/3 -light olive brown. low and high angle
fractures some slickensides weathered bedrock
CLAYSTONE, very iihe-grained sand, 2 5 Y SIB

light olive brown soft, plastic weathered
bedrock

Color change to 2 5 Y 510 - gray high angle
fractures with iron oxide and slickensides

40- SANDSTONE to SLTSTONE. very fine-grained
sand to silt massive no bedding. not fractured,- moderately hard. moderately strong, 10 YR 412 -
dark grayish brown, calcareous, weathered
bedrock

CLAYSTONE, locally intensly fractured with
iron-oxide fractures/ joints, breaks in blacky to
concoidat fragments 2 5 Y 4/2 - dark grayish
brown weathered bedrock

Color change to 2 5 Y 413 - olive brown

SILTSTONE, clayey 2 5 Y 5/4 - light olive
45- brown. thinly laminated. low hardness. friable,

weathered bedrock

CLAYSTONE, 2.5 Y 4/3
weathered bedrock olive brown. fractured,

L

SANDSTONE. very fine- to fine-grained sand,
2 5 Y 614 - fight yellowish brown low hardness,. rot) 'I
riable,. compacted, uncemented, weathered

X bedrock

P oc
CLAYSTONE, 2.5 Y 4/3 - olive brotin. weathered

YSTONSANDS _ roý

Lbedrock

r"SANDSTONE, very tine- fine-grained sand,
locally s.ltý

so-- locally silty. 2 5 Y 6/4 - light yellowish brown
and 2 5 Y 7/6 - yellow low hardness. friable,
compacted noncemented

Prepared for: Figure I
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBIIO94

Prepared by:
Harding Lawson Associates

J
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EQmpment Mobile CME-75 HSAs

Elevation 5199 23 Date 8124194
Z CI
Z Q.
X_ 50-

CLAYSTONE, 2-5 YR 5/2 - grayish Drown. thinly
- laminated closely fractured soft, plastic,

slightly to nonweathered bedrock, iron oxide
fractures and horizontal partings silty
lamination, trace thin black lignite laminations.
bedrock

2 5 Y 4/2 - to 2 5 Y 3/2 - dark gray brown to
very dark gray brown. very thinly laminated,
closely fractured

55-

Becomes lignitic, color change to 2 5 Y 3/2 - to
2 5 Y 2/0 - very dark gray brown to black,

60 thinly laminated
Color change to 2 5 Y 513 - light olive brown due
decrease in lignite

SANDSTONE. very fine-grained sand silty,
clayey 2 5 Y 513 - light oilve brown. moist, low
hardness friable compact non-to weakly
cemented noncalcareous bedrock
CLAYSTONE, 2 5 Y 4/2 - dark grayish brown
thinly laminated soft plastic iron oxide on low
angle to horizontal parting spaced I to 3 inches
bedrock

Becomes lignitic color change to 10 YR 3/2 -
very dark grayish brown. very thinly laminated,
soft plastic lignite fragments bedrock

Mottled olive and gray

70

lIGNITE, 2 5 Y 2/0 -black flaky coal-like
material moist bedrock

CLAYSTONE. 10 YR 312 - very dark gray brown,
10 YR 312 to 10 YR 212 - very dark brown thinly

T laminated low hardness plastic iron oxide, waxy,

LIGNITE black thinly Laminated tow hardness
friable fissile locally clayey, moist, bedrock

Prepared for. Figure I
Program Manager f or
Rocky Mountain Arsenal
Commerce C4ty, Colorado Log of Boring BRB11094

Prepared by:
Harding Lawson Associates
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Equipment Mile rME-75 HSAI
> = A! - I

Elevation 51-9-9 23 Date 81241
CIL a) 0

0 (n

75-

Contains thin laminations of crushed olive-brown
blocky clay fragments and very light grayish
ashy material

80

CLAYSTONE. 2 5 Y 3/0 - very dark gray low
hardness Plastic moist iron oxide bedrock

85
Becomes silty

SANDSTONE, very fine- to fine-gratned sancL
some sift, 2 5 Y 7/0 - light gray low hardness,
friable moist bedrock

It

CLAYSTONE, 2 5 Y 3/0 - very dark gray,
massive (no fracturing) low hardness plastic
moist bedrock

Glo- 2 5 Y 3/2 - very dark grayish brown

- silty 2 5 Y 410 - dark gray to 2 5 Y 2/0 - black,
- low and high angle slickensides

1100

Prepared for: Figure I
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB11094

Prepared by:
Harding Lawson Associates
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EtImpment Mobile CW-75 HSAS
Date $L241

Elevation 519-9 2-3 94
3: 4) CD
0 CL 0 co

100

105

Becomes lignitic color change to 2 5 Y 2/0 -
black to
2.5 Y 3/ 0 - 2.5 Y 3/0 - very dark gray, thinly
laminated local shiny black lignite layers
sfickensides at 107 8 f t soft plastic,
locally fissile locally waxy moist. lignite
content decreases downward at 109 0 ft.
becomes ashy

15-

SANDSTONE. very fine-grained sand, 2 5 Y 5/0
gray and 2 5 Y 410 - dark gray, layered,

INTERBEDDED SILTSTONE to CLAYSTONE. some
very fine-grained sand 5 Y 3/1 - very dark
gray (moist) 5 Y 7/1 - light gray (dry) soft to
low hardness plastic to friable moist local
slickensides bedrock

12

Increase in sand content laminated, locally
interDedded, becomes moist

125 Trace silt CV

Prepared f or: Figwe I
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBIIO94

Prepared by:
Harding Lawson Associates
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Equipment Mobihe Cff,-7514SAs

S 5199.23

Elevation Date 8/24/QA
3: 0)

Z a C3 (n

Increase in clay and silt content

Interbedded silty claystone. clayey siltstone
and very fine sandstone

13
Color change to 5 Y 5/1 - gray

S ANOSTONE, very fine- to fine-grained sand,
locally clayey, 5 Y 5/1 - gray low hardness

X :-:- friable. moist bedrock

CLAYSTONE and SILTSTONE. alternating fight

135- gray and dark gray laminations

SANDSTONE, very fine- to fine-grained sand,
25 Y 5/1 - gray, local thin layer lignitic
lam nations low angle low hardness friable,
m 01ist bedrock

CLAYSTONE. occasional silty sandy laminations,
high angle fractures silt content increases,
bedrock

SILTSTONE, minor clay, 2 5 Y 411 - dark gray.
low hardness friable moist bedrock

CLAYSTONE AND SILTSTONE. black waxy.
140- massive soft, low hardness, plastic slickensides

bedrock

SANDSTONE, fine-grained sand, some
medium-grained sand, 2 5 Y 5/0 - gray to 5 Y
4/1 - dark gray, low hardness, friable, moist.
noncalcareous bedrock

X

145
CLAYSTONE. 5 Y 2 5/1 - black, thinly laminated
zones, little fracturing low hardness. plastic.
moist unweathered, bedrock, somewhat fissile.
high angle slickensides

150-
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W
Equipment Mobile CME-TS HSAs

CL E Elevation 5199 23 J)ate 8/24194
3: Z OL 4) co
0 0 Cn

INTEREEDDED CLAYSTONE AND SILTSTONE, 5
Y 8/1 - gray and 5 Y 411 - dark gray, massive
thinlaminated fractured lowtomoderateiy
hard, plastic, friable moist bedrock Silt content
increases downward mterbedded claystone and
very fine- to fine-grained sandstone/sandy
siltstone

-A _\_

Interbedded sandstone and clayey sittstane

155

ISO

- LIGMTE, fractured deformed bedrock

185-

CLAYSTONE. 2 5 Y 2/0 - black, massive little
fractured, soft, low hardness plastic moist
bedrock

170

Color change to 5 Y 3/1 - very dark gray

175 Total depth - 175 1 ft

Prepared f or: Figure I
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Rocky Mountain Arsenal
Commerce Oty, Colorado Log of Boring BRBIIO94
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Equipment Mobile C-ME-75 HSAS

>
0-ý CL4* S Elevation 5282 79 Date 8124194-3r W ca

0 cr)

ML, silty with medium-grained sand, 10 YR 614 -17 yellowish brown stiff nonplastic dry, minor
is roots, alluvium
8 CL. clay with some silt and sand 10 YR 5/4 -
10 yellowish brown. very stiff, nonplastic, dry,
9 alluvium

5 SM, silty sand with clay medium-grained sand.
10 YR 614 - light yellowish brown. loose,5 np tic

_ w
nonplastic, dry, minor white calcium carbonate,

5 silt and sand content decrease with depth,uv'umalluvium
7 5 ML, silt with some fine- to medium-grained sand
7 and clay. 10 YR 8/3 - pale brown nonplastic,
8 dry to very slightly moist, carbonate matrix

alluvium

Increase in very fine-grained sand

A CL. clay with medium- to coarse-grained saný:_
some silt 10 YR 814 - light yellowish brown

I medium stiff nonplastic slightly moist,
5 calcareous matrix alluvium
20 Color change to 10 YR 8/2 - white, very stiff.
27 dry
28 10
17
17
13
8 CUSC clay with fine- to mechum-grained sand
10 and silt 10 YR 7/4 - very pale brown stiff,
a
8 Color change to 10 YR 7/8 - yellow
8
10 Zone of white calcium carbonate crystals, color
]a change to 10 YR 614 - light yellowish brown

2S SILTSTONE. 2 5 Y B/6 - olive yellow very
35 fine-grained sand and silt to trace clay, low

hardness. friable dry locally weakly cemented,
calcareous matrix oxidized, weathered bedrock

40 CLAYSTONE, 5 Y 4/3 - olive, fractured, high
32 and low angle with iron oxide on fracture. soft
T7 plastic slightly moist gypsum and calcium
28 carbonate weathered Denver

38 Color change to 2 5 Y 5/2 - grayish brown
20 trace silt, dry, iron oxide gypsum oxidized

27 20 noncalcareous, weathered bedrock

28 Low angle fractures spaced 1/2 to 1 inch, high

17 angle fractures spaced 2 to 8 inches

31 Color change to 2 5 Y 410 -dark gray along
fractures oxidized to 2 5 Y 13/2 - light yellowish33 gray

Color change to 2-5 Y 512 - grayish brown,105 intensely fractured to crushed
50 INTERBEDDED CLAYSTONE and SILTSTONE to

Notes I AN HNU/OVA readings equal to 35 VERY FINE-GRAINED SANDSTONE. 2 5 Y 7/3 -
zero parts Per Million 70 Pale yellow low hardness, friable, dry to slightly
except as indicated 107 25 moist with very minor iron oxide on low angle
2 Murtsel color chart fractures layers 112 to 2 inches thick, C'I
used weathered bedrock
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Equipment Mobile CME-75 HSAs

Elevation 5282 79 Date 8124194
X => CL 4) CD
0 0

F5 25

62
71 CLAYSTONE. paper thin silty parting spaced I
so to 2 inches apart 2 5 Y 412 - dark grayish

brown, low angle fractures, intensely fractured
to crushed, soft. plastic, slightly moist, iron oxide
on fractures. oxidized weathered bedrock

Color change to 2 5 Y 5/2 - grayish brown
SANDSTONE, medium-grained sand 10 YR 418 -
dark yellowish brown, low hardness fraible.

30 weathered bedrock

CLAYSTONE. 2 5 Y 4/2 - dark grayish brown,
j'>aDery to shaly, thinly laminated intensely
fracturecl, soft. plastic, moist. iron oxide on
fractures laminations, weathered bedrock

35

Becomes lignitic, color change to 5 Y 3/1 - very
dark gray closely fractured

4

Thin sand lens approximately 0 1 inch thick

Thin sand lens approximately 0 1 inch thick

.... SANDSTONE, 2 5 Y 814 - light yellowish brown
compact noncementeC soft to low hardness,

45 friable,loose moist weathered bedrock
DITERBED13ED CLAYSTONE AND SILTSTONF_
2 5 Y 4/2 - dark grayish brown locally shaley
thmly laminated closely fractured soft, plastic,
moist, local iron oxide, weathered bedrock

Sandstone lenses fine- to very fine-grained
50 sand 2.5 Y 5/8 - light olive brown. moist

Prepared for: Figure 2
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Equipment MOile- M-75 HSAs

;D
CL 528279 Date 8/24194

Bevation3: Q 4)
.2 QL C3 W

50 ...

SANDSTONE. 2 5 Y 5/6 - light olive brown very
fine-grained sand, locally clayey with occasional
very thin bedded gray claystone, thinly

:X laminated no to low hardness, no strength
moderately fractured moist, weathered, varible
iron oxide along laminations, weathered bedrock

80

65

INTERSEDDED SILTSTONE/CLAYEY
SILTSTONE/ SILTY CLAYSTONF_ 2-5 Y 5/6 -
light olive brown somewhat platey. thinly
laminated closely fractured low angle soft to
low hardness base of iron oxide oxidation,
weathered bedrock
SILTY CLAYSTONE. 5 Y 3/1 - very dark gray.

70 shaley laminated, closely fractured. low and high
angle, soft, plastic, moist, bedrock

LIGNITE, 2 5 Y 2/0 - black, shaley. thinly
laminated closely fractured, low hardness,
friable, moist. coal-like, bedrock

75-
CM
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Ewpillient Mobile CME-75 HSAs
;D >

6 Elevation 5262 79
CL 0 CD 

- Date 8/24/94
Z OL C3 in

75

CLAYSTONE, 2 5 Y 4/0 - dark gray, occasional
shaley laminated close to moderately fractured,
soft plastic unweathered, moist. trace lignite80 fragments bedrock

Lignitic from 78 7 to 79 2 feet

Thin sand lens, gray very fine-grained sand
uncemented

85
SANDSTONE, fine-grained sand silt, 10 YR 411 -
dark gray, thinly laminated low hardrimess
friable, unweathered moist bedrock, thin zone
approximately 0 1 inch thick, moderately
cemented locally clayey
Pyrite nodule
CLAYSTONE, 10 YR 411 - very dark gray
slabby, locally laminated, moderate to little
fractured soft plastic moist bedrock
Pyrite and lignite at 85 9 to 86 0 feet. some high

90 angle slickensides

Intensely to closely fractured claystone,
slickensides

95- INTERBEDDED CLAYSTONE. SILTSTONE.
SANDSTONE. 2 5 Y 2 5/1 - black (claystone) to
5 Y 511 - gray (sandstone) thirily laminated
interbedded claystone and siltstone thinly
bedded sandstone, little fractured to massive
soft to low hardness plastic to friable, moist
soft sediment deformation features in
interbedded siltstone claystone varied fracture
filling. sandstone lenses 3 to A inches thick poor
to moderately cemented fine-grained sand, well

4 sorted rounded, quartz. iron oxide, feldspar,

ýJ 
bedrock

Do- Color change to 5 Y 2.5/1 - black

Prepared for: Fivre 2
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Equipment MobileýCME-75 USU

0- OL
Elevation 5262 79 Bate 8124

QL C3 U)
100

LIGNITIC CLAYSTONE, black to very dark
brown-black occasional shaley, thinly laminated
close to moderately fractured with occasional
slickensides, soft to low hardness, plastic, locally
friable. moist bedrock
CLAYSTONE. 2 5 Y 2/0 black, blocky to massive,
locally thinly laminated. moderately fracturecl,

105 plastic, moist, bedrock

INTERBEDDED CLAYEY SILTSTONE. SAN13STONE
and MINOR CLAYSTONE, 2 5 Y 5/0 - gray,
massive to blocky, locally thinly
laminated (alternating siltstone/claystone
laminations) moderately fractured, low angle,
occasional high and vertical fractures, soft to
low hardness locally weak to friable to plastic
moist bedrock pyrite nodule at 107 0 feet
SANDSTONE. thinly laminated, low to moderately
hard, weak to friable. moist bedrock

110

CLAYSTONE. locally silty with minor siltstone
interbeds mottled, 2 5 Y 5/0 - gray and 2 5 Y
3/0 - very dark gray, blocky to massive. locally
thinly laminated, moderate to little fractured.

115 soft to low hardness. Plastic, moist, soft
secliment deformation features trace lignite,
waxy bedrock

Grades to very dark gray claystone
CWor change to 2 5 Y 410 - dark gray

120 SILTSTONE, 2 5 Y 5/0 - gray, massive to
blocky, thinly laminated, moderately fractured
low and high angle. slickensides (high angle),
bedrock

125
CV
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JEqupment Mobile CHg-75 HSAs

Elevation 5262 71) Date SIZA-10-4
Z Cý

125

13

SANDSTONE. 2 5 Y 410 - dark gray, caliche
fracture filling high angle fracture contact.
2 5 Y 6/1 - gray with green cast,
low hardness, friable, moist bedrock

135

CLAYSTONE. 2.5 Y 2/0 - black, locally mottled
to 2 5 Y 510 - gray. some green-black streaks
massive to blocky occasional thinly laminated
close to moderately fractured occassional high

- angle srickensides soft to low hardness, plastic,
moist, scattered white flecks bedrock

140-

INTERBEDDED CLAYSTONE AND SILTSTONE, 5
Y 5/1 - gray. massive thinly bedded
occasionally thinly laminated moderately to
closely fractured high and low angle fractures.
low hardness. friable moist trace organics,
bedrock

14

CLAYSTONE. 2 5 Y 2/0 - black, massive
occasional shaley. occasional thin laminated,
closely fractured soft to low hardness, plastic,
raoist unweatherecL waxey, slickensides on high
angle fracture black organic (lignite), fracture
filling and fragments, bedrock

ISO C4
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Equipment Mobile r-ME-75 HSAS

CL
Elievation 5262 79 Date 8124194

150
Color change to 5 Y 3/1 - very dark gray

Black coal seam, approximately 0 5 inches thick,

155 brittle blocky break
Becomes fignitic. 2 5 Y 2/0 - black. thin
laminated closely fractured high angle
slickensides, low hardness, plastic moist
scattered fine-grained white flecks bedrock

High angle slickensides

ISO Lignitic claysonte black and lignite fragments,
pyrite and calcite fracture filling
SANDSTONE. fine-grained sand to 5 Y 511 -
gray, slabby to blocky. laminated to very thinly
bedded moderately fractured. low to medium
abgle with thin black organic material on
fracture low to medium hardness, weak to
friable moist bedrock

SILTSTONE, 2 5 Y 5/0 - gray, thinly
laminated (varved) low to moderately hard
f iable to weak, unweathered, bedrock

165
CLAYSTONE. 2 5 Y 5/0 - and 2 5 Y 410 - gray
and dark gray occassional silty massive
occassional intensely fracutured, high angle
slickensides soft to low hardness, plastic. moist.
bedrock

ITO Total depth 170 0 ft

175-J
CU
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---------- --------

Equipment Mobile CME-75 HSAs

>.
C"-g -C' a Elevabon 5239 41
n CL W ID 

Date 8/30/9A
Z CL 0 U3

M 3:- 0
4 SC. sand, very fine-grained sand with silt and

clay 10 YR 614 - light yellowish brown, loose,
plastic dry, fine roots alluvium

CL clay with silt and fine- to medium-grained
sand, 10 YR 6/4 - light yellowish brown. medium

5 stiff, plastic dry caliche alluvium
A

SC. sand with clay matrix. fine- to very
t2 fine-grained sand, some granules 7 5 YR 514 -

7 brown, medium dense, loose, dry, cahche alluvium

8 CL. clay with medium- to coarse-grained sand
10 10 YR 812 - white very stiff plastic dry
10 abundant caliche matrix, iron-oxide staining
13 alluvium
18
is
17
21 Increase in coarse-grained sand granules and
12 fine pebbles color change to 10 YR 6/4 - light
14 1 Cc) yellowish brown
12 SW, 10% clay matrix silt to very coarse-grained
7 sand some granules and small pebbles 10 YR
8 7/3 - very pale 6ro-n mechumk dense. locally

10 plastic moist alluvium
CL, clay with sand and gravel 10 YR - 713 -6 very pale brown stiff to very stiff plastic moist,

12 with thin layers of very fine-grained sand
11 locally caliche with minor caliche, sand lenses -
7 SW to S? 0 01-trich to 0 10- inch tNck alluvium

10
13 15 SW, sand with some sift very fine- to very7 coarse-grained sand. 10 YR 814 - light yellowish
8 brown. medum dense nonplastic moist fining
8 downward alluvium
12 SP. very fine-grained sand lens
24 CL, clay with sand and granules (pea gravel). 10
21 YR 6/4 - light yellowish brown, medium

dense (very stiff) nonplastic moist alluvium

Color change to 10 YR 513 - brown, becomes
plastic10

4 20 SW sand, very fine- to very coarse-gramed

8 sa;d with silt and gravel 10 YR 7/3 - very pale
brown dense loose dry alluvium
SP, sand. very fine-grained sand 10 YR 6/3 -

0 pale Drown medium dense nonplastic moist,
12 noncalcareous subrounded alluvium
20 th 40% very fine-grained sand and.. : CL, clay W1 - light yellowish brown stiff,22 silt. 10 YR 614

plastic moist iron-oxide staining on horizontal
14 partings spaced micaceous, alluvium

Notes I All HNU/OVA readings eQual to 5 SW, sand very fine- to very coarse-grained
zero parts per million 7 sand with granite pea gravel occasionally up to
except as indicated. 9 25 3/4-inch grains dense dry alluvium
2 Munsell color chart
used SP. sand 10 YR 713 - very pale brown medium -;c

dense loose dry, alluvium
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Equipment Mobile C-ME-75 HSAs

Elevation 5239 41 Date 8/30194
Ci cu to

Z a 0 co
25

Very fine gravel 1/10-inch to 1/4-inch gravel

SANDSTONE, very fine-grained sand and silt, V)
13 Y 7/3 - pale yellow, low hardness friable dry to
20 slightly moist oxidized, fines downward to
47 siltstone 2 Y 7/2 -light gray. weathered
28 bedrock

42 CLAYSTONE. silt and very fine-grained sand. 2.5
Y 7/2 - light gray. locally 2 5 Y 8/8 - oliveso 30 yellow, soft plastic to friable. slightly moist,

so weakly cemented slightly cohesive. oxidized.
weathered bedrock

too SANDSTONE. fine- to coarse-grained sand
rounded silty. no hardness no strength, moist.

.... weathered local weak cement oxidized.
weathered bedrock

so
68
so

35

Color change to 2 5 Y 7/3 pale yellow, friable

Medium- to coarse-grained sand some gravel,
color change to 2 5 Y 5/6 - light olive brown

40

45

lightly more cohesive occasional horizontal
Iron-oxtde stained layers. color change to 2 5 Y

50. 514 - Fight olive brown
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Ewpillient Mobile CK-75 HSAS

CL

Elevation 5239 41 Date 8/30/94

0 W

50)

55

80

65

CLAYSTONE. 2 5 Y 414 - olive brown shaley
laminated intensely fractured soft plastic
moderately weathered, moist. bedrock, lignitic

.. claystone, 2 5 Y 3/2 - very dark grayish brown,
shaley, fractured soft, plastic, weathered, moist.
local heavy iron oxide weathered bedrock

SANDSTONE. medium-grained sand, low

L hardness friable moist weathered bedrock

CLAYSTONE. 2-5 Y 2/0 - black, slabby. thinly
laminated closely fractured soft plastic moist

To- lignitic moderately weathered bedrock

Color change to 2 5 Y 5/0 gray interbedded
with 2 5 Y 3/0 - very dark gray becomes
silty/sandy with thin lignitic laminations, some
layers have dark green black cast

SANDSTONE, medium-grained sand, shaley. low
hardness fraible moist itgnttic fragments,
bedrock

75
-C
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Eqwpment Mobile CME-TS HSAs.

Elevation 5239 41 Date 8/30/94

75--

CLAYSTONE, silty, 5 Y 5/2 - olive gray, closely
fractured, soft to low hardness, plastic, moist,

- tron-oxtde staining weathered bedrock

Color change to 5 Y 411 - dark gray
80-

SANDSTONE, very fine-grained sand 2 5 Y 5/0
410 - gray to dark gray. slabby. thinly

laminated moderate to little fractured low
hardness friable interbedded with claystone
and siltstone bedrock

go- CLAYSTONE. silty, 10 YR 411 - dark gray.
massive thinly laminated little fractured. low
hardness plastic moist, bedrock

SANDSTONE, silty to very fine-grained sand 5
Y 411 - or 10 YR 411 - dark gray, massive, thinly
laminated little fractured to massive, low to
moderately fractured, hard, friable to weak.
moist cross-bedded sandstone bedrock

100--
CU
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< Equipment Mobile Ct!Z-75 HSAs

Elevation 5239 41 Date .81$0194G) 9D
0 Z CL 0 CO

JOO----4

.X1

105-

CLAYSTONE, 5 Y 2 5/1 - black thinly laminate(:L
closely fractured. high angle. slickensides low
hardness (soft) plastic moist lignitic. bedrock

110

t
Total depth 112 9 feet
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S Equipment Mobile CME-75 HSAS

CL
r= Elevation 5199.23 ft Date 11118124-

2 CL 0 in
65

CL, clay. 35 percent very fine-grained sand.
3 10 YR 5/3 - brown. medium dense. nonPlastic dry
6 caliche. alluvium
2
14 Color change to 10 YR 614 - light
3 yellowish-brown, increase in very fine-grained
5 sand and trace medium-grained sand

3

Heavy white caliche zone

3 Heavy white caliche zone. clay increase to 45
percent

10 SP, silty sand very fine- to fine-grained sand
V, 10 percent clay 10 YR 6/6 - brownish yellow.

17 very dense, dry to slightly moist alluvium
30
45 Decrease in clay content to 5 percent,
so 10 percent very fine-grained sand 85 percent
25 tine-grained sand
35
so

27 R55
37
45
so
21
Is CLAYSTONE. 5 YR 411 - dark gray, unable to

determine bedding medium hard to weak,
14 iron-oxide stained. weathered bedrock
Is Claýstone becomes bentonitic with orange
12 oxidation
21
30 20- Total depth 20 0 feet34

Notes LAIT HNU/OVA readings equal to
zero parts per million
except as indicated 252 Munsea color chart
used
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Equipment -Mobile CME-75 HSAs

CL
QL S Elevation 5206-28 ft Date 11/15/94X

to

4 CL. sandy clay, 40 percent very fine-grained
sand, 10 YR 5/6 - yellowish brown dense

7 nonplastic dry, micaceous. cemented alluvium
9
7
4

8
7 Color changes to 10 YR e/4 - light yellowish
10 brown with increased caliche
8 Color changes to 10 YR 5/6 - yellowish brown
to mottled caltche
is

20
4
10 Coarsening downward becomes moist

10
to
9 Rounded granite cobble and decrease in clay

10 10 content

5 Increased very fine- to coarse-grained sand

5 low plasticity slightly moist

6 Change in color io 10 YR 614 - light yellowish
brown

Thin layer of coarse-grained sand

15

Increase in coarse-gramed sand and gravel,
medium plastic

Interbedded thin medium- to coarse-grained
,ýand lenses between 17 7 and 20 3 f t

6 - branite cobbles and pea gravel

20-
SC, clayey sand. very fine- to medium-grained
sand trace coarse sand 10 YR 5/4 - yellowish
brown medium dense, medium plastic, moist.

0 alluvium

Increase in clay content to 45 percent sand
coarsening

Color changes to 10 YR 614 - yellowish brown,

Notes I Al HNU/OVA readings equal to decreased clay content

zero parts per million Some rounded gravel
except as indicated 25--
2 Munsell color chart CU
use(L
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Equipment Mobile CMS-TS HSAs

Elevation 5208.2e ft. Date 11115194
CL

25

Coarse sand layer with gravel from 28 0 28 3 ft
with sequence coarsening downward to 29 8 ft

Granite cobbles

30 CLAYSTONE. 2 5 YR 5/3 - light olive brown.
closely fractured medium hard, friable.
weathered bedrock

High angle fractures and color change to 10 YR
6/8 - brownish yellow, oxidation along fractures
and bedding

Thin interbedded very fine-grained sandstone
layers alternating 10 YR 8/6 - olive yellow and
2 5 Y 717 - light gray sandstone
Total depth - 33 7 feet

35-J
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Eqtupment Mobile CHE-TS HSAs
;D >

CL
r= Elevation 52107 ft Date 11118194

OL

4 M. sandy clay, 40 percent very fine-grained
sand 10 YR 4/3 - brown to dark brown, dense,
nonplastic, dry alluvtum

10
8
4
5 Color change to 10 YR 614 - yellowish brown due
7 to increased caliche. trace coarse sand
9
to

Color change to 10 YR 8/3 - very pale brown
4 due to increased caliche
4

Trace rounded gravel

7
7

SC. clayey sand, 20 percent clay. very fine- io
fine-grained sand trace coarse sand 10 YR 6/3

pale brown medium dense nonplastic dry
to alluvium

Rounded cobbles Color change to 10 YR 6/e -
brownish yellow becomes moist

4

5
15 Granite cobbles
25
15
30 SANDSTONE. 90 percent fine-grained sand,
so trace clay 10 YR 6/6 - browrvsh yellow.

weathered bedrock
24
35
so

3S
so

35 20 Increase in clay to 15 percent and very
so fine-grained sand to 10 percent, decrease in

fine-grained sand to 75 percent

35
so

35Notes I AD HNU/OVA reacings equal to
zero parts per million A5
except as indicated so 252 Munsell color chart CV
used_
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Equipment MOP-He CHEnZ-5 HSAS

>
0 OLC1. It Elevation 62107 ft Date 11118194X M cl 0) to

0 CO

25 ...

30
so

CILAYSTONE. 5 YR 412 - olive gray with white
caliche brownish red oxidation zones, medium

8 [-hard friable. weathered bedrock
13
t9
27

30 Total depth 30 feet

35-
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Eclwpment Mobile CME-75 HSAS

Elevation 5215 21 ft Date 12/05/94
W to

(0)

2
8 SC, clayey sand very fine- to fine-grained
18 10 YR 414 - dark yellow brown to 10 YR 614 -
15 light yell wish brown medium dense, nonplastic
7 dry rooted cahche-rich, 81111VIUM

8 90 percent caliche-rich clay
7

14 06

7

7 SP, sand, very fine- to fine-grained. 10 YR 614
light yellowish brown, medium dense. nonplastic,

dry, lightly cemented alluvium
SANDSTONE. very fine- to fine-grained sand,

14 ... 10 YR 714 - very pale brown massive, no visible
no visible fracturing low hardness, friable,27
noncemented weathered bedrock

so 09
7 1 percent medium-grained sand

33
50

10

Color change to 10 YR 6/6 - brownish yellow

L4 20- Color change to 10 YR 518 - yellow brown

14 _j .1
Notes LAII HNU/OVA readirigs e4ýual to I Color change to 2.5 YR 514 - light olive brown

zero parts per Million
except as indicated_ 25
2-Munsell color chart CU
used
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Eqwpment Mobile C.Mg-75 HSAS

OL Elevation 5215,21 ft Date 121051943C M OIL) to
0 Z OL

25

CLAYSTONE, 10 YR 411 - Clark gray to 10 YR -
711 light gray. unable to determine bedding
closely fractured low hardness friable a3hy
welded appearance oxidized, weathered

7 30 bedrock
7 2.3
21
21

35ý

Color change to 2 5 YR 4/4 - olive brown,
becomes slightly moist

40- Color change to 10 YR 5/6 - yellowish brown

TQtI depth 43 feet

45-
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EQuipment Mobile CME-75 HSAS

CL
e Elevation 5223 39 ft Date 11/f7/943: Q. 0 0

CX 0 W

CH. sandy clay, 40 percent very fine-.gramed
sancl. 10 YR 5/3 - brown hard noriptastic. dry

14 rooted caliche cemented, alluvium
is
20 17 Heavy white caliche
is
16
18 SC. clayey sand, very f me- to f me-grained
20 sand, 40 percent clay 10 YR 514 - yellowish
0 brown medium dense to hard, dry. caliche,
12 3S cemented, alluvium

17
20
9 Slight increase in clay content. low plasticity
10 trace coarse sand and fine gravel
8
15 35 Color change to 10 YR 5/3 - brown to 10 YR 413
9 - dark brown with 10 YR 813 - very pale brown
2
2
2 10
6
7 20 Decrease in clay and caliche increase in very
9 fine-grained sand
7 Sand becomes p00Tly sorted and 5 percent
8 coarse-grained sand, trace gravel
8 Color change to 10 YR 5/4 - yellowish brown
10 increase in clay

Cobbles encountered from 15 to 20 5 feet

10
11
8
10
12

20
8
7
is 20
45

SANDSTONE, fine-grained. 10 YR 7/1 - right45 gray with oxidized layers thin bedding no
50 fracturing weak to moderately weak, weathered
25 bedrock
so 10 percent clay 10 percent fine-grained sand,

68 percent medium sand 2 percent
coarse-grained subangular sand color change
to 2 5 YR 5.3 - light olive brown

Notes I All HNU/0VA readings equal to
zero parts per malion
except as indicated 252 Munsell color chart CIS
used

Prepared for: Figure 8
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABITT94

Prepared by:
Harding Lawson Associates

Page I of 2



Eqwpment Mobile CME---75 HSAS

Elevation 5223.19 tt- Date 11/17194
Q.

M =z a
25

12 30 Decrease in medium grains to 50 percent,
so increase in fine-grained sand to 30 percent. 10

percent very fine-grained sand 5 percent
coarse-grained sand

35 Color change to 10 YR 614 - light yellow brown

40-

Water level estimated during drilling

45-- Becomes saturated

Total depth 45 0 feet

50

Prepared for Figure 8
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABIfTQ4

Prepared by:
Harding Lawson Associates
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Eqtapment Moble CME-75 HSAs

>
Elevation E240 78 ft Date 12/08104

M CL W
06 0 U)

C"
CL. clay. 10 YR 4/2 - dark grayish brown, stiff,2 low plasticity dry f ractured, brecciated

5 claystone fragments gypsum or caliche
it volcanoclastics, alluvium
14
10 Silt increasing color change to 10 YR 414 - dark
10 yellowish brown

10 Color change to 10 YR 7/4 - very pale brown
with caliche

Increase in very fine-grained sand to 10
5 percent color change to 10 YR 6/3 - pale

brown, becomes very stiff with caliche nodules

4 Increase in very fine-grained sand to 30
7 percent. color change to 10 YR 414 - dark
6 brown with caliche
6 Heavy white caliche zone
S 10
7

CLAYSTONE. clasts of clay, oxidized soft,
siltstone layers weathered bedrock

7 Color 2 5 YR 5/2 - gray Drown massive, closely
8 fractured low hardness weak. iron-oxide
10 stained, gypsum weathered bedrock
22
7

SILTSTONE. 2 5 YR 6/2 - light olive brown.
massive moderately fractured low hardness

15 weak, gypsum crystals oxidatioN weathered
bedrock

13 Color change to 2 5 Y 514 - olive brown, trace
21 coarse sand
30

20-

Motes I AN 1,M/OVA readags equal to
zero parts per million 50 SANDSTONE. fine- to medium-grained sand,
exceot as indicated 25 ... pale yellow thin-laminated, low hardness triable,
2 munses color chart dry weathered bedrock CIS
used.

Prepared f or: Figure 9
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASBIIB94
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Harding Lawson Associates
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Equipment Mobile CME-75 HSAS

Cl.
1ý 06 E Sevation 5240 78 ft Mte 12/06/94
CL (D to

0
M

2

Color change to 2 5 Y 5/6 - olive brown.
medium-grained sand becomes moist

30-

35 ----- Total depth 35 0 feet

40

Prepared for: Figure 9
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASBIIB94
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Equpment Mobile CME-7514SAS

Et Oevation 5234 48 ft - Date .12107/QA
ca W

M

A CL. clay, fine- to coarse-graned sand, 10 YR
514 - yellowish brown hard nonplastic, moist.

12 alluvium

25

25

14

15

19

19

5

6 White caliche zone

Color change to 10 YR 814 - light yellowish
brown trace very

3 --- coarse-grained sand, becomes soft. calcareous

A SC. clayey sand fine- to medium-grained sand,

45 10 trace coarse-grained sand, 10 YR 714 - very

42 pale brown, nonplastic dry, alluvium

Color change to 10 YR 7/3 - very pale brown38
becomes very dense caliche- cemented

36
SANDSTONF- medium- to coarse-grained sanZ
trace fine-grained sand and silt, 10 YR 7/4 -

28 very Dale brown low hardness. triable dry.
so weathered bedrock

Slightly calcareous with iron-oxide staining

Slightly cohesive increase in coarse-graned
sand, noncalcareous

15

20- Fine- to coarse-grained sand, quartz grains.
10 YR 614 - light yellowish brown

Color change to 2-5 YR 414 - light olive brown

Notes I AD HN`U/OVA readings equal to
zero parts per miHion
except as indicated 25M
2 munsell color chart
used

Prepared for. Figure 10
Program Manager for
Rocky Mountain Arsenal

Commerce City, Colorado Log of Boring ASBIIS84

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75 HSAs
CD

X Elevation 5234 48 ft Elate 12107/94
CL

25-

30-

Increase in medium-grained sand

35-

Trace silt becomes slightly moist, color change to
2 5 Y 5/8 - light olive brown

40

CLAYSTONE, fine- to medium-grained sand
2 5 Y 414 - olive brown. moist, weathered bedrock

14 45
22
36 Color change to 10 YR 312 - very dark grayish
50 brown massive to blocky to thinly laminated,

moderately fractured iron-oxide stained, lignitic,
weathered bedrock

50 Total depth - 50 ft

Prepared for: Figure 10
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB11994

Prepared by-
Harding Lawson Associates
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Equipment Mobile CME-75 14SAS
;D 3.

Elevation 5230 59 ft Date 11118194
Q 4) CD
CIL 0 co

0 ML. sift. very fine- to fine-grained, 10 YR 3/3 -
dark brown medium dense, nonplastic, dry

20 rooted alluvium
21
is I " CL, sandy clay very fine-grained sand. 10 YR7 614 - light yellow brown, medium hard,
8 nonplastic dry alluvium
8
12 Color change to 10 YR 4/4 - dark yellowish
7 brown, increase in fine- grained sand and
7 caliche
7
a Color change to 10 YR 814 - light brown
3 mcrease in very fine-grained sand

Color change to 10 YR 7/4 - very pale brown
4 due to increase in cahche
5
4

5 10
7
9
7
7 SC, clayey sand very fine- to coarse-grained

sand 7 5 YR 514 - brown mechum dense
If nonplastic. dry alluvium
12 Becomes well-cemented with caliche 10 percent
13 (obbles and fine gravel
12 ')and coarsening downward poorly sorted,
8 cobbles
8 15 SP-SK. Poorly sorted to silty sand very fine-10 to very coarse-grained sand trace fine gravel,
6 7 5 YR 7/4 - pink loose dry, alluvium

Increase in clay to 5 percent, 3-inch-diameter
11 granite cobbles

2 20 SW-SM, well-graded sand cobbles and gravel,
21 10 YR 814 - light yellowish brown loose. dry.
26 oxidized alluvium
25

Increase in clay content to 10 percent increase
is in gravel
21

Notes 1 As HNU/0VA reacsrigs equal to
zero Parts Per million 36 SANDSTONE, very fine- to medium-grainedexcept as indicated 50 25
214unsell color criart sand 10 YR 516 - yellowish brown very dense,
used. weak noncemented very thin bedding,

weathered bedrock

Prepared f or: Figure ft
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borhg ASBI2094

Prepared by:
Harding Lawson Associates
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Equipment mobile CME-75 HSAs

>
S Elevation -523Q 5-9 ft Date 11118104
W CD

0
F3 25

35
50

30

Color change to 10 YR 514 - yellowish brown,
cobbles

35-

40-

45

so Total depth 50 feet

Prepared f or: Figxe 11
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12094

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75-HSAs

Cit. E Elevation 5249-27 ft Date 12/1/94W CD
0 b

4 CL. sandy clay. fine- to coarse-grained sand,
10 YR 61A - light yellowish brown, stiff slightly

6 plastic moist caliche alluvium
12
13 Color change to 10 YR 7/4 - very pale brown,
7 sand becomes fine- to medium-grained

8
Q
14 Color change to 10 YR 8/2 - white sand
11 becomes fine- to coarse-grained
if Becomes nonplastic rounded gravel 3/4-inch in
12 diameter
17
10

10

9 Abundant caliche
it
14 .... SANDSTONE. very fine- to fine-grained sand
7 2 5 Y 7/3 - pale yellow low hardness friable

dry. weathered bedrock17
so Color change to 2 5 Y 614 - light yellowish

brown due to increase in caliche

CLAYSTONE. 10 YR 513 - brown to 2 5 Y 5/3 -
light olive brown. low hardness, friable, dry,
weathered bedrock

20- Color change to 2.5 Y 5/3 - light olive brown due
toincreased cahche

Notes I AD HNUIOVA readings equal to 9 Color change to 2 5 Y 5/2 - grayish brown,
zero parts per Million 12 lignitic iron oxide on fracture planes
except as indicated 17 25
2 Munsell color chart cm
used

Prepared for. Figure 12
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASBI2184
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Harding Lawson Associates
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Eqwpment Mobile CME-75 HSAS

CD -6 CL F= Elevation -5249.27 ftX CL W CIO Date 12/7/9,4
0 CL 0 U3
M 25

Color grades to 7 5 YR 312 - dark brown, lignitic
clayshale to 3A ft

30-

Color change to 10 YR 3/3 - dark brown

35-

40 Color change to 2 5 Y 4/4 - olive brown.
becomes soft moist

SANDSTONE, medium- to coarse-grained sand,
2-5 Y 414 - olive brown moist, noncemented,

45 weathered bedrock

so Total depth 50 0 feet

Prepared f or: Figure 12
Program Manager ior
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASS094

Prepared by,
Harding Lawson Associates
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Equipment Mobile CRE-75 HSAs

;D >
0 - Elevation 5238 JA ft Date 11/181943C M CL d) 0

0 CO

0 CL, sandy clay, 30 percent very fine-grained
sand. 10 YR 413 - brown to dark brown, medium

to hard nonplastic dry, rooted. alluvium
14

Color change to 10 YR 814 - fight yellowish
brown due to caliche

Decrease in very fine-grained sand to 15
percent with 15 percent silt

7 Color change to 10 YR 5/4 yellowish brown with
4 10 percent silt and 20 percent very fine-grained
5 5 sand
10
13 Slight increase in very fine-grained sand
5 content to 30 percent. cemented with white
5 caliche trace coarse-grained sand
7
7 Heavy caliche zone

7 10 Heavy caliche zone

13
t3 Hard caliche zone
7
9 9

10
to Trace gravel with rounded granite cemented with
5 caliche
7 15
12
If Sand size increasing with 7 percent

coarse-grained sand with subrounded to
rounded fine gravel

AO percent poorly sorted sand
10
13
0
is 2

SW, poorly sorted sancl. very fine- to very
coarse-grained sand 2 percent fine gravel 10
YR 6/6 - brownish yellow, medium dense dry.

14 partially cemented, alluvium
14
9
to

Notes I An HNU/OVA readings ecual to 5 Increase in clay content
zero parts per minion 10
except as indicated 19 25
2.Munsell coicr criart CV
used

Prepared for: Figme 13
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASBI2294
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Harding Lawson Associates
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Equipment Mobile CME-75 HSAS

>
X Elevation 5238 14 ft

11,9 Date 11118194= Ci. 0) CD
Z Qý

25 Becomes well-cemented, granite gravel and
50 cobbles
12 Increase in gravel and cobbies to 25 percent
10
20
is
13

20
2S Well cemented, cobl:ile-rich, oxided layer
25
7 30 CLAYSTONE. clay with very fine-grained

15 sandstone lens 2 5 YR 814 light yellowish brown.
thinly interbedded low hardness weak, dry

20 weathered bedrock
25
7
15
22 Color change to 2 5 YR 5/4 light olive brown,
30 very fine- to fine- grained sandstone bed

approximately 0 2 foot thick, oxidized, partially
cemented friable

35

Cuttings become moist

It

40

45-

50 .... Total depth 50 0 feet

Prepared for Figtre U
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASM2294
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Harding Lawson Associates
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Equipment Mobfle CME-75 HSAS

:E CL
CL r= Elevation 5248 08 ft Date 11/18AM

CL d) (4no

0 U. sandy clay very fine-grained sand. 10 YR
6/4 - light yellowish brown stiff. nonplastic dry
rooted partially caliche cemented, alluvium

13
13
7
9
9
10 Color change to 10 YR 416 - dark yellowish
5 brown
7 Color change to 10 YR 8/2 - white due to heavy
11 caliche cement
26

5 Very fine- to coarse-grained sand, trace fine
11 gravel poorly sorted color change to 10 YR 614
13 light yellowish brown
18
9 10
to
12 SC, clayey sand very fine- to medium-grained
8 sand trace coarse sand 10 YR 4/3 - dark
2 brown medium dense low plastic dry, alluvium

granite cobble
Color change to 10 YR 414 - dark yellowish
brown slightly moist. thin oxidized stringers

12 appears bentonit3c
8
11 SW/SK sand to silty sand very fine- to
12 15 coarse-grained sand 10 YR 7/4 - very pate

brown medium dense nonplastic dry alluvium9 partially cementecL angular grains, trace fine
7 granite gravel

Becomes loose less well cemented

13
8 Gravel size and content increases some cobbles
12
13
15

20

15 CLAYSTONE. 2 5 Y 5/2 - grayish brown, blocky.
6 - closely fractured, moderately hard, weak dry,
8 moderately weathered bedrock. heavy dark
12 bi owntsh orange oxidation along high angle
13 - fractures gypsum crystals limonitic

8 - Interbeds of papery thin laminated, sandstone.
Notes LAO HNU/OVA readings equal to very frne-gramed sand 10 YR 612 - light

zero parts per million 12 - biownish gray becomes less oxidizedexcept as indicated 12 252-Munsed color chart Becomes more oxidzed heavy black
Used mineralization

Prepared for: FVwe 14
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado L09 Of BOM9 AS812394
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Harding Lawson Associates
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Equipment MobHe CME-75 14SAS

0-
Elevation 5248 06 f t Date 11118194

0 CD

25 Carbonization

Carbonaceous

30-

Becomes less carbonaceous

351

40- Total depth 40 0 feet

45

Prepared for: Figure W
Program Manager for
Rocky Mountain Arsenal
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Equipment Mobile CME-75 HSAS

_E FjeVafjon 5272 46 ft. Date 1210819A3r M 0 CD0 Z CL (n

CL. sandy clay fine- to mechum-grained sand.
10 YR 414 - dark yellowish brown stiff plastic

-\-moist alluvium, noncalcareous rooted
CL. silty clay trace fine- to coarse-grained

15 sand, 10 YR 713 - very pale brown stiff.
nonplastic dry alluvium local caliche

Color change to 10 YR 8/2 - white due to heavy
4 caliche cement
15 Color change to 10 YR 714 - very pale brown,
11 some granite gravel
to SANDSTONE. very fine- to fine-grained sand.
5 2-5 Y 7/4 - pale yellow, low hardness, friable to

weak weathered bedrock weakly cementedso calcareous
Siltstone/sandstone,very fine-grained sand 2.5
Y 7/3 - pale yellow, mottled with white caliche

Color change to 2 5 Y 7/4 - pale yellow

10-

loll

Becomes noncalcareous

20- Sand fine- to medum-grained. 2.5 Y 5/6 - light
olive brown, noncemented noncalcerous dry

Notes I AS HM/OVA readings equil to
zero parts per miflion
except as indicated 25- -2 munses coior chart
used

Prepared for: Figure S
Program Manager for
Rocky Mountain Arsenal
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Equipment Mobile CNE-75 HSAs

5272 48 ft

Elevation Date 1210§194-
CL 4) W

0 CO

25--

30-

35-

CLAYSTIONE, 2-5 Y 3/3 - dark alive brown.
massive thick bedded moderately fractured,
soft, plastic, little weathered, bedrock. moist,

8 40 minor lignite fragments, noncalcareous,
is iron-oxide stained fractures and partings

23
31

Trace silt

50 T -otal depth 50 0 feet cm

Prepared for Figure 15
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borft ASBI2494
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Equipment Mobile CME-75 HSAS

CL W Sevation 5257-30 ft Date 12/08/94
C U)

0
C.L. clay, 10 YR 418 - dark yellowish brown, stiff,
plastic moist, alluvium. rooted, trace sand and
pea gravel

13 Color change to 10 YR 7/3 - very pale brown
mottled with white caliche some silt and very
fine sand

T Increase in sand and sAt content, locally grades
5 to SC clayey sand sand coarsens to fine- to
7 coare-grained
8
13

3
7 SC, clayey silty sand fine- to medium-grained

o sand, 10 YR 814 - light yellowish brown medium
12 dense nonplastic, dry alluvium. mottled with
12 white caliche in veinlets and fractures
a 10
12
14

14

6 CL. sandy silty clay, fine to medium-grained
sand 10 YR 6/4 - fight yellowish brown stiff

12 nonplastic, dry alluvium mottled with white
42 caliche in veinlets and fractures
13 Increase in sand and gravel content some fine-
20 to coarse-graned sand fine gravel color
17 15 change to 10 YR 814 - light yellowish brown and
13 grades to 5 YR 7/4 - pink becomes hard

4 Color change to 10 YR 5/6 - yellowish brown,
8 ecomes stiff decrease in caliche content
12 Gradually grades to entirely white caliche color
13 change to 10 YR 8/1 - white
7

13
SANDSTONE. 2.5 Y 7/4 - pale yellow, low

8 hardness, weak weathered bedrock
13
5 20 CLAYSTONE, 2 5 Y 513 - light olive brown,

sightly f laggy locally thin laminated, locally
13 iniensely fractured, soft plastic, weathered
14 bedrock moist local caliche. gypsum fracture

filling, minor iron oxide

Notes I AD HNU/OVA readings equal to
zero parts per million
except as indicated 252 MunseV color chart CM
used.

Prepared f or: Figure 18
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borft ASBI2594

Prepared by:
Harding Lawson Associates
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Eqwpment Mobile CME-75 HSAS

Elevation 525730 ft Vate 12108/9
7t CL

25

30

35

40 Color change to 2 5 Y 4/3 - olive brown

Color change to 10 YR 3/3 - dark brown, some
lignite may be present noncalcareous

45

50
Total depth 50 0 feet CIA

Prepared for: Figure fS
Program Manager for
Rocky Mountain Arsenal
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Equipment Mobile CME-75 HSAS

>
CL E Etevation 5243-92 ft Clatee 11123194
a) go

Z CL 0 CD

0 SCý clayey sand very fine grained, TO YR 514 -
yellowish brown, medium dense 30 percent
plastic clay dry alluvium. rooted

15

Becomes partially caliche cemented

13

12 Color change to 10 YR 614 - light yellowish
5 brown clay content decreases to 20 percent

4 5
7

7 Clay content increases to 40 percent becomes
3 silty

CL. sandy clay, 30 percent very fine-grained
5 sand 10 percent silt 10 YR 5/3 - brown stiff,
5 nonplas i dry alluvium
5 Clay content decreases silt content increases
5 to 10 percent
5 Heavy caliche cement
6 10
4 Mottled with caliche

4 Caliche cemented
8

18 Trace fine rounded gravel
18

Increase in sand content very fine- to
medium-grained sand

15

9 Trace to some coarse sand and fine rounded
12 gravel color change to 10 YR 5/4 - yellowish
14 brown, mottled with white caliche, ashy

13 appearance. elongated black mineral grains well
cemented

0
Sand content decreases to 25 percent,
micaceous color change to 10 YR 5/3 - brown

12

7 20 Sand content increases to 60 percent very
8 fine- to fine-grained. some medium- to
15 coarse-grained sand, trace rounded gravel,

16 color change to 10 YR 5/4 - yellowish brown,
medium dense low plastic clay dry alluvium,

3 elongate black mineralization
8 Locally very sandy. poorly sorted sand, very
8 fine- to coarse-grained subrounded fine gravel
9 layers 1-inch thick

Notes I All HNU/OVA readings equal to 3 Sand content decreases to 20 percent, very
zero Darts per milliton 6 fine- to very coarse-grained sand poorly
except as indicatecl. 25 sorted trace fine subrounded gravel, mecrium

2-Munsell color chart hard caliche stringers contains several thin
usec sandy veneers

Prepared for: Figure U
Program Manager for
Rocky Mountain Arsenal
Commerce City. Colorado Log of Borbig ASB1= 4

Prepared by:
Harding Lawson Associates
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EqLqpment Moble CME-7614SAs
>

4* -0- gý E-= Bevation 5243 92 ft Date 1112319A=) ci, CU to
0 U3

25
12
6 Sand content increases, thin. intercalated layers
9 of sand and fine gravel
10
10
3 Interbedded layers of sand and clay, slightly
A less well cemented
7

8 Granite cobble
7 30 Decrease in sand content, trace fine gravel

slightly moist
Caliche8

6 Sandy
2 Increase in sand content very fine- to9 coarse-grained sand some gravel very well
10 cemented
7 Caliche very thin layers of poorly sand. medium-
s to coarse-grained sand

12 35 Quartz cobble
15 CLAYSTONE, 2 5 Y 5/3 - light olive brown,
9 blockly, closely fractured medium hard, weak
is moderately weathered bedrock some caliche
27 oxidized along fractures
33 Very thin bedded slightly less fractured, 4

caliche, mottled with orange oxidation to 38 feet

40-

45. Total depth - 45 0 feet

Prepared f or. Flgwe fT
Program Manager f or
Rocky Mountain Arsenal
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Eqmpment Mobile CME-750 HSAs

OL E Elevation 5268 37 ft Date 12109/94
3: W (a
2
CO

CL, clay, fine- to medum-grained sand, some2 silt 10 YR 416 - dark yellowish brown medium
6 stiff, plastic moist alluvium, rooted, noncalcerous

13 Color changes to 10 YR 7/3 - very pale brown
13 Some fine- to coarse-grained sand stiff,7 nonplastic dry, alluvium, calcereous, fine roots
7

14 Trace pink granite gravel, color change to 10 YR
4 5/4 - yellowish brown slightly plastic slightly
8 moist local white caliche locally very sandy
10
16 Color change to 10 YR 6/6 - brownish yellow
7 nonplastic
7

8

6 10 Color change to 10 YR 416 - dark yellowish
4 brown, stiff plastic, moist alluvium abundant
4 caliche at contact
5 CLAYSTONE, 2 5 Y 6/5 - light yellowish brown
8 flaggy, intensely fractured, soft plastic

weathered bedrock iron oxide on fractures7 gypsum crystals in voids
12 Color change to 10 YR 3/3 - dark brown moist12
14

Becomes sandier fine- to medium-grained sand
color change to 2.5 Y 8/5 light yellowish brown

20 1nterbedded clayshale and sand, color change
to 2 5 Y 5/6 - light olive brown

Notes I Ali HNU/OVA readings equal to SILTSTONE. clayey sandy 2 5 Y 7/3 - palezero Parts Per million yellow thin laminated, low hardness weak
except as indicated 25- weathered, bedrock
2 murtseu color criart CM
used

Prepared f or: Rgure IS
Program Manager for
Rocky Mountain Arsenal
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Prepared by.
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Equipment Mobile CMF-760 HSAs
AC>.
0- ý 'a a Elevation 5288 37 ft Date 12/09194

CL 0 co

25-
so SANDSTONE, very fine- to fine-grained sand.

2 5 Y 7/3 - pale yellow, low hardness, friable
bedrock. dry. noncalcareous

CLAYSTONE. silty sandy very fine- to
fine-grained sand 2 5 Y 514 - light olive brown
soft. plastic, bedrock, moist, noncalcerous

30

35 Locally silty. some fine-grained sand, color
change to 2 5 Y 5/3 - light olive brown, locally

so thin laminated intensely fractured. soft plastic,
weathered bedrock, moist, noncalcareous. iron
oxide on fractures
Color change to 2 5 Y 514 - right olive brown,
soft, plastic bedrock, moist noncalcareOU3 Small
angular fragments

40

45-

50.
Total depth 50 0 feet

Prepared for. Figure 18
Program Manager for
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Equipment Mobile CME-750 HSAs
>C)_

CL E Elevation 5242 72 ft Date 12112/a4-45 W
Z CL 0 U)

M X_
SC. clayey -sand. fine- to medium-grained sand,to some silt, 10 YR 41A - dark yellowish brown,

13 dense slightly plastic moist alluvium, rooted
15
12 Color change to 10 YR 8/3 - pale brown, mottled
5 with white caliche
2
3
3 Increase in clay content
5
to 5
9
10 Locally sandy. trace gravel
4

5

5

5 Scattered gravel caliche content increases
10
10
18 SC, clayey sand fine- to coarse-graned sand.
20 10 10 YR 8/4 - light yellowish brown, dense
10 nonplastic. moist alluvium, mottled with white

caliche
Trace scattered gravel

Clay content gradually increases with depth
10
18
25
35 CL, sandy clay fine- to coarse-grained sand,10 `10 YR 4/4 - dark yellowish brown stiff
13 15 slightly plastic moist, mottled with cahche, trace
9 black lithic fragments alluvium
10 Color change to 10 YR 5/4 - yellowish brown

9 Some medium send color change to 10 YR 6/4 -
to light yellowish brown trace iron oxide
to
to
8 2 Sand content increases with depth interlayered
12 clayey sand and sandy clay, trace scattered
12 gravel
16 SC, clayey sand fine- to coarse-grained sand.
8 scattered gravel 10 YR 5/4 - yellowish brown.

dense slightly plastic, moist alluvium, calcerous10 matrix
11
12

Notes I AN HNU/OVA readings equal to 8
zero parts per minion 12
except as indicated 25
2 Mmsefi color chart
used.

Prepared f or: Figure 119
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Commerce City, Colorado Log of Boring ASB12M

Prepared by:
HarcHng Lawson Associates
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Equipment Mobile CME-750 HSAS

Elevation 524272ft Date 121131943: QL 03 CD
.0 Z= C3 W

25
12

8 Sand content increases with depth
10
8
a
17 Color change to 10 YR 518 - yellowish brown
21
5 30
8 CL, clay some medium-grained send, some silt.to trace very coarse sand 2 5 YR 414 - olive
14 brown. stiff, plastic moist alluvium

5
7 Trace scattered gravel minor caliche minor iron
7 35 oxide
9
4
7
10
13
4
T
14
7 SC, clayey sand. 10 YR 5/4 - yellowish brown to

2 5 YR 5/3 - light olive brown dense, plastic
10 40 ]a matrix, moist noncalcareous reworked
14 Den"ver 'Formation alluvium
20 Clay content decreases with depth. color
5 change to 10 YR 614 - light yellowish brown,
12 locally very sandy, layers of fine- to coarse-

grained sand up to 0.2 foot thick, 10 YR 813 -15 very pale brown
21
10 Sand coarsens with depth, fine- to very

coarse-grained sand, trace gravel
177
is Very coarse sand and pea gravel

45

SANDSTONE. fine- to coarse-grained sand,
trace clay, 10 YR 614 - light yellowish brown,
thin laminated, low hardness. friable to weak.
minor local iron oxide staining minor caliche,
weathered bedrock

50- L....
Total depth 50 feet

Prepared for Figure 19
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASS12894

Prepared by:
Harding Lawson Associates
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Eqwment Mobile CW-750 14SAs

Elevation 5258 64 ft Date 11/28194
=>
40.

SC, clayey sand fine- to fine-grained sand
some silt 10 YR 3/6 - dark yellowish brown.
dense 15 to 20 percent low plastic clay rooted,

25 alluvium
20
8

Color change to 10 YR 814 - light yellowish
brown lightly caliche cemented

4 -V

7
11
12 Clay content increases locally grades to CL.
4 sandy clay becomes well cemented
5
7 White caliche

5 XX Sand becomes coarser grained 30 percent clay
X 10 YR 4/6 - dark yellowish brown local white

7 caliche

10 Color change to 10 YR 5/4 - yellow brown well
10 cemented with calcjhe
Is
Is
is Clay content increases to 40 percent medium
8 plastic clay, heavy caliche black mineralization
10
8
7

5

7 15 Caliche content increases to 100 percent
9

10 CL. sandy clay fine- to very coarse-grained
3 sand, 10 YR 814 - light yellowish brown medium
5 stiff medium plastic. moist caliche veining and

fracture filling minor black mineral grains, alluvium

13 Sand content increases with depth calcthe
13 content decreases
8 20

SC clayey sand fine- to coarse-grained sand,7 gravel 10 YR 6/4 - light yellowish brown medium
9 dense nonplastic dry, alluvium

Notes LAD HNU/OVA readings equal to 6

zero parts per million 6
except as indicated 9 25
2.Munsell color chart cm
used E C

Prepared f or: Figure 20
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASS2994

Prepared by.
Harding Lawson Associates
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Eqwpment Mobile CME-76-0 HSAs

rKE Elevation 5258 LA ft Date 11/28194
CL

2 SW. sand, fine- to coarse-grained sand, 10 YR
8/8 - brownish yellow medium dense nonplastic,

to -,,,.dry alluvium
30 CL. sandy clay f ine- to coarse-gramed sand
AS pea gravel 10 YR 5/4 - light yellowish brown
so hard nonplastic dry alluv12m, calcareous
10 SANDSTONE, fine- to medium-grained sand,

2 5 YR 714 - pale yellow, low hardness friable,.43 nonci!dcareous, rounded to subrounded grains,
local iron oxide staining weathered bedrock

30 Color change to 2 5 YR 614 - light yellowish
brown, 5 percent medium-grained sand

35- CLAYSTONE, 2 5 YR 5/2 - grayish brown, soft
plastic weathered bedrock

35 SANDSTONE. laminated with claystone veryso fine-grained 2 5 YR 616 - olive yellow papery.
moderately fractured at low angles low
hardness friable moderately weathered

40 bedrock iron-oxide staining along fractures

CLAYSTONE. 2.5 YR 5/4 - right olive brown,

45- papery moderately fractured, soft. plastic
moderately weathere<L bedrock

Becomes moist, claystone content increases with
depth

Becomes wet

50-1 Total depth - 50 0 feet CU

Prepared for Figwe 20
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB2994

Prepared by,
Harding Lawson Associates
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Equpinent Mobile CME-75 14SAS

Elevation 5258 30 ft
CL W Date 11/30/94

Z OL 0 W

SC-SK clayey sand to silty sand. very fine- to
medium-grained, medium dense, nonplastic, dry
alluvium lightly caliche cemented, trace silt

12

Increase in medium-grairred sand

9 Fining downward, increase in fine sand and clay
6 content
6 CL, sandy clay 10 YR 6/4 - light yellowish

brown, low plastic clay, alluvium

5
7

Decrease in clay content trace silt poorly
sorted 5 percent medium sand 2 percent
Warse-grained sand, less weli-cemented

SC, clayey sand poorly sorted. very fine- to
coarse-grained sand 10 YR 614 - light yellowish
brown, medium dense, 20 percent low plastic
clay dry alluvium, trace subrounded quartz
gravel

14 Heavy white caliche
Is Very well cemented with caliche
18
20 Clay content increases to 35 percent

15
14
22 Color change to 10 YR 5/4 - yellowish brown9 scattered white caliche nodules, dense, very well
19 cemented poorly sorted 5 percent silt
21
28 hicrease in clay content 40 percent low to
12 medium plastic clay
20
28
18 20 CL. sandy clay very fine- to coarse-grained8 sand, 10 YR 5/3 - brown, very stiff. low
is plasticity dry, alluvium
Is
18 Ashy appearance some black mineral grains
13
13 Trace fine gravel
19

Notes I At HNU/OVA reacings equal to 23 Becomes micaceous
zero parts per million 11
except as in6cated 20 252-Muftsefl color chart CU
used

Prepared for: Figure 21
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log oi Boring BRB3094

Prepared by.,
Harding Lawson Associates
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Equipment Mobile CME-75 HSAs

S Elevation 5268.30 ft. Date 11130124
3:

25
20

Send size increasing, coarsening downward,
coarse sand and fine subangular gravel, color
Change to 10 YR 4/3 - dark brown with white

40 cahche. medium plasticity, black mineralization

28 30 veining

18 Increase in sand content very fine- to very

25 coarse-gratned sand, trace fine gravel poorly
sorted color change to 10 YR 5/3 - brown with

25 white caliche in nodules and anastomozing
25 veinlets

8 Some clayey sand layers, micaceous

35
Becomes gravelly, color change to 10 YR 614 -

8 11 ht yellowish brown
18 CLAYSTONE, 2 5 Y 614 - light yellowish brown to
20 2 5 Y 6/8 - olive yellow thick bedded little to

22 moderately fractured low hardness week
moderately weathered bedrock

12

Very carbonaceous
40
40

40-

45 Total depth 45 0 feet

501

Prepared for: Figure 21
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Soft BRB13094

Prepared by:
Harding Lawson Associates
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Eqwpment Mobile CME-750 HSAs

Elevation 5258 30 ft Date t?114/94
3:

SC, clayey sand, fine- to medium-gramed sand,
some silt and clay. 10 YR 814 light yellowish

10 brown dense. plastic clay matrix, moist
13 noncalcareous thin clay layers, alluvium

11 Becomes calcareous
5
6
6

CL. sandy, silty. clay f ine- to medium-grained
T sand, 10 YR 814 - light yellowish brown, stiff,
It 5 nonplastic, dry, calcareous minor white caliche
A mottling locally very sandy, alluvium

15

SC, clayey sand, fine- to mechum-grained sand
some sift, 10 YR 6/4 - light yellowish brown,
dense nonplastic, dry, calcareous, alluvium

10 CL, sandy silty, clay, fine- to medium-grained
it sand, 10 YR 614 - light yellowish brown, stiff
11 nonplastic dry calcareous alluvium

14 SK silty sand fine- to medium-grained sand,
9 trace clay, 10 YR 6/4 - light yellowish brown
7 dense nonplastic calcareous alluvium

CL, sandy clay scattered fine- to
medium-grained sand 10 YR 614 - light yellowish
brown, stiff, nonpiastic dry, calcareous alluvium

12
10 Some coarse-grained sand trace pea gravel
12 10 YR 5/8 - yellowish brown, stiff slightly plastic.
7 slightly moist. mottled with white caliche

Some very coarse sand and pea gravel

7
12
12 20 Color change to 10 YR 6/3 - pale brown
IA non-plastic dry mottled with common white
7 caliche rare pink granite gravel

12
14
19
to
44

Notes I All HNU/OVA readings equal to so CLAYSTONE. fine- to coarse-grained sand,
zero parts per million so some silt flaggy, thin laminated soft to low
except as indicated 25 hardness plastic to friable, white crystalline
2 Munsell color chart
used gypsum fracture filling calcareous, weathered tZ

bedrock

Prepared for: Figure 22
Program Manager for
Rocky Mountain Arsenal

Commerce CAty, Colorado Log of BON19 SAB13194
Prepared b)r.

Harding Lawson Associates
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Equipment Mobile CME-750 14SAS
>

S CL

Ili 0. E 8evation 5258 30 ft Date MIIAI944) 0
.0 0 W
M 25
Is
16 Locally silty

is
15

SANDSTONE, clayey with pink granite gravel.
10 YR SIA - light yellowish brown, slight olive cast

15 soft to low hardness, plastic to ITiable
dry, white crystalline gypsum fracture filling,

30 calacreous weathered bedrock

CLAYSTONE, olive brown (based on auger
cuttings)

Olive brown claystone some sand and gravel
(based on auger cuttings)

12 35- INTERBEDDED CLAYSTONE AND SILTSTONE,16 claystone 2 5 Y 5/3 - light olive brown,
30 fractured soft plastic. weathered bedrock.
35 moist locally calcareous minor iron-oxide

staining on fractures siltstone 2 5 Y 716 yellow,
low hardness friable, dry weathered bedrock

40 Olive brown claystone soft plastic bedrock
moist noncalcareous (based on auger cuttings)

Ofive brown claystone trace silt soft, plastic,
bedrock moist, noncalcareous (based on auger

45- cuttings)

501 E_' ýE Total depth 50 0 feet

Prepared f or. Figure 22
Program Manager for
Rocky Mountain Arsenal
Commerce CAty, Colorado Log of Borhg SAS13194

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75 HSAs

s S Elevation 5-159 70 f t
CL a) M - Date H/118194

Z a 0
0 CLAY, clay with fine- to medum-grained sand.7 trace coarse-grained sand 10 YR 614 light

to yellowish brown stiff noriptastic dry alluvium
12 Becomes calcareous
14

8 5 SC, clayey sand fine to coarse-grained sand9 10 YR 4/6 - dark yellowish brown stiff,
10 nonplastic dry mottled with caliche alluvium
7
9
13
13

10
is
30
50
15 CL, clay with fine- to medium-grained sand21 10 YR 7/2 - light gray hard nonplastic

25 dry caliche-rich alluvium
21
11
15
35 15
so
21
27 SC. sandy clay clay coarse-grained sand,
50 gravel 10 YR 514 yellowish brown hard,
7 nonplastic slightly moist, alluvium

so
23
25
26
is 20 Color change to 2.5 Y 414 olive brown clay.
50 increase in fine-grained sand with trace
30 cobbles becomes moist
so
so
25 CLAYSTONE, sandy clayshale with trace coarse
26 sancl, 2 5 YR 414 - olive brown, fractured, soft,
11 plastic moist. gypsum, calcareous iron oxide,

Notes I All HNU/OVA readings equal to 19 weathered bedrock

zelo parts per million 11
except as indicated 30 252 munsell color cuart CU
used

Prepared for Figure 23
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Sonng ASBI3294

Prepared by:
Harding Lawson Associates
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Equipment Y12W&CME-75 NSAS

-E Elevation 5259 70 ft Date 1111$194
CX Oj co

.0
25

30
30

30

351

40-1

451

50 Total depth 50 0 feet CV

Prepared for Figure 23
Program Manager for
Rocky Mountain Arsenal
Commerce City. Colorado Log of Boring ASBI3294

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75 NSAs

>
E Elevation 5250 88 ft Date 11/18/94

9

12 CL. clay fine-grained sand and silt. 10 YR 414
dark yellowish brown very stiff. slightly

15 Plastic moist rooted alluvium
15
16 Caliche zone becomes stiff dry
7
7
8

5

10

5
7
6
7 10
10
10
11
8 Color change to 10 YR 814 - Fight yellowish

brown with white caliche

13
8
17
T7 15
1B
8 SC, clayey sand fine- to coarse-grained sand,
20 trace gravel, 10 YR 414 - dark yellowish brown

dense nonplastic, dry calcareous moderately
Is cemented, alluvium
12
15
20 Increase in gravel
50

12 20 /JX CL. sandy clay, clay with gravel, 10 YR 613 -
pale brown to 10 YR 4/4 - light yellowish brown

25 hard nonplastic, calcareous alluvium
25
18
8
12
11

t2

Notes I AN HNU/OVA reactrigs equal to 15 Color change to 10 YR 6/3 - pale brown with 20
zero parts per million is percent fine- to coarse-grained sand
except as indicated Is 252.Munsell color chart
Used

Prepared for: Figure 24
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring AS813304

Prepared by:
Harding Lawson Associates-
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Equipment Mobile CME-75 HSAs

5250 88 ft.
Elevation DateC1

5
23
H Increase in sand to 40 percent with trace
26 pebbles and gravel
33

AS

Is

20
22
20 SC, clayey sand sand and gravel, 7 5 YR 4/6 -

strong brown. hard plastic moist, calcareous,
12 30 alluvium
18 Color change to 2 5 Y 614 - light olive brown to
22 2 5 Y 414 - olive brown, becomes slightly plastic
30 Color change to 10 YR 7/1 - light grey with grey
11 voicanics vuggy with iron-oxide staining, welded

20 tuff

23

32

12 lo CH, clay, trace gravel, 2 5 Y 414 - olive brown,
14 hard, plastic, moist, reworked Denver Formation

22 35 fragments. calcareous alluvium

26

7

10

16

17

7 Color change to 2 5 Y 5/4 - light olive brown,
7 noncalcareous
10

10

4 40
10
14

14

7

8

11

it

5

7

8 45
21 CLAYSTONE, 2 5 Y 5/4 - light olive brown,
8 laminated soft. fractured, moist. iron-oxide on
]a fractures, weathered bedrock
31

35

50
Total depth 50 0 feet

Prepared for. Figure 24
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASS13394

Prepared by:
Harding Lawson Associates
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Equpment Mobile CME-75 HSAs

CI
VE Fiev.3tion 5242 02 ft Date 11118194

CD CD -
C2 U)

CO 
0

6 CL, sandy silty clay, 20 percent send 10 YR
5/4 - yellowish brown stiff, slightly plastic

6 slightly moist, tooted alluvium
7
6 Decrease in send content to 10 percent, color
7 change to 10 YR 7/3 - very pate brown caliche
7
7
5 i[ncrease in sand to 40 percent color change to
7 10 YR 6/4 - light yellowish brown becomes
7 inedrum dense and dry

6
6
5 Decrease in sand to 10 percent, becomes stiff
A
10
16

SC. clayey sand fine- to medium-grained sand
40 percent clay matrix 10 YR 614 - light
yellowish brown hard nonplastic. dry,
caliche-rich. alluvium

16 10
20
25
23
.4

Is 
4

23
is
5
6
7 15 Decrease in fine- to medium-grained sand

content to 25 percent

Sand content increases downward to 40 percent
12

is
16
8
9
16
20
10 20 CL sandy clay less than 40 percent fine- to
12 medium-grained sand trace pea gravel 10 YR
is 5/6 - yellowish brown stiff slightly plastic,
20 slightly moist caliche-rich alluvium

6 Decrease in gravel
7
18
15

Notes LAD HNU/OVA readings equal to 8

zero parts pe, MjHion 12
except as indicated 16 25
2 Munsell color chart CU
used <

Prepared f or: Figure 25
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borft ORS13494

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75 HSAS

0- E 9 Elevation 524402 ft Date .1111$194
C"

25
22
8
ý4 SC, clayey sand fine- to coarse-grained sand,

10 YR 5/6 - yellowish brown, dense. slightly
14 plastic moist alluvium
20
7
16
26
32
10 30 Increase in clay content, color changes to 10 YR
12 614 - light yellowish brown
13
28
11 Interbedded sandy clay and clayey sand with

22 color change to 10 YR 5/e yellowish brown stiff
tA plastic with trace pea gravel

7
10 35
22

14
14 CL, sandy clay trace gravel 10 YR 5/6 -
6 yellowish brown stiff plastic moist minor caliche.
7 alluvium

5
17
3 40
7
12
15
3
4
7
19
4
8
Q 45

?2

Very fine- to fine-grained sand

10
12

50 Total depth = 50 0 feet

Prepared for: Figure 25
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Baring BRB13494

Prepared by:
Harding Lawson Associates
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Equpment Mobile CME-75 HSAS

> CL
CL E Sevation Ml-59 ft Date 111118194-

SC, clayey sand, very fine- to fine-grained
sand, 10 YR 5/4 - yellowish brown, mecrium

12 dense, nonplastic, caliche-rich, rooted, alluvium
11 1

12 CL clay very fine- to fine-grained sand. 10 YR
5/4 - yellowish brown. low plasticity. dry, caliche
cemented alluvium

7
9
10
7
8
12
8

5 Color change to 10 YR SIA - light yellowish
A brown
4
4
4 10 Heavy caliche zone
4
is
18
7 Sand becomes poorly sorted and micaceous

13
9
15
is 15

is SC. cAayey sand 10 YR 414 - dark yellow
brown loose dry alluvuim

is
15
7
13
15
17
to 20
15 CL sandy clay 10 YR 5/6 - yellow brown, dry

alluvium

15
to Heavy caliche zone
20
20
21

Notes I All HNU/OVA readings equal to 4 Thin gravel layer slight increase in clay
zero parts per million is
except as indicated 20 25
2.Nunsell color chart C4
used -C

Prepared for. Figure 28
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SRS13594

Prepared by:
Harding Lawson Associates
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Eqwpment Mobile CME-76 HSAB

Elevation 525159ft ___ Date 1111811M
=> CL
Z CL 0 U)
=_ 25

21
2
2
5
10 Increase in sand content, color changes to 10
5 YR 5/3 - brown, low plasticity dry.
Is well-cementecl, caliche-rich alluvium

18
is
4 30 Dendritic caliche, fine to coarse gravel
is
21 Al
23
7 Sand content increases to 15 percent, no

20 caliche
is

20
5
10
IQ 35
20
8 Sl:, clayey sand, very fine- to very
s coarse-grained sand 10 YR 5/2 - grayish brown
14 to 10 YR 513 - brown medium dense nonplastic
14 poorly sorted dry, alluvium

8 Very fine- to medium-grained sand layers i-inch
11 thick

Sand and gravel well-graded color change to
2 5 Y 5/3 - light olive brown, becomes slightly

40 moist

12
12 Water level estimated during drilling at 415 feet

Total depth - 42 0 feet

45-

CU

Prepared for Figue 28
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of BorIng SRS13594

Prepared by,
Harding Lawson Associates
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Equipment -Mobile CME-75 HSAS

>
E= E Fievation 5287 15 ft Date 11118194
=L 0 -

SP. sand, very fine-grained to fine-grained3 sand 10 YR 814 - light yellowish brown medium
18 dense, nonplastic, dry. rooted, lightly cemented,
20 alluvium

20 Color change to 10 YR 6/6 - brownish yellow.
9 less cemented, localized caliche veins
to
10
12
8
8
9
8

SC. . clayey sand, 10 YR 614 - light yellowish
brown, loose low plasticity, dry,

8 caliche-cemented alluvium
7
10
to
9
8

10

to

12 Very heavy caliche dense well-cemented
22
35
35
12 Sand becoming poorly sorted, 5 percent medium-

22 to very coarse-grained trace fine subrounded,
22 subangular gravel medium gravel

21
9
21

20
19
5 20 Caliche in veins well-cemented, becoming

14 fine-grained
20
25
to Very fine- to fine-grained sand trace
20 medium-gramed to coarse-gratned cobbles
20
18

Notes LAD HNU/OVA reaclings equal to 12 Increase in clay to 40 percent
zero Parts Der million Is
except as indicatect 30 25
2 Mmsell color chart
usea

Prepared for. Figue 27
Program Manager f or
Rocky Mountain Arsenal
Commerce Oty, Colorado Log of Boring BR8136M

Prepared by:
Harding Lawson Associates
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Equipment Mobile CRE-75 HSAS
Elevation 626715 ft

IEý Date 11/18/94a 0 CD
Z a

25
30
6 Color change to 10 YR 51A - yellowish brown

24 becomes very stiff to hard
24 CLAYSTONE, 2 5 Y 5/2 - grayish brown. flaggy,19 closely fractured at high angles low hardness
6 weak, iron-oxide stained, interbedded with

siltstone and sandstone, weathered bedrock

17 Increase in very fine-grained sand color
24 30 change to 10 YR 7/3 - very pale brown to 10 YR
22 7/6 yellow with oxidation zones from 29 5 to 34
6 f eet

24
35
so

- Color change to 10 YR 4/2 - dark grayish brown

35-ý

1 
11

40--1

Cuttings become plastic

45-

Cuttings become slightly moist, medium plastic

50- Total depth = 50 0 feet

Prepared f or Figze 27
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB13e94

Prepared by:
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E(Impment MoNe CMg-75 HSAs

S Elevation 5269.04 ft Date 111181943: CL W CD0 f CL 0 Cn

0
SC, clayey sand fine- to medium-grained sand.
25 percent silt and clay 10 YR 51A - yellowish

is brown medium dense, nonplastic, moist, rooted.
24 alluvvim
20 Increase in clay color changes to 10 YR 5/6 -
10 yellowish brown, becomes hard, dry
7 Decrease in clay
7

CL. sandy clay, fine- to medium-sand, 10 YR5 614 - light yellowish brown. nonplastic dry,
cahche-rich alluvium

10
9
10
10
12 Sand content increasing
16
12
13
8 10
to
11 1 SC, clayey sand fine- to medium-grained sand
is 10 YR 614 - light yellowish brown stiff to hard
10 nonplastic, dry alluvium

Is Color change to 10 YR 6/3 - pale brown due to
24 increased caliche

20
10
12
14 15
is
5
16
20
23
11
19
119 Trace coarse-grained sand and gravel color
14 change to 2/5 Y 6/3 light brown becomes
10 20 dense slightly plastic moist

29
30
25
to Coarse gravel and cobbles composed of pink
12 granite with white quartz
20 CLAYSTONE. 2 5 YR 514 - light olive brown
13 closely fractured soft plastic, moist iron-oxide

Notes I An HNU/OVA readings equal to 10 stained weathered bedrock

zero parts per million 20 Grades to 2.5 Y 5/2 grayish brown to 2 5 5/0
except as indicated 30 25 grey
2.Munsen color chart cm
used

Prepared for: Figize 28
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borbig BRB13794

Prepared by:
Harding Lawson Associates
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Equipment MoWe CME-75 14SAS
>

J-= F- Elevation 528904 ft Date 108194
OL a) CD
OL Q U3

25
32

Cuttings olive brown

30-

35

40-

45-

50 Total depth 50 0 feet CY

Prepared for* Figure 28
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Bormg BRB13T94

Prepared by.
Harding Lawson Associates
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Equipment -16lobile CME-75 HSAS

06 E FJevatjon 5239.31 ft Date 118194
Q6
OL

CL, clay, fine- to medium-grained sand, 10 YR
416 dark yellowish brown low plasticity stiff,
slightly moist, rooted. alluvium

Is
t8
9 Becomes calcareous

6
8
7

to

7 SC. clayey sand 50 percent fine- to meditum-
grained sand 10 YR 6/6 - brownish yellow stiff,

7 nonplastic dry. alluvium
7 Becomes calcareous
10 10
15
11
12
5 Decrease in sand content to 20 percent color
7 change to 10 YR 814 - light yellowish brown
11
13
12
22
22 15
22
7 Slight increase in sand content to 25 percent
12
12
2
13
17
14
12
6 20 White caliche filling fractures
6
10
10
is
32
27
34

Notes LAD HNU/OVA readings equal to is Q, sandy clay. less than 20 percent fine- tozero parts per million 23 medium-grained sand 10 YR 814 - light yellowishexcept as indiCtlted- is 25 brown stiff, high plasticity, slightly moist alluvium cu2)4unseil color chart
used

Prepared for. Ftwe 29
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Baring BMI3894

Prepared by.,
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Equipment Mobile CME-75 HSAs

CL Elevation 5239 31 ft Date 118194W 4"

ED
25

12
12
20
18 Scattered pea-sized gravel
38
38
40

a 30
12
t8

Becomes moist

20
22
8
10
14 35
20
9 Slight increase in sand content
17

25
29
5 Increase in sand content
8
14
14

40 A
SC. sandy clay well sorted. poorly graded sand,
fine- to medium-grained sand. 10 YR 713 - very

25 pale brown. dense, nonplastic, moist, alluvium
24
to Interbedded 1-inch thick clay layers
Is
15
16
9
Is
17 45

25
20
Is
is

20
10 Becomes very moist trace coarse sand
is
is

20

50_ Total Depth - 50 0 feet CV

Prepared for: Figure 29
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB13894

Prepared by:.
Harding Lawson Associates
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ID Equipment Mobile CME-750 HSAS

CL E
X Elevation 5276 44 ft Date 12/05194

CL V (D
0 a U)

SC. clayey send, very fine- to fine-grained3 sand, 10 YR 4/8 - dark yellowish brown grading
7 to 10 YR 6/6 - brownish yellow, medium dense
18 noriplastic dry trace silt, rooted fightly
13 cemented alluvium

9 Caliche
10
12
12 - Thin layers of well sorted coarse sand up to 1/2
6 inch thick at I inch intervals, loose
6 5-
T

Some medium- and coarse-grained sand

6
7
7
5
7

6

7

Increase in clay content cemented

6
T Color change to 10 YR 416 - dark yellowish
A brown with white caliche well cemented with

caliche

Is Heavy caliche trace fine glassy quartz with a
10 welded appearance

12 CL. sandy clay very fine- to coarse-grained
sand 10 YR 814 - very pale brown stiff,9 low-plastic, dry trace fine glassy gravel, trace

17 very coarse sand cemented alluvium

Color change to 10 YR 5/3 - brown well
cemented caliche in white nodules trace fine
subrounded gravel

13
10 20 Becomes less well cemented heavy caliche
23

21

is

5

A

Notes I AD HNU/OVA readings equal to A Color change to 10 YR 514 - yellowish brown,
zero parts per million slightly moist white crystals black mineralization,
except as indicated 25 locally very sandy very fine- to fine-grained
2 munsell color Chart trace gravel CV
used

Prepared for: Figure 30
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SM13994

Prepared by,
Harding Lawson Associates
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Equipment Mobile CME-760 HSAs

Elevation _5278 44 ft Date 12105194

Z a
in- 25
7
A Clay becomes medium plastic
7

4 Sand becomes coarse- to very coarse-grained
8
10
15 30 _1\1 Fine gravel and cobbles, oxidized
4

14 Rounded gravel and cobbles

28 SC, clayey sand, poorly sorted sand,

so Quartz cobbles

so Granite cobbles

A, Well sorted medium sand, minor clay content
V,'V4 < loose black mineralization

V VOLCANOCLASTIC: SANDSTONF_ 10 YR 7/1 - light
gray hard moderately strong, ashy appearance,

lassy sand grains, weathered bedrock12
25 35 SANOSTOW, 2 5 YR 7/6 - yellow very

fine-grained. blocky, thick. moderately
50 fractured low hardness, weak friable. minor 7 5
10 YR 8/8 - reddish yellow. oxidation moderately
20 weathered bedrock

35 Sandstone beds become thinner
37

40

45-

Becomes moist, plastic

501 Total depth - 50 0 feet

Prepared for. Figure 30
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SA913994

Prepared by-
Harding Lawson Associates

J
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Equq)ment Mobile CME-750 HSAS

cl.
OL E Elevation 5279.99 ft Date 12/05/94

aD 
CL

11 0 SC, clayey send, fine- to coarse-grained send
10 YR 514 - yellowish brown dense nonplastic,

12 moist rooted alluvium

20

16

11 Becomes calcareous, sand fining downward. color
change to 10 YR 6/3 - pale brown, medium

8 dense, dry
6

6

13

10 5
7

6

A Increase in clay content becomes stiff

A

6

7 Granite and quartz-rich gravel
10

12 Colo, change to 10 YR 8/2 - white well

12 cemented with caliche

14 10

12

12

14

Gravel layer

15

11

12

Color change to 10 YR 6/3 - pale brown to 2 5 Y

21 6/3 - light yellowish brown

28 CLAYSTONE. silty claystone 10 YR 4/2 - dark
grayish brown fractured soft oxidized,

49 weathered bedrock

12

t8

21 -

24

is 20-
29 SANDSTONE. silty sandstone 2 5 Y 5/6 - light

50 - olive brown slightly flaggy locally thin laminated
.... to laminated, soft gypsum crystals weathered

bedrock

CLAYSTONE, silty claystone 2 5 Y 8/3 - light
Notes I All HNU/OVA readings equal to

zero parts pe mt1lion yellowish brown. ttun laminated soft moist

except as exhcated 25- weathered bedrock

2.Munseli; color chart
useoý

Prepared for. FlWe 31
Program Manager for
Rocky Mountain Arsenal

Commerce City, Colorado Log Of BOM9 IBE14094

Prepared by:
Harding Lawson Associates

Pa,ge I of 2



Eqwpment Mobile CME-750 VISAS
;D >- = S! I

3: => CL 0 CD Elevation 5279 0-9 ft Date 1219512-4-
0
in

30-

Color change to 10 YR 4/2 - dark grayish brown

35-

Color change to 2 5 Y 4/3 - olive brown

40- Color change to 2 5 Y 513 - light olive brown

Color change to 2 5 Y 4/3 - olive brown

45-

J

50
Total depth 50 0 feet

Prepared for. Figure 31
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB14094

Prepared by-
Harding Lawson Associates
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Emupment Mobile C:14S-750 HSAs

CL
CL E 5284-28 ft Date 12105194Elevation3C Z OL W CD

CL 0 CO

SC, clayey sand, fine- to medium-graned sand,
10 YR 4/4 - dark yellowish brown hard plastic,

16 moist rooted alluvium
is Color change to 10 YR 614 - fight yellowish
14 brown becomes dense
4 Color change to 10 YR 74 - very pale brown,
5 becomes medium dense nonplastic. dry increase
7 in caliche

13 CL. sandy clay fine- to medium-grained sand7 10 YR 7/3 - very pale brown stiff nonplasttc dry
6 calareous, alluvium

12 10

SC, clayey sand fine- to medium-grained sand12 and silt, 10 YR B/4 - light yellowish brown stiff
12 nonplastic dry calareous alluvium

Sandcontentincreases
27
22
24
14 Sand content decreases
14
IB 15
20
10
28
33
41
35
35
33
42
29 20
3
30
30 Heavy caliche zone

27
11
17
12

Notes I An HNU/OVA readings equal to 14
zero parts per million 7 CLAYSTONE, slityclaystone IOYR5/2-except as indicated 11 252.Munsell color criart grayish brown thin laminated fractured soft,
used oxidized. weathered bedrock

Prepared for: Figure 32
Program Manager f or
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring EIRSIM4

Prepared by:
Harding Lawson Associates
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Equipment Mobile DE-750 HSAs.

r r= Elevation 5284.28 ft Date 12105/94
IV CD

M 25
21 Color change to 2 5 Y 8/3 - light yellowish
38 brown, fractured, soft oxidized, slightly
7 calcareous, weathered bedrock
7
10
24

30-

40-

Color change to 2-5 Y 5/4 - light olive brown

45-

50
Total depth 50 0 feet

Prepared for Figure 32
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB14194

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-750 14SAs
>

CL Bevation 5242 76 f t Bate 12/05/94

0 SC. clayey sand. fine- to coarse-grained sand,2 10 YR 614 - dark yellowish brown stiff moist,
7 rooted alluvium
14
12
8
is
12
14
8
6 .5
14
10 CL. clay, 25 percent fine- to coarse-grained
3 sand, 10 YR 6/3 - pale brown stiff nonplastic,
7 dry, calcareous alluvium
12
11 Heavy white caliche color change to 10 YR 812

12 - white
22
26
31 10
12
28
31
16 Increase in gravel to 5 percent
is
42
26
24 increase in fine- to medium-grained sand to 15
11 percent color change to 10 YR 6/3 - pale brown
19

Increase in fine- to medium-grained sand to 20
Percent color change to 10 YR 614 - light
yellowish brown becomes slightly moist some
cafiche

T Increase in sand content
9
12
14
11 20 Oea gravel and calcium carbonate
4
26
19
3 Color change to 10 YR 5/4 - yellowish brown
7
7
6

Notes LAI HNU/OVA readings equal to
zero Darts per migion
except as indicated 252-munsell color criart L'i
used <

Prepared for: Figure 33
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Bortag BRB14294

Prepared by.
Harding Lawson Associates
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Equipment Mobile CME-750 &A3

Elevation 5242 78 ft Date 12105194
3: M CL 0 to

Z M d ch

25

3

11

14

is

23

6 30
9
t2

17

12

20

28

4

7

9 35
t2

4

12 SC. medium-grained sand trace silt. clay 10 YR
6/3 - pale brown dense slightly plastic moist,

16 calcareous alluvium
14

7

7

9

3 40
9
17

is

14

t5

5

is

30 45
18

CLAYSTONE, silty claystone very fine-grained
9 sand, 10 YR 5/2 - to 10 YR 5/3 - grayish dark
3 brown, stiff plastic moist, weathered bedrock
4 Color change to 10 YR 514 - yellowish brown with
4 olive cast, becomes very moist
7

Total depth z 50 0 feet

Prepared for: Figure 33
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Borft BRB14294

Prepared by:
Harding Lawson Associates
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Appendix F

BORING SURVEY LOCATIONS AND ELEVATIONS



Table F.I: Rocky Mountain Arsenal Task 93-03, Geotechnical Boring Progr2M
Boring Coordiinates, Elevations, and Total Depths

EIGV&t3Lon ToW Depth
Borxng Number North* Easting 0643t) (feet)

BRB11094 173279646 3185199.74 526279 175.0
SAB11194 1733519.50, 3184717.12 526 L.09 170.0
ASB11294 173506573 318406777 5239-41 1129
SABI1394 173709025 3185094.11 5199.23 20.0
WEB11494 1736578.29 3183652.39 520b.26 337
ASBI1594 1736523.14 3184082.64 5211.37 30.0
ASB11694 1736517.92 318494296 5215.21 430
SAB11794 173569610 318426872 522339 450
ASIBI1894 1735535-45 3184941.71 5240.78 35.0
ASB11994 1735673.26 3185567.50 5234-48 50.0
ASB12094 1735318-49 318356717 5230.59 500
SAB12194 173474881 3184933.56 5249.27 500
SAB12294 1734602.71 3183908.97 5238.14 500
SAB12394 173455240 3184378.05 524806 40.0
ASB12494 173419845 318494270 5272.46 50.0
ASB12594 173431495 318541676 5257.30 500
SAB12694 1734039.94 318392462 5243.92 450
ASB12794 173375710 3184937.14 5268.37 50.0
SAB12894 1734085.12 318583284 5242.72 500
BRB12994 173326200 318385648 5256.54 500
BRB13094 173321484 318432349 5258.30 45.0
SABI3194 173301863 318490460 526465 50.0
ASB13294 1732998.91 3185633.99 5259.70 50.0
ASB13394 173366316 318584540 525088 500
BRB13494 173321595 3186095.84 524202 50.0
BRB13594 173362782 3184009-06 5251.59 42-0
BRB13694 1732773.51 318438237 526715 50.0
BRB13794 1732639.27 318491428 526904 500
BRB13894 1732718.00 3186237.23 523931 500
WEB13994 173229474 318425785 527644 50.0
BRB14094 1732290.62 318492420 5279.99 500
BRB14194 173231169 318562290 5264-28 50.0
BRB14294 1732309.24 3186349.99 5242-76 50.0

The boreholes were surveyed by a State of Colorado licensed surveyor usmg the 1983 horizontal
datum and the 1988 vertical datum

21907 703030 Harding Lzurson Associates
0103063095 RAF
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1.0 INTRODUCTION

This Work Plan was prepared for the Material and Area Feasibilrly Studies portion of the Feasibility

Study (FS) Soils Support Program as Data Requirement A002, a contract deliverable under Delivery

Order 0007 (Modification to Task 93-03 Feasibility Study Soils Support Program) of Contract

DAAA05-92-D-0003 between Harding Lawson Associates (BLA) and the U.S. Department of the Army

(Army) This report was prepared by BLA at the direction of the Army for the sole use of the Army

and the signatories of the Federal Facilities Agreement (FFA) of Rocky Mountain Arsenal (RMA), the

only intended berieficianes. of this work-

1.1 Document Purpose, Scope, and Organization

The purpose of this Work Plan is i o outline the procedures and logic used to conduct the Material

and Area Feasibility Subtasks, for the FS Soils Support Program. Me purpose of these additional

subtasks is to (1) evaluate whethei onsite materials are suitable for constructing landfill liners and

caps, (2) identifv a potential landfill site at RMA, and (3) evaluate the suitability of the proposed site

for ham dous waste disposal-

The scope of thLis Work Plan includes a desciaption of the Materud and Area Feasibility field

subtasks. The Matenal Feasibility subtask includes borrow area selection, test fill construction, and

infiltration testing (sealed double-ring infiltrometer [SDR1] testing and two-stage borehole [TSB]

permeabLht-% testing) The Area Feasibility subtask consists of 3 deep boreholes (continuously cored

for geologic data) and up to 30 boreholes (continuously sampled for geotechnical and geological

data)

This Work Plan is organized to present the requisite task background and ob)ectives; describe each

subtask's design; provide construclaon, drilling, and sampling procedures for the field programs;

present proposed geotechnicaltesiang methods, and discuss data evaluation and reporting procedures

and protocols Seaton 12 of this document presents task background and ob3ecbLves, Section 2.0

21907 10201OZ Harding Lawson Associates
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Introduction

presents test fLU construction, testing procedures, and data evaluation, and Section 3 0 presents

geologic and geotechmcal subtask design, procedures, geotechnical testing, and data evaluation.

1.2 Task Background and Objectives

The primary ob3ective of this task is to collect soil data to support the Detailed Analysis of Altema-

tLves (DAA) portion of the Onpost Operable Unit at RMA and the Record of Decision (ROD) RMA

task background and specific task objectives are d2scussed in the following subsections

1.2.1 Task Background

RMA was established in 1942 by the Army as a manufacturing facility for the production of chemical

and incendiary mum-ttions Niffitary, mdustud, and agricultaral chemicals, primarily pesticides and

herbicades, were also manufactured at RMA by several lessees from 1947 to 1982 Theindustrial

waste liquid produced from operations performed by the Anny and its lessees was initially

discharged to Basin A, an unlined basm in Section 36. Subsequently, liquid wastes were discharged

to other unlined basins and, after 1956, to Basin F, which was asphalt-lined. Although solid wastes

were disposed of primarily in Section 36, other onpost. disposal sites were also used. Some of the

basins, pits, bum sites, sewers, and structures (buildings, pipes, and tanks) became sources of soil

and groundwater contammaton as a result of spills, leaks, or other releases

Based on the Natonal Contingency Plan (NCP) and Comprehensive Environniental Response,

Compensaton, and Liability Act (CERCIA) guidance, and consistent with the FFA, the Development

and Screening of Alternatives (DSA) portion of the FS was performed to establish remedial alter-

natives capable of acJuevmg the remedial action objectives (RAOs) for RMA. Alternatives retained

after the screening process are currently being further evaluated as part of the DAA portion of the FS

The soils DSA focused on several remedial alternatives for the soils medium including onpost

landfilling of materials and capping- The soils mechum that is addressed in the soils DSA consists of

unsaturated soils, bedrock, fill material, process water lines, chemical and sanitary sewer lines, lake

1.2 Harding Lawson Associatas 21907 102020.3
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hatroduction

sediment, and soil/debns mixtures in disposal trenches or landfills, the term 'soils" is used for

convenience in this document to refer to any of these materials Recogm2ang that interactions will

occur between soils and other coniaminated media such as structures and groundwater during the

implementation of remedial alternatves, the impacts and interactions of other media on remedial

approaches developed foi. RMA are being addressed in the DAA portion of the FS Since landfilling

and capping remedial alternatives were retained as remedial alternatives in the DAA, the Program

Manager for Rocky Mountain Arsei3al (PbIRMA) identified additional data needs that are required to

support completion of the DAA- The data needs addressed under this task are discussed below.

1.2.2 Task Objectives

The ob3ective of the test fills and infiltration testing of the test fills (material feasibility) is to evaluate

whether onsite materials are siutable for constructinglandfill liners and caps Theob)ectiveofthe

geologic/geoteclinical borings (area feasibility) is to obtain adequate data regarding the geology and

geotechnical characteristics of the site to evaluate the feasibility o, F constructing a landfill in the

existing foundation materials The work will include constructing two clay soil test fills and

conducting permeability tests on the test fills to evaluate the suitability of onpost materials for use as

liner and cap material. The work also includes coring, geophysical logging, soil samphng, and

physical property testing to evaluate the geologic and geotechnical characteruilcs of the preferred

landfill area.

This program will support the evaluation of remedial alternatives in the DAA involving onpost

landfilling of materials and capping The program is scoped as an FS-level investigation to validate

and refine feasibility and cost information in the DAA-FS Investigatons will be conducted in a

manner consistent with the NCP and CERCLA as amended by the Superfund Amendments and

ReauthorizationAct. of 1986 (SARA)

21907 102010.3 HardingLawson Associates 1.3
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2.0 TEST FILL CONSTRUMON AND TESTING

This section presents the test 0 construction and testing program to be performed under the FS

Soils Support Program, Subtask i entitled, Material Feasibility The test fill construction and testing

program includes the construction of two test fills using two soil types native to RMA and the

subsequent field testing of the test fills for in sita permeability The Material Feasibility portion of

the FS Soils Support Program has two Tnain objectives (1) to verilýy that onpost soils are capable of

meeting the required liner permeability of less than or equal to 1 x 10-7 centimeters per second (cm/s)

and (2) to evaluate the optimum lift thiclmess, moisture content density, and the compactive effort

necessary to achieve this permeability Permeabihty of the constructed test fills will be measured

both in the field and in the laboratory to evaluate the suitability of the materials and methodology

used to construct the test hIls Adjustments to the material type, deasity, and moisture content of

the recompaated soil liner may be necessary pursuant to the results of the test fLU program.

2-1 Test Fill Location and Proposed Borrow Material

To simulate future landfill clay liner construction conditions as clowly as possible, the test fills will

be constructed at the site currently considered to be the preferred landfill location, the western half

of Section 25 (Figure 2.1) (Ebasco, 1988) The site was approved by the U.S. Fish and Wildlife

Service (USFWS) prior to construction of the test fills

Figure 2 1 also illustrates the two proposed borrow areas where soil for the test fill construction will

be excavated The borrow areas weie identified in the Draft Final Feasibihty Study Soils Support

Program Report CHLA, 1994a) to contain suitable borrow material. The borrow sites were also

approved by USFWS for excavation provided the areas were reseeded following excavation. The

revegetation plan for the borrow areas is presented in Section 2.2-

Test Fill Constriaction Procedures

Each of the proposed test fills will be approximately 100 feet long by 40 feet wide at the top of the

test fLU (Figure 2 2) The 100-foot length and 40-foot width will allow the SDRI and TSB

21907 102010 3 Harding Lamrson Associates 2-1
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Test Fill Oonstruction and TesUng

Permeabilitytesting equipment to be placed at the recommended 12 to 15 feet from the sides and

slopes of each test fill to avoid encountering edge effects (as shown in Figure 2 3) The recom-

mended spacing is designed to avoid contact with the sides and slopes of the test fill where the lift

construction may not meet minimum specifications and therefore may not be representative of most

of the clay liner test fill

As described below in the construction procedures, the test fills will be constructed by hrst stripping

approximately 4 inches of topsoil, then placing the various test fill layers on the prepared subgrade

Test fill soil will be processed for clod size and moisture content prior to compaction. This will be
I

accomplished in the large processing areas adjacent to the test fills

Each test fill surface will slope uniformly to one side at a 2 percent slope. This design will provide

positive drainage and will simulate actual Imer construction conditions Surface-waterrun-on

control will not be necessary because of the above-grade configuration of the test blIs

Upon completion of the test fills, the area will be regraded to smooth out the contours of the test fills

and the immediate surroundings The stockpiled topsoil Will be spread over the test fills and other

disturbed areas This topsoil will prevent desiccation cracking of the test fill surface and also serve

as the final "closure" laver of the test M No further closure activites, other than seedmg and

mulching, will be performed-

=1 Excavation

Topsoil will be stnpped from the affected area of the borrow sites prior to excavation of actual test

fillmatenal This topsoil will be stored adjacent to each respective borrow site Necessary volumes

of soil from each borrow area will be excavated under the supervision of the Engineer (BLA) The

Engineer will visually inspect all borrowed material prior to transport- Scrapers and trucks will be

used to excavate and transport borrow soils to the prepared stockpile areas. Once the excavation is

2-2 Harding Lawsorl Associ P s 21907 102010L
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Typical Test Fill Section
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Test Fill Construction and Tesfing

completed, the borrow pits will be graded smooth, covered with the adjacent stored topsoil, and

seeded.

2= Processing Area Preparation

The processing areas adjacent to each proposed test fill will be stripped of topsoil. The surface will

be smoothed (proof-rolled) with the pneumatic tires on the front-end loader This topsoil will be'

stored adjacent to the processing areas

2.2-3 Test Fill Area Preparation

The test fill area will be stripped of topsoil. The topsoil will be stored adjacent to the test fills along

with topsoil from the processing areas Once stripping of the surface soilis completed, the test fM

areas will be proof-rolled, scanfied, and smooth-druin. compacted.

2-2A Soil Processing

This portion of the work will be completed prior to actual test fill placement to allow adequate time

for clod size reduction, moisture addition, blending, curing, and testing to verify the optimal moisture

content range has been achieved. These activities will be performed using a dozer to spread and

move soil, a disc harrow or other appropriate equipment to reduce clod size and blend moisture into

so3l, and a water truck with a sprayer to adjust moisture content Tests to be performed on processed.

material are included in Table 2.1

2.2-5 Subgrade Preparation and Working Layer Placement

To ensure that there is no head build-up in the test fi-Us (which could adversely affect the

permeabilitv test results), the test fills will be constructed on a foundation of m situ sandy soll. The

sandy soil will be thoroughly wetted to a depth of at least 1 foot prior to placement of the next layer

to avoid surface tension and capillary effects on downward mfiltration. Directly above the wetted

sandy soil will be a 6-inch (compacted lift thicImess) layer of clay borrow material that will be

designated a 'worknig layer " This layer is important to ensure proper placement, bonding, and

compaction of the first lift within the test fills

21907 102010.3 Harding Lawson Assoclafts 2-3
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Test Fill Construction and Testing

2.LS Test Fill Placement

Once the subgrade and working layer are completed for each test fill, and the specified moisture

content of the processed soil has been achieved, placement of the test fills will be initated Using a

front-end loader, dozer, or a backhoe, processed soil will be moved to the test fills The soil win be

spread by a dozer into 8- to 9-mch loose lifts A heavy tamping foot or sheepsfoot compactor

(Caterpillar Model 825 or equal) will be used to compact the clay into 6-inch compacted lifts.

Six lifts will be constructed to form the 3-foot-thick test fill. Each hft surface will be scanfied andJor

rewetted as necessary to ensure adequate bonding between lifts.

Based on the results of the earlier soils testing program, failure to meet a specification of 95 percent

of the Standard Proctor maximum dry density (American Society for Testing and Materials [ASTM]

D 698-78) will require removal and replacement of that lift.

Moisture content shall be in the range of I to 4 percent wet of optimum moisture Each compacted

-- hft will be tested using a nuclear gauge to verify that the compaction and moisture content specifica-

tions have been met Additionally, to determine the appropriate number of equipment passes to

meet the compaction requirement, the density will be measured after every two passes for each of the

h.rstthreehfts This methodology will (1) enable the last three lifts to be constructed with the

appropriate number of lifts and rninim al testing and (2) enable development of a "compaction vs

equipment passes" curve to use in preparing method spe0ficatons for the actual clay liner It is

anticipated that three density test locations will be used for each lift at each test fill These and

other tests that will be performed during construction are listed m Table 2.1.

2.2-7 Test Frill Completion and Permeability Test Preparation

To complete the test fills and provide a smooth, uniform surface, the top of the uppermost completed

lift will be compacted and sealed with a smooth-drum roller The completed test fill surface must be

protected from excessive desiccation cracking prior to and during the field permeability tests

Therefore, a topsoil layer or plastic sheeting will be placed over both test fills, except for the

2-4 Harding Lawson Associates 21907 10201WS
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Table 2.11 Test Fill Testing Program (Per Test Fill)

Frequency

Test Methad Stockpile During Construction Post-ConstrucHon

Moisture Content Oven drying ASTM D2216-90 3 Initial; as needed during 3 per lift (18 total) ---

processing (approx 12); 3
final; estimate 16 total

Moisture Content Nuclear gauge ASTM D3017 ... 3 per each 2 passes per lift ---
for first three lifts; 3 per lift
for lifts 4, 5, 6,
estimate 45 total

Atterberg Limits Grab sample ASTM D4318-84 3 --- ---

Grain Size (Incl Sieve and hydrometer analysis 3 ... ...

clay content) ASTM D422-63
3 --- ---

Optimum Moisture Staiidard Proctor lost (grab 3
Content and Max samples) ASTM D098-78
Dry Density

In-place Density Nuclear gauge AsTM D2922 ... 3 per each 2 passes per lift ---

(96 compaction) for first three lifts; 3 per lift
for lifts 4, 5, 6; estimate 45
total

Lift Thickness Manual 25-foot intervals down can-
(loose) terline of test fill

Lift Thickness Manual ... 25-foot Intervals down can-
(compacted) terline of test fill

21907 2102010 3 1 of 2
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Table 2.1 (continued)

Frequency
Test Mathod Stockpile During Construction Post-Construction

Final Test Fill Survey ... ... 3
Thicknoss

Lift Bonding Visual Test Pits --- 2 per lift (manual) 3 (backhoe)

Laboratory Shelby tubes, floxiblo wall --- --- 3
Permeability pormeameter (falling-hood test)

ASTM D5004-90

Field Permeability Sealed double-ring Infiltro- ... ... 1
(largo-scale) motor (SDRI)

Field Permeability Two-stage borehole (Boutwell) --- ... 5
(small-scale)

Shear Strength Consolidated undralned 2
ASTM D4767-88

Shear Strength Unconsolidated undrained 2
ASTM D2850-87

Not performed
ASTM American Society for Testing and Materials

21907 2102010 3 2 of 2
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Test FiN Construction and Testing

immediate areas designated for the sDRI tests Each SDRI area, apprOX3.1nately 12 feet by 12feet, Will

be blocked off and sealed with a tarp until the SDRI test set-upLs untiated.

2.Z8 ReM Permeability Tests

One SDRI and five TSB permeability tests Will be performed at each test fill. The SDRI test Will be

located in the center of each test fill to avoid edge effects The TSB tests will be placed at least

15 feet from test fill edges. Figure 2.3 illustrates the proposed test locations Performance of the

tests will include strict adherence to the published testing procedures and thorough documentation

of all observations and results as described in Sections 2.3 and 2 4.

Protection of the SDRI areas from temperature changes and damage by anun-al will be accomplished

by building a plywood cover built for each SDRI test site The SDRI area willbe staked and marked

wiffi tape to prevent access by unauthorized personnel.

2.2-9 Test Fill Closure

Once the field permeability tests are completed and the testng apparatus disassembled, the SDRI

areas and the center strip between the test fills will be seeded with native grasses and wildflower

seed and mulched with native grass hay as specified by the USFWS

2.7-10 Test Fill Documentation

In addition to the test results from the formal testing program outlined in Table 2.1, the following

information on test fill construafton will be documented.

Field description of the borrow material used in each test fill

Soil processing procedures

Soil transport traffic routes

Dozer spreading and grading patterns

laft thicknesses Goose and compacted)

Compaction patterns and number of passes

21907 102010.3 Harding Lawson Associates 2-5
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Test Fill Construction and Testing

Test locations

laft bonding check results and observations

Any failed results and corrective action taken

2.3 Sealed Double-Ring Infill3rometers;

This section describes the test method, the installation, monitoring, and data reduction and

evaluation procedures to be used for the SDRI tests. The SDRI test measures the vertical infLItration

rate of water through the constructed test fills. The SDRIs are specifically designed to measure low

mfiltratLonratesmtherangeofIxIO-stoIxIO"cm/s Based on previous laboratory results (BLA,

1994a), the permeability of the soil at the proposed barrow areas ranges from 3.02 x 10-9 to 8.24 x

10' cm/s. This range of soil permeability coincides with the optimal range for the SDRI test method

A summary of the SDRI test methodis provided in Appendix A along with the manufacturer's

install ation and operating instructions A synopsis of the test method from the installation instruc-

tions (Appendix A) is as follows The SDRI consists of a 12-foot by 12-foot outer ring and a 5-foot by

5-foot inner ring, as Mustrated in Figue 2 4. The rings are grouted within trenches excavated into

the top ofthe test fill The outer ring is installed at a depth of 14 to 18 inches below ground surface

(bgs), and the inner ring is installed to a depth of`4 to 6 inchesbgs After grouting is complete, the

area between both rings is filled with water The outerring area is filled to a depth of approximately

12 inches, which completely submerges the mrier ring. The inner ring area is sealed by placing a

cover over the top of the inner ring This seals the water within the inner ring from the atmosphere

Monitoring the flow of water in the SDRI is accomplished by filling a flexible bag with a known

weight of water and connecting the bag to a port on the inner ring. As the water infiltrates the

ground and leaves the sealed inner ring, A is replaced with an equal amount of water drawn in from

the flexible bag After a specified time interval, the flemble bag is removed and weighed. The

weight loss is then converted into milliliters of water that has infiltrated into the test fill h3h1tration

rate is calculated using an equation with the follownig param eteis: the volume of water loss, the
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Test FM Construction and Testing

area of the inner nng, and the interval of time that the bag was connected onto the inner ring The

tests will be monitoreduntil the infiltration rate reaches a steady state Upon completion, a plot of

the mf3ltration rate over time is prepared For the purposes of flus test, the specified permeability

value to be achieved is I x 10' cnils It is anticapated that the tests vaU require monitoring for

approxLmately two to three months.

2.3.1 Sealed Double-fling Infiltrometer Installation Procedures

The SDRIs will be installed immediatelyfollowing completionof the test fills, TheSDRIswillbe

installed according to manufacturer's installation instructions under the direction of the installation

subcontractor, ý& Steve Trautwein of Trautwein. Soil Testing Eqmpment (manufacturer of the

SDR1s). Further informatLonregard2ng the installation of the SDR[s is presented in Appendix A.

2.3.2 Sealed Double-FIling Infiltrometer Monitoring Procedures

SDRI monitoring procedures will include flow measurements, water temperature readings, water level

measurements, swell meas-urements, and tensiometer readings In general, the readings will be taken

cn a daily basis until the infiltration rate slows sufficiently to allo vv measurements to be collected

every several days The readings will betaken by field personnel train ed and experienced in taking

SDRI measurements The readings will be recorded in field logbooks; and then t-dnsfezred onto the

SDRI data forms (Appendix A)

2.3.3 Sealed Double-Ring Infiltrometer Data Reduction and Evaluation

Data reducýtion and evaluation will be accomplished by transferring the field measurements recorded

on the data forms onto computer spreadsheets for ease of computation. The infiltration rate can be

determined by using the following equation-
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I - QI(At)

where.

I - MhltratioýL in cm/s

Q = volume of flow in cubic cm

A - area of flow in square am

t = fame interval m seconds

There are two factors that can have a significant effect on the Mfiltrat:,on rate of the SDRI tempera-

tuxe changes and soil swelling The field measurements of temperature and swell will be reviewed to

evaluate whether they could have affected the infiltration, rates of the sDRIs. If either factor is found

to be significant such thatit could account for as much as 10 percent of the total infiltration of the

SDRI, corrections for these effects will be made

The hydraulic conductivity within the SDRI is calculated by using the following equation-

k - QI(iAt)

where.

k = hydraulic conductivity in cm/s

Q = volume of flow in cubic cm

t - time interval in which Q was determined in seconds

1 = Ah/As (gradient) dimensionless

Ah =head loss

As = length of flow path for which Ah is measured

A - area of flow in square cm

Plots of the infiltration, rate and hydraulic conductavity will be evaluated concurrently to evaluate

when the tests mn be terminated as discussed above (i e., when steady state conditions or the

desired hydraulic conductivity has been achieved).
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2A Two-Stage Borehole Permearneters

This section presents the installation, monitoring, and data reduction and evaluation procedures for

the TSB permeameter tests The TSB procedure is a falling-head mfiltration test conductedin a

cased borehole The first stage of the TSB procedure is performed with a cased borehole thatis open

at the bottom The first stage of the test is used to calculate vertical permeability (kj The second

stage of the test is conducted aftez advancing the borehole another 6 to 8 inches below the bottom of

the casing and measuring the flaw rates to calculate horizontal p(nMeabihty (kh).

2A.1 Two-Stage Borehole Permearneter InstallIation Procedures

Five TSB permeameters. will be installed at each test fill immediately following installation of the

SDRIs The TSBs will be installed following the installation procedures described in Appendix B

The boreholes will be excavated using a hand auger and reamed I o the desired depth. Polyvinyl

chloride (PVC) casing will be grouted in place, and the surface of the borehole Will be completed

with the measurement stand pipe and fill tube, as illustrated in Figure 2.5.

Along with five TSBs at each test fill, one temperature effect gauge CMG) will be installed at each

test hIL The purpose of the TEG is to measure any changes in flow rates that could be the result of

temperature changes during the monitoring penod. Field measurements on previous TSBs have

indicated that rising temperature causes the water column in the standpipe to expand, thereby

causing a lower apparent flow rate (see Appendix B) The net effect is a lower apparent permeability

If the temperature decreases during the monitoring period, then the converse is true For this reason,

TEGs will be installed and monitored throughout the testing program

TEGs are set up and installed similarly to the typical TSB with one exception; the bottom of the

casing is sealed with a cap Because there is no flow of water from the TEG, any changes in the

readings must be the result of changes in the ambient air temperature and/or barometric pressure As

described in Appendix B, any changes noted in the TEGs can then be corrected for in the TSB

21907 102010.3 Harding Lamrson Associates 2-0
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measurements The construction. of the SDRI and the TSB Will be supervised by the SDRI

manufacturef s representative

2A.2 Two-Stage Borehole Permearneter Monitoring Procedures

Monitoring of the TSBs will niclude, flow measurements, water temperature readings, and TEG

readings The monitoring equipment manufacturez's operating procedures are presented in.

Appendix B The readings will be taken by field personnel tr-,.uned and experienced m TSB

monitoring. The readings will be recorded in field logbooks and then transferred onto the TSB data

forms (Appendix B)

2A.3 Two-Stage Borehole Permearneter Data Reduction and Evaluation
Procedures

Data reduction and evaluation will be accomplished by transferring the field measurements recorded

on the data forms onto computer spreadsheets for ease of computatiom Apparent permeability for

both Stage 1 and Stage 2 of the TSB tests will be calculated using the following falling-head test

equations as specffied in. the test method calculations (Appendix B)

k RTGWI-ýMA-tj

where

k - permeability in. cm/s

H, - initial head at t-t,

H2 = initial head at t=t,

t, - initial time

t2 = final time

ln - natural logarithm

G = geometric constant, depends on the individual test dimensions and is calculated
separately for each test

RT = kinematic viscosity correction to water at 68 degrees Fahrenheit as defined in.
ASTM D5084
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Throughout each stage of the tests, variations in apparent permeability will be evaluated, and the test

will be terminated when steady-state conditions are achievecL It is antimpated that each stage of the

two-stage test w311 require monitoring for approximately three weeks
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3.0 GEOLOGICAL AND GEOTECHNICAL DRILLING, SAMPLING, AND TESTING

This section describes the geological and geotechnical. drilling, sampling, and testing activities to be

conducted under Task 93-03 Section 3.1 describes the selection process for locating the three deep

boreholes within the proposed landfill. site as well as the procedures for drilling, coring, sampling,

and geological and geophysical loggmg Section 3.2 desanbes the rationale for shallow soil boring

locations within the proposed landfill site Drilling, coring, and sampling proceduxes: are also

described. Section 3.3 describes the cham-of-custody (COC) procedures. Section 3.4 desanbes the

geotechnical testing, and Section 3.5 describes data evaluation and reportmg.

3.1 Borehole Coring Program

This subsecton. describes the rationale for the selection of the proposed landfill siting deep borehole

locations, drilling equipment and procedures, and geological and geophysical logging proceduxes.

3.1.1 Borehole Locatioins

Three i5o- to 1754oot boreholes will be located in the western half of Section 25 et RMA to fin-ther

characterize the geology of this area as a potential landfill site The borehole locations were selected

by reviewing existing geologic logs and cross sections prepared from those logs The boring locations

were placed between existing well dusters and known borings to gather new data. These boring

locations may be subject to minor changes in the field (with approv-al of PMRMA). Figure 3.1 shows

the proposed borehole coring locations in Section 25

3.1.2 Drilling, Coring, and Geophysical Logging Equipment and Personnel

A drilling ng and crew will be furnished by the US Army Corps of Engineers Waterways Expen-

ment Station (WES) The drilling ng is capable of both auger and rotary drffimg. The WES drilling

crew wiU also provide a supply truck and water tuck. DnEing in the alluv-ium WM be accomplished

using an 8-mch-outside-chameter (01)) solid auger Continuous core samples of the alluvium Will be

collected by hammering a 24-mch-long, spht-barrel sampler in the open borehole Contnuouscores
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Geological and Geotechnical Program

of bedrock will be collected in a 5-foot-long, 4 5-mch-OD spht-spoon sampler using a rotary core

drilling technique

Drilling actvities will be directed by an HLA field geologist The geologist will be responsible for

cbrectmg the drilling crew, logging the core samples recovered, and directing the geophysical logging

subcontractor (Colog, Inc.)

3.1.3 Borehole Coring Procedures

Before field work is started, the geologist will he responsible for assuring that personnel (1) read and

sign the accident prevention safety plan, (2) are trained to operate the field eqLupment, and (3) under-

stand the field procedures described in this Work Plan. A31 work will be performed in accordance

with the Final Accident Prevention Plan CHLAL 1994b).

The boreholes are specifically located outside areas of known contamination; therefore, rigorous

decontammation procedures normally followed when soil samples are collected for chemical analysis

are not necessary for this program However, before starting and following completion of drilling

opexations, the drilling ng and associated downhole ecfLnpment will be decontammated. at the

CERCIA Wastewater Treatment System (CWTS) Decontamination of downhole eqmpment between

each borehole will only be necessary to maintain proper workmg order of the eqqpment.

A lithologic log will be prepared for spht-spoon and core samples recovered at each borehole The

samples will be logged immediately in the field and in more detail later using geophysical logs for

comparison. These logs will include alluvium and bedrock descriptions, stratigrapbic features,

details of observed structural featires, and other pertinent information. Sample recoverywill be

noted on the field logs, and the samples scanned with a photoionization detector (PID).

Colog, Inc (Colog), Golden, Colorado, will provide geophysical logging services during the conng

program- Colog will geophysically log each completed borehole after coring has been completed.

3.2 Harding Lawson Associaft 21907 102010.3
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Geololical and Geotechnical Program

Colog will use the following borehole geophysical techniques normal resistivity, spontaneous

potential, single-point resistivity, gararna, full waveform. sonic, neutron, and caliper. The geophysical

logging tools will be calibrated for the methods specified above before logging operations are mitated

and after logging operations are completecL The calibrations will be recorded and submitted to HLA

for review. The depth indicators for the geophysical logging tools will be set so that zero corresponds

with the ground surface before each run. The geophysical logging tc*ls will be n-rn twice over an

interval in each borehole The results of both runs will be compared as a means of verifying the

repeatability of results. The geophysical logging equipment win be decontuninat d before and after

workaig on this project. Field plots of the geophysical logs will be prepared with an expanded scale

of io feet per inch. The final logs will be plotted on vellum

Upon arrival at individual boring sites, the fOllowmg procedures will be implemented.

1 Water to be used in drilling and grouting will be obtained from a Contracting Officer's
Representative (COR)-approved water source

2 The HLA geologist shall check the boring location stake against the site location map to verify
the borehole location and perform borehole clearance for buried utilities and 3netalhc objects

3 PID background readings will be taken before intrusive activities begin. Field documentation
of all boring activities will begin at this fame and include the following information. boring
number-, date, and pertinent observations such as weather, s13.rface conditions, and field
equipment identificat2on numbers It is anticipated that the borings, will be drilled in
modified Level D personal protective equipment (PPE)

4 Once drilling starts, PID readings will be taken in the breathing zone and at the top of boring
The PID readings are taken for health and safety momtonng and boring location evaluation-
If the PID -readings are above background levels, the ng geologist -Will notify the task manager
immediately The level of PPE will be upgraded according to specific guidelines, and the
boring will be backfilled and a new boring location identffied.

5 The alluvium will be drilled wrth a sohd-stem (8-mch-OD) auger and sampled with 2-foot
spht-spoon samplers Blow counts and sample recovery data will be recorded on preprinted
boring logs and in bound field logbooks

6 After the alluvium has been spht-spoon sampled and drilled, it will be cased with 5-inch-
inside-diameter (ID) pvC casing, and pressure grouted in place

7 The pvc casing and gout will be left to set up for a mmm-LLM of 24 hours

8 The bedrock will be continuously cored at each borehole location to a consistent reference
datum elevation of approximately 5085 feet Therefore, one borehole Will be less than
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150-foot total depth and two boreholes will be greater than 150-foot total depth (ree
Table 3.1)

9 As the soil and rock core are recovered from the bormg, they will be logged by the geologist
on the lithologic log-

10 The core will be placedin core boxes with the top and bottom of depth labeled for each
section of core The quantity recovered will also be marked on the core box. The outside of
the core box shall be labeled with the boring number and core interval The core Will be
stored in Building 785 West until the core is no longer needed, at which time the core vrM be
retLuned to the site and spread on the ground.

11 A metal mud tank will be used to recirculate the drilling mud during coring. Soil cuttings
produced during drilling will be spread evenly around the drill site

12 Upon completion of the drilling and sampling, the boreholes will be geophysically logged by
Colog using the following logging tools.

- Normal resistimty

- Spontaneous potential

- Single-point resistivity

- Gamma

It
- Full waveform sonic

- Neutron

13 After the boreholes have been geophysically logged, they will be grouted to the surface using
a trem m i e pipe and pumped with cemerd/bentonite grout.

14 A stake will be placed at the borehole location with the appropriate boring identification
clearly marked The location and ground surface elevation of the borings will be surveyed by
a licensed surveyor and the coordinates will be forwarded to RMA!s data management
subcontractor, D.P. Associates.

Soil Boring Program

Up to 30 shallow boreholes will be drilled and sampled in Section 25 of RMA to gather detailed

geologic and geotechnical data for site characterization.

3.2.1 Soil Boring Locations

Geologic boring logs and cross sections from borings in Section 25 and northern Section 36 VVM be

reviewed. The data review and cross sections will help locate the boreholes for the drilling program.

Z4 Hardmig Lawson Associates 21907 102010.3
1007110494 WP



Table 3.1: Projected Borehole Drill Depths

--- Mý

Projected Projected
Thicknew Projected Surface

Boring of Alluvinm Total Depth Elevation
Number (feet) (feet) (fed)

BRB11094 225 175 5260
SAB11194 158 170 5254
A.SBI1294 27.2 145 5232

Bonngs wiR be termmated at apprommately 5085 feet elevat:Lon above mean sea leveL
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Geological and Geotachnical Program

The borehole locations will be cleared for utilities and other subsurface ob3ects using utility maps

and a metal detector before any drilling begins

Boring locations will be selected to optimize the density coverage within the proposed landfill siting

area. The most desirable geologic areas for siting a landfill in Section 25 (based on the suitability

anteria) will be targeted for study Figm-e 3.1 shows the proposed soil boring and coring locations

3.= Drifling and Sampling PersonneI6 Equipment., and Procedures

This subsection presents soil boring and geotechnical soil sampling procedures Procedures for

completing COC forms and slupping forms are also discussed.

Field Personnei

Soil boring activities will be accomplished by a two-person field team. The field team will consist of

an HIA geologist and an engineering technician OM. The ng geologist will log each boring in the

field as it is drilled, and continuously collect soil. samples The taslr, manager (TM) will review the

final field hthologLc logs The ET will assist the ng geologist wrth sample collection and be

responsible for sample handling, paclQiging, and shipment

Field Equipment

Borehole drilling will be accomplished using 3-1/4-inch-ID hollow-stem augers and a Mobile drilling

ng Spht-spoon samplers and shelby tubes (when necessary) will be used to collect soil samples

during drilling 1,ayne Environmental Services, Inc., will provide a ckilling ng, drill crew, water

truck, and a vessel to mix grout in for borehole abandonment HIA will have a truck to transport

sample coolers, sample bottles, and sample eqinpment.

Soff Sampling Procedures

The ng geologist will be responsible for assuring that personnel (1) have read and signed the Site

Safety and Health Plan, (2) are trained to operate the field equipment, and (3) understand the field

procedures described in this Work Plan.
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Each boring location must be cleared for utilities and metallic ob)ects before drilling can begin, The

TM will make sure that COC forms and labels are prepared for each borehole Information from

previous boreholes in the areas being dnEed will be provided to the ng geologist Data from the

boreholes; will be -recorded on preprinted boring logs and in bound field logbooks;

Up to 30 borings will be drilled and sampled as part of the area feasibffit3r subtask- The borýngs will

be continuously sampled to a depth of approximately 50 feet or into bedrock. The alluvium Will be

logged for hthology and blow counts will be recorded to collect geotechnical information. Samples

will be collected for geotechnical testing fiom every 5-foot mterval. Undisturbed soil samples vall be

collected using spht-spoon samplers and shelby tubes when necessary. It is anticipated that the

borings will be drilled in Level D PPF- The borings have been located outside areas of known soil

contamination, and if any sustained readings above background are detected in the field using a PID,

drilling will be stopped and the level of PPE will be upgraded at necessary

Before starting and after completion of drilling operations, the dn1ling rig and associated downhole

equipment will be decontaminated at the CWrS However, decontamination of downhole equipment

between each borehole will not be necessary

Upon arrival at individual boring sites, the followmg procedures v;ffi be unplemented.

I Water to be used in drilling and grouting will be obtained from a COR-approved water
source

2 The H1A geologist or technician shall check the boring location stake against site location
maps and pertment borehole clearance information to verify the boring location.

3 An HNu PIOD will be used to obtain background readings before mtrasive activities begin.
Field documentation of all boring activites: wM begin at this time and include the following
information boring number-, date, and pertinent observations such as weather, surface condi-
tons, and field equipment identfication numbers

4 Once drilling commences, PID readings will be taken in the breathing zone and at the top of
boring The PID readings are taken for two purposes health and safety monitoring and
boring location evaluation. If the PED readings are above background, the rig geologist will
notify the TM immediately, and two actions will be taken. The level of PPE will be upgraded
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according to specific guidelines, and the boring will be backralled and a new boring location
identLfied

5 Soil cuttings produced during drilling will be spread evenlv around the drill site

6 As the soil core is recovered from the boring, it will be logged by the site geologist on the

hthologic log Soil cuttings from the auger Will also be monitored for hthologic changes and

noted on the boring log

7 The samples will be contnuously collected and those samples to be analyzed will be selected

following completion of the borings and a review of the boring logs

8 Most samples will be colleciedm wide-mouth)ars for geotechnical analysis Additional

material will be collected in shelby tubes and 5-gallon buckets The 5-gallon bucket samples

will be collected from the auger flights. Sampling technique, sample depth, and fractions

collected will be recorded on the hthologic logs, COC forms, and sample tags.

9 The residual soil core will be packaged for storage at Builchag 785 West until no longer

needed, at which time the residual soil cores will be returned to the site and spread on the

ground.

10 The bonngs will be terminated at bedrock or at 50 feet, whichever is encountered first If

groundwater is encountered, the boring will be terminated at the groundwater level

11 Upon completion of the soil sampling, the bormg will be backfilled with portland type Vff

cement with 5 percent bentonite. Residual soil Will be removed from the auger bits and soil

samphng equipment-

12 A stake will be placed at the borehole location with the appropriate boring identification

clearI5 marked The location of the boring will be surveyed by a licensed surveyor and the

coordinates will be forwarded to D.P Associates

13 Samples A-iD be labeled and stored onsite pending selection of samples for subsequent

geotechnical analyses At the conclusionof the program, unused samples Will be spread

eveal-, over ground surf-ace at a location approved by PNEM4-

3.3 Chain of Custody

The L7 -.%-M place the correct COC forms within the designated sample cooler beforerelinquishing

the cooler to the ng geologist These forms include an inventory of the samples and a listing of those

persons -.%-ith access to the samples The forms will be transported vath the samples at all times.

Possession of the samples will begin with the sample collectors All subsequent sample transfers will

require the relinquisher and the receiver to sign, date, and record the time of transfer on the COC

forms
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0

Data on final COC forms will be checked by the ET and will include the sample number, samplees

signature, collection date and time, fractions collected, and sample depth. The ET will check these

data against the boring logs and field logbooks transnutted by the ng geologist

At the end of each day, all samples vall be brought back to the trailer for packaging The IýT wiU

complete the COC forms and review field logbooks and field data sheets for errors and omissions

Sample fractons, will berepackaged with a layer of plastic bubble wrap below and above the

samples, in heavy-duty coolers to ensure that the samples win not break during shipment COC

forms will be placed in waterproof bags in their corresponding coolers. All coolers will be sealed and

-wrapped in accordance with PMRMA slupping requirements Evidence tape will be placed across

each cooler to ensure that the contents are not violated during shipping The last person to sign the

COC form for each cooler will sign and date the evidence tape. The COC forms will be signed over

to Pl%,ýs transport courier PMRMA will ship the samples by air freight (Federal Express) to

InA!s geotechnical laboratory

3.4 Geotechnical Testing

A series of laboratory geotechnical tests will be performed on soil samples collected during the soil

boring program to evaluate the geotechmcal characteristics of the soil in the preferred landfill area.

The geotechmcal testing will be performed by HLA7s geotechnical laboratory in Houston. Texas

Samples for geotechnical testing will be selected at 5-focrt intervals from the boreholes The

following geotechnical tests will be performed-

Geotechnical testing to include approximately 350 samples for the following tests-

Grain-size analysis (ASTM D422)

Atterberg limits (ASTM D4318-84)

Natural water content (ASTM 2216)
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Remolded compaction (ASTM D698)

Remolded permeability (IEM1110-2-19096) at 90 and 95 percent relative compaction

Shrink swell (ASTM D427)

Organic content (ASTM D2976)

Flexible wall permeameter (ASTM D5084-90)

Shear strength consolidatedundramed (ASTM D4767-88)

Shear strength unconsolidated undrained (ASTM D2850-87)

Approximately 100 percent of the samples will be analyzed for grain size, Atterberg Innit , and

natural -water content The remaining tests will be performed on approximately 10 percent of the

samples

3-S Data Evaluation and Reporting

The data from the borehole coring and geophysical logging, soil boring and sampling, and geotech-

mcal laboratory testing subtasks will be included in the Site Feasibility ReporL These data will be

integrated into the area feasibility subtask and used to evaluate the feasibility of constructing a

landfill using the existing foundation materials

The borehole coring and geophysical logging data will be used with existing geologic data to generate

additional detailed geologic cross sections within Section 25 Drafted lithologic logs of each borehole

will be produced. The geophysical logging data will be used to correlate between the boreholes and

to compare with the geologic core. A map will be generated that includes the new and existing

boreholes, and also shows the location of newly constructed cross sections

The soil boring geologic logs and geotechnical testing data will be used to generate shallower geologic

cross sections and characterize the geotechnical properties of the soil in the we-stem half of

Section25 The geotechnical test results will be submitted to PMRMA through the data management

subcontractor, D.P Associates.
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4.0 ACRONYMS AND ABBREVIA11ONS

Army US Department of the Army

ASTM American Society for Testing and Materials

bgs Below ground surface

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

cm/s Centimeters per second

COC Chain of custody

Colog Colog, Inc

COR Contracting Officer's Representative

CWTS CERCIA Wastewater Treatment System

DAA Detailed Analysis of Alternatives

DSA Development and Screening of Alternatives

ET Fn$Uneenng technician

FFA Federal Facilities Agreement

FS Feasibility study

BLA Harding Lawson Associates

ED Inside diameter

Y, Vertical permeabilrty

r-b Horizontal permeability

NCP National Contingency Plan

CID Outside diameter

PID Photoionization. detector

PMRMA Program Manager for Rocky Mountain Arsenal

PPE personal protective equipment

RAOs Remedial action objectives

RMA Rocky Mountain ArsP-nal

ROD Record of Decision
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Acronyms and AbbreviaGons

SARA Superfund Amendments and ReauthorizationAct of 1986

SDRI Sealed double-ring infiltrometer

TEG Temperature effect gauge

TM Task manager

TSB Two-stage borehole

USFWS U S Fish and Wildlife Service

WES Waterways Experiment Station
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INSTALLATION AND OPERATING INSTRUCYrIONS FOR
THE SEALED DOUBLE-RING INFILTROMETER
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INSTALLATION AND OPERATING INSTRUCTIONS FOR THE
SEALED-DOUBLE RING INFILTROMETER.
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1.0 SUINLNIARY OF TEST 1%1E,THOD

The Sealed-Double Ring Infiltrometer (SDRI) can be used to measure the
vertical, one-dimensional infiltration rate of water through soil This device provides a
means to measure low infiltration rates, those associated with fine-grained, clayey
soils, and are in the range of Ixl0-5 cm/sec to 1xl0-8 cm/sec The SDRI is
particularly useful for measuring liquid flow through soil moisture barriers such as
compacted clay liner or covers used at waste disposal facilities, and amended soil liners
such as those used forretention ponds or storage tanks.

A schematic of a typical test installation is shown in Fig. I The trifiltrometer
consists of an outer ring (12' x 12') and an inner ring (5' x T). The rings are grouted
in trenches excavated in the test area The outer ring is placed at a depth of 14 in. to 18
in, the inner ring to a depth of 4 in. to 6 m. Both rings are filled with water. The outer
ring is filled to a depth of approximately 12 in., submerging the inner ring The top on
the inner ring seals the water within it from the atmosphere.

Installation requires a level, obstruction free work zone approximately 24' x
24' A primary concern before and during installation of the infiltrometer is
desiccation. Before installation, desiccation can be minu-nized by covering the test area
with plastic. Plastic sheets for this purpose, 20' x 100', are readily available at most
building supply stores. Spreading a thin layer of soil over the plastic will prevent it
from blowing away During installation, desiccation can be romirni ed by removing
plastic only in areas being worked, and recovering areas once work has been completed.
Water should be sprayed on any soil that is exposed for long periods of time.

Measurement of flow is made by connecting a flexible bag, filled with a known
weight of water, to a port on the inner ring. As water infiltrates the ground and leaves
the sealed inn ring, it is replaced with an equal amount of water drawn in from the
flm-ble bag- After a known interval of time, the flexible bag is removed and weighed.
The weight loss, converted to a volume, is equal to the amount of water that has
infiltrated the ground. An infiltrauon rate, usually expressed in cmisec, is then
determined using this volume of water, the area of the inn ring, and the interval of
=e that the bag was connected to the inner ring ThiLs piocess is repeated and a plot of
infiftrauon versus =e is constructed. The test is continued until the infiltration rate
becomes steady or until it becomes equals to or less than a specified value

The advantage of the SDRI over other mfiltrometers is the capability to measure
lou mf'Lltrauon rates- This is accomplished by measurag the actual quantity of flow
rather than a drop of elevation in the water level and by elimmating evaporation from

the ring utiere measurements are made.

2.0 PARTS LIST

First check to see that the following parts were included with the Sealed Double

Ring Infiltrometer .

a 4 - aluminum panels approximately 12' x 36'

b I- fiberglass inner ring approximately 5' x 5'
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c. 36 - of each of the following 3/8" round head bolts and nuts
d. 2 - flexible bags with pinch valves and barbed connectors
e. I - 112" NPT plug fitting
f. I - 112" NPT fitting with straight-barbed connector
g. 1 - 112" NPT fitting with elbow -barbed connector
h. I - 15' length of 318"od x 114'id clear plastic tubing
L I - 1/4" brass plug fitting for sealing end of plastic tubing
J. I - tee fitting
k 4 - rubber gasket strips
1. 1 - tensiometer set (optional -. see Appendix A)
m. l.- swell pge (opuonal - see Appendix B)

In addition to the list above, the following items will be needed to assemble and
install Ihe SDRI

a. I - flat bladed screw driver for assembling the outer ring
b. 1 - 9116" wrench for assembling the outer ring
c. I - brick or masoifs hammer for excavating trench for the inner ring
d. I - adjustable wrench for installing fittings on inner ring
e 1 - knife or scissors for cutting tubing
L I - trenching machine for excavating outer ring trench
& 5 - 5 gal. buckets to mix grout and place on inner ring
h. water supply - approximately 1200 gallons is needed to fill rings
1 bentomte grout to place in trenches
j cover for rings (see Appendix C)
k I - thermometer to monitor temperature in outer ring
I surveyor's level and rod
m. I - scale to measure the depth of the water in the outer ring
n grout mixer, shovels, and wheelbarrows for preparing grout.
o cinder blocks to stand on when connecting fitungs to inner ring and also to

hold down platform for flexible bag
p trowel
q scale - 40OOg capacity sensitive to Ig
r . I - 14' 2x4 to use as guide when excavating trench
S plywood (2'x3'xl/2") to use as splashboard and platform for flexible

bags

3.0 ASSEMBLY OF OUIER RING

Installauon starts with the assembly of the outer ring as follows

I . Carefully uncrate the aluminum panels. Save the crate for future
shipping.

2. Carefully tilt up two panels and align edges and bolts holes (Fig
2) Support panels on both ends as they bend easily, particularly
in wmdy eDnchlions.
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3. Wipe panel edges clean around bolts holes Also wipe rubber
gasket strips clean-

4 Place a rubber gasket between the panel edges and insert bolts
through the holes Turn nuts on bolts antil finger tight.

5 Tilt up remaining panels, one at a time, and bolt edges together as
described above

6 Position outer ring so that it is square Tum nuts on bolts until
snug. Do not overtighten as this will cause panel edges to bow
apart between bolts.

4.0 EXCAVATION OF TRENCH

Ihe area to be tested should be level with a slope no greater thaii 4" over 12'
Slopes of this magnitude are dffficult to detect by eye, so a surveyor's level should be
used tc) check elevations. ffigh and low areas should be noted so that trench depthin, these
zones can be adjusted to keep rings level.

Procedures for excavating, trenches are described below.

4.1 -OUTER RLNG

I. Set the outer ring on the area to be tested so that it is square

2. Scribe a mark on the ground along the lower edge of ibe ring.

3. Lift ring and place it aside while trench is being excavated.

4. Place the edge of a 2x4 along scribe marks and paint, a line on the
ground. Extend line approximately 5' beyond each corner. This
will help in alignin trenching machine. .

5. Use a trenching machine to excavate the trench (Ditch Witch
Model No 1010 or equivalent). Select a machine that makes as
narrow a trench as powible, no more than 4" - 60 m width- The
naxrower the trench, the less grout needed to fffl it. Align the
trenching machine with the boom over the pamt line. The side of
the trencher whach removes the excavated dirt should be pointed
away from the test area. Offset a 2x4 so that it is parallel to the
paint line and aga= the wheel of the trenching machine inside
the test area- Paint a line along edge of 2x4 to mark its position.
Use the 2x4 as a guide by keeping the wheel of the trencher
against it while excavating the trench- Excavate so that the
deepest point is 18". Limit the amotuit of over excavation at
comers as ihis will only increase the volume of grout needed-

In some soils, several passes may be needed to reach the required
depth. Typically, the higher the plasticity index, the greater the
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number of passes Loose soil in bottom of trench and packed in
comers should be removed by hand.

6. Once trench has been excavated and loose material removed,
carefully place outer ring in trench to check fit Make
adjustments as needed The ring should be level (±I") After
adjustments are made, lift ring out of trench and set aside Cover
trench to keep soil from drying while grout is prepared.

4.2 rQN-ER RriG

I. Center fiberglass inner ring within outer ring- Scribe a mark on
ground along lower edge of inner ring.

2. Note the onentauon of inn ring and set it aside. Also lift outer
ring and place it aside. Cover outer ring trench to keep from
drying.

3. Use a brick hammer (mason!s harnmer) to excavate a narrow
trench. Trench should be approximately 2" wide and 6" deep
When using brick hammer, it is best to start by digging down
several inches in one spot and advancing trench forward by
chopping down on soll- Try not to pry soil up as this tends to lift
up large wedges, open cracks, and causes the trench to be
oversized . 1

4 Place the inner ring in the trench to check the fit. Excavate any
areas where the ring does not fit. Use a surveyor's level to check
elevation of the corners of the ring The inner ring should be
level or tilted so that lower end is slightly below horizontal. If
lower end of ring is above horizontal, air may be mapped in
when ring is filled with water.

5 Set the ring aside and cover the trenches.

5.0 INSTALLATION OF THE RINGS

5-1 PREPARAnON OF GROL71

A product sold by American Colloid called "Volclay Grout" works well for sealing
the rings. Between 15 to 20 bags of Volclay Grout are needed for 4" wide by 18" deep
trench. lf this product is used, add between 15-20 gallons of water per 50 pound bag
The most convenient way of mixin the grout is to use a 4 bag grout mixer. Two bags of
grout can be prepared at a tune. Frrst add 15 gallons of water to the mixer and then
slowly add the grout . Adding the grout too quickly will result in a mixture with large
chimps. Add 15 more gallons of water and then add the second bag. Add additional water
as needed until the grout flows easily

5.2 01-37M RING

1 . Prepare enough grout to fill the outer ring
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2 Remove the cover trom the outer ring trenches and clean all loose
dirt out of the trench.

3 Use a wheelbarrow to place grout in the outer ring trench Use a
sheet of plywood from the outer rmg cnate as a splash board to
guide grout into trench and from getuag on ground inside the
trenches

4. With one person at each comer of the outer ringr,, lift it and
center it over the trench Slowly push the rmg in place while
keeping it level- Once in place, use a trowel to push the grout
aga= both the inside and the outside of the ring , particularly at
the comers, to obtain a good seal.

5. Pile loose soil (12" high) all around the outside edge of the outer
ring (Fig. 3) This berm will prevent the nng from bowing and
will keep grout from being pushed out of the trench when the ring
is fffled with water. The berm also serves to insulme the outer
ring which trunanizes temperature chang,,,e s in the water.

5.3 LNNER RING

I Prepare a tbicker mix of grout for the inner ring trench-

2. Remove the cover from the inner ring trench and clean all the
loose dirt oui of the trench. Also clean off the surface of the area
sumunded by the inner rirg, trench.

3. Fill the trench to within 314" of the top. Rod the grout to remove
any ak pockets

4 Lift the inn r ring and center it over the trench. Lower it into
1he trench and push it down into place Use a surveyors level to
check the elevation of the corners of the ibV, Make sure that the
lower end of the ring is not tilted or raised above horizontal as
discussed before.

5 Use a trowel to press the grout against the outside wall of the ring
in order to obtain a good seal.

6 Cover the grout to prevent desiccation.

6.0 TENSIOMETFYS

If it is desired to know the position of the wetting front during
infiltration, it is recommended that tensiameters be used. A description of
tensiometers and installation procedures are given in Appendix A-
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7.0 SýNTLL GAGES

If the soil has a high potential for swelhncr it is recommended that swell be
measured during the test. Swell can be measured by monitoring the vertical movement
of the inner ring during the test. As the soil beneath the inner ring sweUs, it will lift
the inne ring A procedure for momtormg swell is described in Appendix B

&0 FULLNG THE RINGS

It is best to fill the rings slowly so that the seal can be checked for leaks It is
much easier to repair a leak when the water level is low than when it is high.

When filling the inner ring, it is important to realize that water causes an uplift
force to act on the ring. If the ring is flUed to too high a level, the uphft forces can lift
the ring out of the ground- For this reason buckets of water are placed on the inner ring
before water is is added to it.

The general procedure for filling, the rings is as f6flows First, the inner ring is
partially filled and let to sit to check its seal. Next, the outer ring filled. The ports on
the inn ring are left open so it will fill as the water level in the outer ring rises

The fittings are attached to the inner ring after the outer ring is filled- The
cmder blocks are used to provide a place to stand when attaching the fittmags Place
several cinder blocks on the ground in the vicinity of ports on the inner ring Also place
several cinder blocks on the ground just inside the outer ring to provide a place to lay
the flexR)le bag during the tm

Detafled instructions for filling the rings are given below

8.1 IINNTER RING

1 Fill two buckets with water and place one on each corners of the
low edge of the mner ring Make sure that the buckets are placed
on the edge of the ring and not in the cente as this may cause the
fiberglass to crack Try not to spill any water around the inner
ring as this will make it difficult to check for leaks around the
seal later on-

2. Invert one bucket on the ground near the ports on the inner ring,
Fill a second bucket with water and place it on the inverted
bucket.

3. Cut a length of the flexible tubing long enough to reach from the
bucket to the top port. Use this uibe to siphon the water from the
bucket to the inner ring. Siphon a total of three buckets (15
gallons) of water into the inner ring.

4 Let the water in the inner ring stand for at least 30 Min. Check
for leaks in the min ring seal and repair any that are found-
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8.2 OU"MR RLNG

I Place a piece of plywood from the outer rmg crate on the ground
between the inn and outer ring Place a b;cket on the plywood-
Put the end of the hose that is to used to fill the rings into the
bucket.

2. Slowly fill ihe rings at a rate that will riot scour the soil

3. Should a leak occur, repair it by pushing down on the grout on the
inside edge of the outer ring first, then pressing down on the
grout along the outer edge.

5. When the water level is at the top port on the inner ring, stop
filling and allow the water level in the inner ring equilibrate
with the watex in the outer ring.

6. Continue to fLU the outer ring until the water level is
approximately four inches above the top port on the mr ring (a
depth of approximately 12*). Use a board or shovel handle to
gently tap the inner ring to chslodge air bubbles that are trapped
inside. Continue tapping on the inner ring until bubbles cease to
emerge from the top port.

7. Remove the buckets from the top of the itmer

9.0 a"STALLATION OF FMTqGS

Before installing any fittings into the ports of the inner ring, check that all the
threads are wrapped with teflon tape. Screw fittitigs in slowly at first and check that
they are not cross-d=ded. The threads in the fiberglass can be swipped easily. Also,
do not overtighten the fittings as this may crack the fiberglass-

Detailed instructions for installing the fittings are given below.

1 . Find the plug fitting and install it in one of the lower ports.

2. Find the two fittings with the barbed hose connectors. The
straight fitrmg goes in the lower port and the elbow fitting, goes
into the top port. Saturate the fittings before connecting them to
the inner ring.

3. Cut two lengths of tubing, one 3' long and the other -P lonor,

4. Place the two pieces of tubing under water to Saturate them. Be
sure that all the air is removed from the tubing before connecting
it to the inn ring Any air remaining in the tube will be drawn
into the inner ring.

5. Push one end of the long piece of tubing onto the top port fitting
Find the smaJI brass plug fitting and insert it into the other end of
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the rubmg This tube is the flush tube and is used to purge air
that has become trapped in the inner ring

6. Connect the short piece of tubing to the lower port fitting This is
the inlet tube through which flow measurements are made Fix
the open end of the tube to one of the cinder blocks near the wall
of the outer ring. Be sure the end of the tube does not float to the
surface and suck in air or fall to the bottom and suck in mud.

10.0 COVERLNG THE RINGS

The rings should be covered throughout the test. Its best to construct a cover of
plywood, 2x4's, and insulation. The primary purpose of the cover is to minimize
temperature change of the water in the rings, block sunlight, and prevent from wind
blowing over the water surface. Supplies and material for buildinýg, a cover are given in
Appendix C.

11.0 DATA COLLECTION

The data collected during the test includes flow measurements, water
temperature, water level measurements, swell measurements, and tensiometer
readings Sample data sheets are attached to these instructions. The procedures used to
collect these measurements are discussed below.

11.1 FLOW

Measurement of flow dirring, an SDRI test is made using a flexible bag The bag is
filled water, weighed, connected to a port on the inne ring, and submerged in the water
of the outer ring. Any water that flows out of the inner ring into the ground win be
replaced by an equal amotint of water from the bag. Period=Hy, the bag is removed and
weighed to detmm:me the amount of water that was lost.

Besides convenience and simplicity, a key feature of using a flexible bag to
measure flow is that a constant pressure difference is mnintained across the wall of the
in= ring. Consequently, the inner ring does not expand or contract when the water
level changges in the outer ring.

The flow measurement data is used to construct a plot of inflitrawn versus time.
For unsaturated soils such as compacted clay liners and covers, infiltration decreases
with time at first, changing rapidly at the beginning of the test, and then eventually
becommg constant with time as the soil becomes saturated. Consequently, more frequent
readings are needed at the beginning of the test and less frequent readmgs are need as the
flow rate becomes steady

Typically, flow rates at the beginning of the test (< three weeks) range from
1000 ml to 3000 ml per day. One reading per day has been found to be sufficient during
this time. When infiltration stam to level out (three to four weeks) one reading in
several days is all that is necessary.
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Temperature changes of the water in the inner ring can introduce si 'gmficant
error in the flow measurements A I change in water temperature can result in a flow
of 50 ml due to volume change of the water in the inner ring as well as in the inner ring
itself. To avoid ihis problean, the bag should be disconaected from the inner ring when
the water temperature is within :tl OC of the water temperature when the bag was
connected. This is particularly imporiant if the flow rate is less than 500 ml/day

Experience has shown that if the rtngs: are covered and a layer a polystyrene is
used for insulation under the cover, the temperature of the water from one morning to
the next does not vary by more than 10C. More consistent readings are obtained if they
are taken on a 24 hour basis and the bag is connected and disconnected between 7ain and
9am. It should be noted that the water temperature may change by several degrees
during the day but that these cyclic variations are only a problem if readings are made at
different temperatures Allowing the bag to remain comected until at least 1500 ml of
flow has occurred also helps to Tninimi e the effect of temperature changes on the
measurement of infiltration rate

The bag should never be allowed to empty when connected to the inner rmg When
the bag empties, a suction wifl develop in the inner ring and it may jepoardize the seal.
The most likely time that tie bag will empty is at the beginning of the test when flow
rates are not known. For this reason, the bag should be checked often when first
connected. An initial reading should be made after several hours so that a flow rate can
be calculated and an estimate of when the bag will empty can be made

It should be noted that it is not necessary to have the bag connected to the inner
ring continuously. If the flow rates are high, (>3000 ml/day) it may be more
convenient to connect the bag up to the inner ring for several hours a day and let the
inlet tube open in the outer ring for the remainder of the time. Whether the inlet tube is
connected to the bag or open to the outer ring does not affi:ct the infiltration rate. Just be
sure if the tube is left open that it is propped in such a way that it does no suck in air or
soil. If it is desired to measure. flows greater than 3000 ml/day, a tee fitting has been
provided so that two bags can be connected to the inlet tube at once.

Detailed instructions for using the bag given below

11.1.1 Filline the- bag.

1 Fill a bucket or a 5 gallon water jug with water and allow to stand
for 24 hours to degas.

2. Cut a piece of flexible tubing long enough to reach from the
bottom of the jag, or bucket to a fleod-ble bag laying next to it

3. Connect the tube to the valve on the bag and siphon water from the
jag into the bag until it is filled.

4. Lift the bag above the water mn-face in the jug. Hold the bag with
the inlet port at the top and squeeze it to remove all the air.
Squeeze the bag long enough to force the air out of the tube and
then lower the bag so that water will flow back into it. Repeat
this process until all the air is removed.
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5 Once all the air is removed, fill the bag slightly less than full and
shut the valve. Avoid completely filling the bag so that the water
in it is under pressure.

6. Dry the bag and valve -thoroughly If small amounts of flow are
expected (20 ml or less) then be sure that the tube connector
remains fall of water-

7 Weigh and record the initial weight of the bag to the nearest gram

11-1.2 Connecting the bga to the inige . -

1. Connect the bag to the inlet tube as follows. Lower the bag into
the water of the outer ring Onent the valve so that the tube
connector is pointed up Flick the tube connector so that any
entrapped air bubbles will be removed from it. It is important
that no air bubbles are present m the tube connector or bag as
they will be drawn into the inner ring or may even block the flow
of water from the bag to the inner ring With the bag completely
submerged push the tube connector into the mlet tube Lay the
bag flat on the cinder blocks Be sure to position the valve so that
it is not folded back onto the bag and possibly pinching off the
flow path-

2. Start flow measurements immediately as follows. Use the
attached data sheet and record the date and time next to the mitial
weight of the bag Carefully open the valve and allow flow to
occur.

3. Periodically determine the arn tint of flow that has occurred as
follows. Carefiffly close the valve and disconnect it fmm the inlet
tube. Be sure to close the valve before handing the bag. Also, be
sure to prop up the open end of the inlet tube for the reasons
mentioned previously. Record the date and time that the valve
was closed . Remove the bag from 'the inner ring, dry it
thoroughly, and record its weight. As before, make sure that the
tube connector is filled with water to be consistenL Sub=ct the
final weight from tne imnal weight to obtain the amount of flow
that has occture4.

4 Refill and reweigh the bag if necessary and connect it to the inner
ring. Always check to see that the valve on the bag or the inlet
tubing has not become cloged. With time, algae may grow in the
tube. If tbas is the case then the tube should be cleaned or
replaced.

Two bags have been supplied. If flow rates are greater than 3000 ml/day, both
bags can be connected to the inner ring at the same time by using the tee fitting(Fig 4)
that has been supplied. If the flow rate is less than 30DO n3l/day, the extra bag can be
filled and weighed in advance so that it can be connected to the mlet tube when the other
is removed. By doing this, only one trip to the ring is needed to take a readi a
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When connecting a bag to the inner nng, be sure that the valve is closed. If the
barg., is accidentally lifted out of the water with the valve open, it is possible to lift the
inner ring out of the ground or rupture the seal. Each inch of head of water produces an
uplift force of about 125 pounds on the inner ring, so holding the bag several inches
above the water level with the valve opened can easily lift the inner ring out of the
ground.

11.2 WATER LEVEL

The infiltration rate vanes with the depth of the water level in the outer ring.
For this reason, the water level should be recorded each time a flow measurement is
made. Water should be added to the outer ring occasionally in order to keep the water
level to within ±112 inch of the initial level. A scale taped to the inside wall of the outer
ring Tn:;I- s it convenient to monitor the water level.

11-3 TEMPERATURE

The temperature of the water in the rings should be monitored closely for
reasons disewsed previously. If temperature is monitored with a thermometer, then
measurements need to be made as close to the inn nnýg, as possible The recommended
procedure is to put the thermometer in a soda can and then place the can on the ground
next to the inner ring. Remove both the can and the thermometer to take a reading. The
water in the can should remain at the same temperature as the water near the inner ring
long enough to take a readmg.

11.4 PURGING AIR FROM Eleý RING

During the test, it is possible that air may rise out of the soil and become trapped
in the inner rmg This arr should be purged from the umer ring and an estimatc of its
volume made. If the volume is significant (>20% of flow since the last time the ring was
purged) the infiltration rate should be corrected to accotuit for it.

The procedure for purging the irm ring of air is described below-

1 Disconne t bag inlet tube. Use a board or shovel handle and gently
tap on the inner ring to get the air bubbles to rise to the flush
port.

2. Lift the flus]i tube out of outer ring and lay end of tube on the
ground. The end of the tube needs to be below the water level so
that water can be siphoned out of mn rn3g.

3 Remove plug from end of flush tube. Water and air if present
will start w flow out of inn ring. If air completely fills the
tube, the syphon will be IOSL If this happens, submerge end of
tube in water of outer ring and work air out of tube. Once the
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tube is saturated, place plug in end of tube, lift tube out of nng
and place on ground. Remove the plug and allow water to flow
from end of tube (if tensiometers are being used, the hand pump
can be used instead to restart the siphon by pulling a vacuum on
the end of the tube)

4. Allow water to flow from end of tube until air ceases to emerge
from inner ring. Replace plug in end of flush tube and place tube
back into outer ring.

5. Wait at least 30 mTn before taking any flow measurements.

Purge the in= ring on a -weekly basis until no significant amount of air is found-

12.0 DATA REDUCTION'

12.1 rqFILTRATION

hfiltration (1) can be determined as follows-

I - Q/(At)

where-

I = infiltration (cm/sec)
Q = volume of flow (cm3)
A = area of flow (cm2)
I = time interval m which Q was determined (sec)

Two factors that can have a significant effect on the infiltration rate are
temperature changes and sweffing of the soil- If either are significant, the infiltration
rate should be corrected to account for it The total flow (Q) that is measured is the mrm
of the following.

Q - Q, + Qs +Qt

where

Qi = flow due to infiltration

Qs = flow due to swell

Qt = flow due to temperature changes

The infiltration rate corrected for swell and temperature changes is.

I - Qi I At

where:
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Q, = Q - Qs -Qt

Temperature changes can be raman, ed as discussed previously and consequently,
Qt is seldom significant.

The remaining portion of flow to consider is Qs, the flow due to soil swell. The
process of water infiltratmg an unsaturated swelling soil is complex and difficult to
analyze Presently, there is not an accepted procedure to account for the effect ot soil
swell on the infiltration rate. The author is of the opmLon however, that a close estimate
of Qs can be obtained as foflows Fnst, it is assumed that any volume change that occurs
is vertical- Second, it is assumed that all of the additional volume generated by the
swelling soil is filled with water that infiltrated the soil. Based on these two
assumptions:

Qs = Ah x A

where

Ah = vertical swell of soil beneath mner ring

A = area of inner ring

12.2 HYDRAUMC CONDUCTIVITY

Hydraulic conductivrLy (k) m the saturated zone can be determined as follows:

k = Q/(iAt)

where-
Q = volume of flow (cm3)
A = area of flow (cm2)

t = time interval in wb-Lch Q was determined (sec)

1 = gradient
= Ahl As

Ah = head loss

As = length of flow path for which Dh is measured

since.

I = Q/(At)

then

k = Ili

The determination of k depends on calculating a value for the gradient (i). Unue

the calculations for I and 1c, the determ3nation of i is not straight forward. The

pnrameters; used to calculate i for a typical infiltration test are shown in Fig. 5. These

parameters are used to calculate the gradient as follows-

(H + D + Hs) / D
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where

H = depth of water ponded in nnre,.,s
D = depth to the wetting front
Hs = suction at the wetting front

There are differing opinions on what value should be used for Hs One view is
that Hs should be equal to the ambient suction in the soil below the wetting front. The
ambient suction can be measured with tensiometers can be quite high, yielding values of
Rs as lugh as 700 cm. of water. Another view is that Hs should be equal to zero, ie the
suction in the soil at the wetting front. has no influence on the infiltration rate, Hence, if
the position to the wetting front is known, the gradient is simply (H + D) / D.

The author fetls that the second view (Hs = 0) yields a close approximation to the
actual gradient Measurements made at several sites have shown that the drop in
infiltranon rate versus time can be accounted for by the increase in D as the wetting
front moves through the soil. If suction had an influence, a much larger decrease in the
infiltration rate would have occurred.
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APPENDIX A

TENSIOMETER DESCRUMON AND LNSTALLAnO-N LNSTRLCTIONS

A schemntic of a tensiometer is shown in Fig. 6. It consists of a sealed plastic
tube with a porous tip on one end and a vacuuin gage on the other 'Ihe tube is filled with
water and then sealed. Operating instructions have been included with the tensiometers
A preferred method of installation however is described on Fig 6. Disregard the
installation procedure desc:ribed in the trianufacturer's instructions. Driving a pipe may
crack the soil and open up flow channels.

Tensiometers work as follows If the soil is unsaturated and there is good contact
between the up and the surrounding soil, watcr will be drawn out of the tube and the gage
will register a suction. As the wetting front passes the the tip, the suction will decrease
and water will reenter the tensiometer until the suction goes to zero Good performance
of tensiometers depends on saturating the tensiometer and achieving good contact between
the tensiometer and the surrounding soiL

It is recommended that nine tensiometers be used, three at each depth of 6", 12",
and 18". A s;uggested layout for the tensiometers is shown in Fig. 7. Auguring a hole and
pushing the tensiometer in place is preferred to formtrig a hole by driving a pipe into the
ground-
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Figure 6. Schematic of a Typical Tensiometer Installation



APPENDIX B

STATMI, NffASUREMEN"IS

An arrangement that can be used to measure swell is shown in Fig. S. Tlus
arrangement consists of stretching thin wire between two fence stakes that have been
driven into the ground close to the outer ring. The stakes are aligned so that the wire is
positioned directly above two handles on the in= ring. The wire serves a a reference
elevation to monitor upward movement of the inner nng. A swell gage is used to
establish a reference distance between a reference mark on a hantile and the wire. The
swell gage consists of a dial gage mounted to a rod. The position of the dial gage on the rod
is fixed.

It is recommended that two wires be used so that the elevation of all four handles
on the in= ring can be monitored. A olt can be attached to the handle by driffing a 3/8"
hole through the handle The bolt head can serve a reference point for the end of the
swell gage rod. Ininsil readings are. taken before the rings are filled to serve as a
reference It is also recommended that the elevation of the wires be surveyed and
referenced to a benchmark located away from the rings. If a discrepancy occurs in the
readings, the wre can be surveyed to check that its position has not changed.
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APPENDIX C

COVER DESCRIPIION

It is highly recommended that a cover which insulates the nngs and blocks
saiffight is be used durmg the tesL A cover consistmg of plywood, 2 x 4's, and msulanon
is shown in Fig. 9.
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Fig. 9a. SDRI Cover
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APPENDIX D

DATA FORINE
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THE STEI TWO-STAGE BOREHOLE
FIELD PERMEABIUrY TEST

by: Gordon P. Boutwell, PhD, PM
Presp-nted to

'CONTAINM= LINER TECHNOLOGY AND SUBTr= Dw
Semin Sponsored by

Geotechnical Commfttee
TAML BrAnCh,,A.SCE

Houston, Tecas - March n, LM

SYNOPSIS

In 1991, the T=as Department of Health began reqnhing field verification ofthe bydrau]ic
conductivity for the waste-retention barriers under its jurisdiction. 7he TDH has approved
two procedures: the Two-Stage Borehole (M) method and the Sealr4 Double-Ring
Infiltrometer (SDRI) method. Ike TSB mettiod is dixassed, here=

It is a f0ing-head infiltration test conducted in a aLsed borehole, typically 4 inches in
diameter. The first stage is performed with the bottom of the hole flush with the bottom
of the casing for T=drax= effect of vertical Permeability (1Q. After steady-state is
achieved, the hole is advanced same 6 to 8 inches below the bottom of the =sing so that
horizontal penneability (kt) has a greater effect. The two stages yield the following:

Stage I - The Tan aum possible value for (k,).
Stage 2 - The mmimam possible value for (kb).
Stage 1 + Stage 2 - Constants for two equatioms which can then be solved for the
real (k., k,).

Procedures are available for redaction of the data in the cases of both above and below
water table testiag, and for the bo 11 - boundwy conditioxis of a material far more
permeable, equally perraeable, or far less permeable tl= the medium being tested. 7be
test has been successful in evaluating both compacted and nataral materials with
permeabilities as low as WO(-9) =/sec.

Ile major test precantions include proper sealing of the casing along the outside, accounting
for temperature effects, and correctiixg for sidewall sumear during the second stage, The test
is quick, simple, and relatively hiaxpensive. It allows rt=lts in days, rather than mondis.
Multiple installations are feasible so that statistical confidence can be achieved. It is
recognized in the literature, mcluding U.S. EPA public==% and accepted by many State
regulatory authorities.
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I. INTRODU ON

Clay barriers are an important. component of waste retention stru, Their priniary
geot-Mchnical characteristic for this use is bydrauHc conductivity, -whichTmist be verified
during the Construction Quality A:ssurance program Until recently, practice relied on
laboratory testing of -mrall (7 to 10 cm. dianieter) undisturbed samples taken from the
barrier or a similarly constructed tea pad. Day and Daniel (190) reported conductivities
measured in the field which were,3 to 4 orders of magnitudehigher than they obtained with
laboraWrY tem While that study was justly criticize4 the horsc was out of the barn and
regulators all over the country galloped urto field testing for bydranlic conductivity
evaluation at waste facilities.

From the regulatory standpoi3t, a test procedure should be accurate and avoid false
positives, Le., not indicate comphance with the specified conductrvity Whenthe liner or pad
truly has a higher value. Tbis normally means testing a large soil volume searcbing for the
ehisive ffmacroPoree which are thought to evade, somehow, even numerous laboratory tests.
Ile regulated community wants the ac=acy and avoidance of false positives for their own
protection, but also wants to mmimize testing tunes (and costs), and to avoid false nega=es,
both for economy. - --- C

In about the last two years, two methods have become accepted as meeting these criteria
to a satisfactory degree: the Sealed, Double-Ring Thfiltrometer (SDRI) and the Two-Stage
Borehole CM) procedure. Each has its stronger and weaker points (see Daniel, iggg).

IL iASIC CONCEPM

The vertical conductivity (k,) governs flow, even in sidevma Nn if bUilt in the preferred
rn2rner. lifts parallel to the slope. However, the horizontal conductivity (Izý) is greater tlian
the vertical All field tests are aff=ted by this mrsotrojV, unless flow in the horizontal
direction is artificially blocked,- the effect is to increase the test conductivity by factors Of 2
to 5 over the real (IQ value. Eq=ons for flow from various so=ce geometries in a cross-
amsotropic medium are available in Evorslev (1951). However, each equation has two
unknowns: (kj and (mý = ktA).

7he TSB procedure combines four old concepts hito one new idea to find (k,). The field
procedure is taken from long-established US Bureau of Reclamation methods: their flush-
bottom borehole test (E-18) and borehole packer test (E-19). Con4nrtations are based on
the Hvorslev equations adapted for various bottom boundary conditions by the three

Image Potential Technique (Carslaw and Jaeger, 1959). The new idea is
Performing both USBR tests in the sam borehole, yielding two equations which can be
solved for the two unknowns, ocb) and (kv).



PAGE 3

1he TSB is a field inffl=ation test, conducted in a cased borehole so that the geometry of
the inffitrating zone can be controlled. It is normally conducted as a faT7;r ead test The
basic idea is to vary the geometry of the infiltr-aling area so as to vary the relative effects
of (kb) and (k,). In the first stage, the geometry is chosen so that (k,) has its maxim-nm
effect. The second stage geometry is such That (kt) lias its mmimarr effect. Mie results Of
the two stages yield two equations in two unknowns (Jrt, 1Q, which can then be solved. Mjjs
concept is Mus=ated on, Figure 1, below:.

If

DWINITE FDCM IMAGE SOURCE

SMLGE I STAGE I FIGM 1 WAGE POTENML TECHHIQUE

FLOW PATTERHR- TWO-MGE CONCEPM CCONWM Wbfte Modkm Ca" So Somaded Uodkm A1kj4rvtr0

Stage I is normally corulucted using a flat bottom flusli with the base of the casing.
Infatration proceeds until a steady-state flow conditica is achieved. Then, the borehole is
advanced some 15 to 2 auing diameters (6 to 8 inches) below the bottom of the casing.
Thý apparatus is ref Med, and infiltration in this Stage. 2 continues until, it achieves steady-
state-flow.

D=mg the test, the soil is assumed isotropic k.). Stage I then yields an apparent
permeability (K-1), and Stage 2 a different value (KZ). 7he unknown ratio OV]c,) is -a
unique function of the known test geometry and the Inown test ratio (rz/xi). When the
former is determined, the real (k,, ki) can be computed from (KI) or (M).

IIL MELD PROCEDURES

As is the case with virmaHy all field tests, and especially field pexm2eability tests, the field
procedures are of paramount importance. 7be most diligent office analyses carm t
overcome all of the problems resulting from improper mstal-ition, inadequate monitoriTig,
premature test terminatioa, a-ad the Hk&

3 1 Test Prog[am D=m. The test program should be designed to meet the conditions
assumed in denving the data reduction equations so that meaningful results can be obtained.
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3.1.1 Vertic-al BoundaTies Certain clearances are required between the inffitating
surfa= and any boundaries, pervious or impervious. 7hese can be summar=ed as:

a. Mninican casing embedment below ground surface 2-5D
(Prevents uplift, Tn k1draulic ftcturing)

b. Minizaran thiclaiess of tested miateri2l. below bottom of Stage Z= 2DD
(Avoids violatin boundary conditions of equations)

C. hEmimum. recommended Stage 2 extension
(Avoids theoretical problems at finite but smnll L/D)

D Casin inside diameter
L Length of Stage 2 extension

3.12 Horizon-tgl -Sl2acin It is intoidvely obvious that the tests must be spaced K&r
enough" apart so that their flows do not interfere with each other causing a falsely
low permeabffity. Also, the presence of a drainage boundary (such as the edge of a
test pad) which is 'too close" to the test will increase the flow, yielding a falsely high
permeability.

7bis can be avoided byTanintainin at least the following clearances:

a. Afinimum, ho=ontal distanm between tesu = 30D
b. Minimum horizontal distance to kee, surface = 30D

3.1-3 Number =d Size of The Tmm er of tests required for evaltiatLon
depends on. the project, the acceptance criteriaý and the vari2bility of the st-atum/fUi
being evaluated. As in vuiuaUy any other geotecbnical testing; mthe bigger the
better'.

llowevq, the general pra efice bw been to use 4-Inch (ID) tests, with 5 tests
for the typical Uner or test pad.

'Me scale effect, if any, of test size has not been fully researched. Viramlly all of the
known tests have been conducted using 4-inch (10 on) IOD casings. These tests
typically permeate a volume of some 0.4 - 1.1 cubic feet each, or 2 to 5 Cubic feet for
a 5-test group. Benson (pers. comni, 1991) indicates that the
representative volume for a permeability determination is on the order of 0-5 - LO
cubic foot. This is about the vohune perm by a typical TSB tesL

3 14 Otber Details. nere are a few other details in test planning which should be
considered. Among these are:



PAGE 5

a. Protect the test area surface from desiccation, usually with Sl-ea-r or
white plastic.
(Avoids heat-inducad problems).

b. Use a Isocle to prevent collapse of the Stage 2 open hole in susceptible
materials. 7he sock is a rigid cylinder of open-mesh plastic, lined with
a filter geofabric. The cylinder is somewhat smaller in diameter than
the casing ED (and thus the Stage 2 hole), and an inch or so longer
than the extension for Stage 2. It is fitted with retrieving lines and not
left in the hole after the tesL

C. Minimize the distan (R). from the ground surface to the bottom of
the measuring scale, especially for shallow tests. This also aids in
having the longest possible reading time between standpipe refills and
avoiding hydraulic fraicturing.

d. Match the standpipe size to the flow rate so that accuracy is achieved
but overnight readings are possible. For a 44nch casing, this usually
means -a OZ - 0.75 inch ED standptpe.

32 PeTmeameter Installation. Proper installation and checIdng the permeameters are viW
to obtarnir, a valid test. Various field techniques have been developed through experience
which problems Ilese techniques are discussed in this section.

3al Permetameter. A rypical permeameter is iUnstrated on Figure 2. The
apparatr is simple; the permeameter can be assembled wfth a visit to a water-well
drMer and ahardwa3e store. Theelernen for a falling-heari system are:

a. -Casin Typically 44nch ED Schedule 40 PVC monitoring wen pipeý
flush-threaded, with 'O%Ring joint. Other casings can be used.

b. jC-!aL- To fit casing, preferably domed, and drilled and/or tapped to
receive Ihe standpipe apparatus.

C. St2ndpine. Ckar Schedule 40 PVC or acrylic tube, 0.5 to LO inch ID,
with scale. Include e5ow with cover (having air-vent) to prevent rain
entry and minimize evaporation.

d. Fittings The small fittings necessary to assemble the apparatus.

All joints which are not glued are assembled with 1= Plumber's Tape and sfficone
grease Unt sealant).
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322 Bombole, Ile casing is set into a borehole. ne holes have been drMed using
rigs, power-operated hand eqwpment, and hand augers. The device depends on
depth and hardness of material. Ile hole xmist have a laxge enough diameter to
allow sealing the 2=1:z space between the borehole vmIl and the casing. Also, it
Trmst not dis=b the sails below the ca-zin bottom. 7he bottom =st also be fi=
Experience has shown the following to be accepuible:

a. Borehole diameter at least 2 inches greater than the casing OD.
(To allow sealant to reach the bottan and for tamping). -

b. Stopp-obLt of auger about I inch above proposed casing bottom.
(To avoid testing in a distuýbed malmial)

C. Ream bottom of borehole to fimLal depth with a flat augep.-

The bottom of the borehole should be flat and flush with the bottom of the casing
in order to correspond with Hvo=Ws (or H-1) Case'W or 'C" for Stage L

32:,,Z -Sealin This Is -the smgle most imp r, step in installation. A poorly sealed
test caTm t be salvaged. The nrTmIa spa,= betwe= the casin and the wall of the
borehole is sealed vath bentonite. Best results have been auained using 1/4! (not
3/8* or larger) b mte pellets or crushed bentonite, (Baroid 'Hole-Plue or
equivalent). Ile procedare, Mustrated on Figm-a 3, is.

2. Crash suMcient pellets, 93m-Seal", or 91ole-Plue to MI about 1/2
inch of the annulus. This should haTe about 1116K size ft-agments with
some powder.

b. Place this material into the annular sl3am

C. Place about 1/2 inch of bentonite peElets or wHole-Plue into hole,

d. Tamp the bentonite pellets or Mole Flue,

e. Add water until it shows above the bentonite,

L Repeat the process (but using only the pellets or 'Hole Plug) in I Inch
in ents to the ground surface or a minimum of 6D above the casing
bottom, whichever occurs ftst. Grouting above the 6D level is
allowable.

9. Allow the Inntonite (and grout) to hydrate at least overnight.
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The casin must be steadied to prevent Lateral motion while scaling. The bentomte
seal is then allowed to hydrate pvernight before any head is applied to the systenL

aa4 -A-dy-anging for S= Upon completion of Stage 1, a borehole is advanced
below the bottom of the casing to forni the cyftuý hiffitrating surface for Stage
2. Ihe important points are:

a. Do not disturb the casin - that can. affect the seal.

b. Borehole dianieter should equal casin ID.

C. Stop point of auger about 1 inch above proposed Stage 2 bottomL
Rem flat and measure depth.

d. Roughen the sidewaM to mbbnize smear.

I'bis portion of the work is na=any hanffied, with hand eqaipment. The first step
after removing the cap is to empty the casing of water (tests above groundwater level
or where no seqnge- was noted druin Stage 1 cinHing and/or sealing). It is
frequ=tly useful to obtain an und:istarbed sample dm-mg this process, using ASTM
D2937 or D1587. However, undistuxbed, sampling should not be pezforined if the
material being tested contams gravel-sized. paracles; they can, disturb the sidewalis
during the push or driving. After or in lica of undisturbed sampHng, the boring is
angered untl the Mj= of the anger is about 1 inch above the desired bottom for
Stage 2. Ihe auger should be at least 1/2 inch in diameter smaller than the casing
ID. The boring is then completed tc) depth and diameter with a flat-bottomed
reamer.

The reamer is designed to mininiize sidewall smear, having hill. casing ID only at the
cutting edge. The sidewalls are then roughened with a wire brash or shnila device,
a procedure also recommended in USBR E-I& This step must not be omitted, since
one of the sipfficant problems enw=tered in Two-Stage testing has been artificially
low values for Stage 2 due to smear, Equations to handle smear are included herein,
but require some idea of the degree of smear.

After the borehole is completed and cleaned of cuttings, the depth is measured so
that the correct length of the Stage 2 cylinder is known. For a typical test, a 1-inch
depth error will. yield the wrong Stage 2 perniedbility value by 7 to 89o'. The cap is
then reseated, and Stage 2 begins.

3 3 Ambient -Conditign Effects. Temperature changes cause the dominant effects of
amment conditions on this test, alffiough there may be some contribution from barometric
Press=e changm Temperature changes affect the test by.
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Volumetric changes in the water and apparatis.
Viscosity changes with twirperaturr-
Fre=ng the test water.

The procedures for overcoming these effects are below.

Z3.1 - Mohmetric Mects -= At slow rates of flow, the field readings are
affected by tempezatureý as has been noted on many such projects. Rising

rature causes the water column, in the pressure/measurement qtandpipe to
expand, so that the drop in water level is less than flow alone would produm Jhe
net e5cct is a lower apparen permeability. Coiro=sely,10ing tempera=e, produces
a higher apparent pernieabffity. A normal days temperature variations can easily
car e a 0.5 to 1 order of magratude change in. the apparent permeability of low-
permeability materials.

7herefore, a complete "dammy" test setap is installed bat with the botto of the
casin scaled with a cap which is normally ghied on and pressure-tested. nis
dm=3y, or temperature efEect gauge CIEG) is of the same construction and
embedded to the sa= depth as the regular test setups. Since there is noflow from
the TEG, any change in its readings must be due to changes in the ambient
conditions (temperai=re and/or barometric pressure). Such changes would affect the
regular test SetMPS to exactly the same depm-

This coiz ction is applied to the regular tests by:

Reading the TEG at the same times as readings are taken on the
regular tesm

Deterin:ining any increase (decrease) in water levels in the T.EG
between. regalar test readings.

Subtracting any increase (adding any decrease) at the TEG from the
rendin at the regular tests for the (=ds of the same time i=enients.

332 Viscosity E&M. of Te= Perme.-Mity is norrnaIly reported as the
value for water at 20*C (68*F). The density and viscosity of liquids, including water,
are affected by temperature. The effect on permeability is in direct ratio to the
kinematic viscosity (U),which is the viscosity divided by the density. 7he kinematLc
viscosity decreases at higher temperature& 7he net effect is that the apparent
permeability is greater than the 68OF value at low temperatures. Jhe reverse a==
with decreasing temperarares. 7he effects for ordinary conditions can be from -50%
to + 159o' on the permeability value. 7he normal correction to the standard condition
is given in ASTM D5084:
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k/]cT = Rr = UT/U.

where: k, = Permeabffity for watnr at 680F
I, = Permeabfifty observed ia test
Rr = Correctiou Factor
Tjr - rmematic viscosity for teg fluid at test temperature
u., = rmematc viscosity for water at 68OF

The factors (RT) are gyLm for water at teruperatcxes betwwa freemng and 120T (0
to 490C) in ASTM D5084. See also Figure, 4 which reproduc= that data.

The temperature of the exEhm:dng water is measured by a thermometer or
therm couple in the TEG. it should extend to roughly the bottom of the casing.
ne thwmometer or the leads for the thermocouple sbould have its imm (sealed)
port into the TEG cap or casing- Rnmaing either tbrough the TEG sduidpipe could
easily affect its fimcdon of vahnnetric correction.

3,31 F-T-eezijiZ -Con-ERP:gm &W testing must sometimes proceed
wh= the air terupehzn-es are below freezing. I andfM operators often complete a
test pad in late fall, so that they will have approml. from the regulators for
constniction in the spfaý Even if the ground temperatures stay above freemng, one
amn t get de== readings from a fimzen standpipe. Three procedures have be=
used:

a. bsulate the exposed test equipmentý, exposing only to make readings.
(Only if mean daffy aw temperature exceeds freezing)

b. Use an andfiveze.
(F-dmnol as Vodka is good, but needs its own Rrm temperature graph.
Does not attack clay at 259o' or less alcohol).

C. Eleat the test units-
(Potentid for Merent temperatures - can invalidate the 7EG).

3- 4 Conducdng the Test. Ile following discuýssion is applicable to both Stageý 1 and
Stage 2. Basically, the proce-dure is:

a. FM and assemble permeameters.
(Use = tape and silicone, grease- Pour slovdy to avoid bottom
erosion).
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b. Read standpipe levels over time at the permeanteter, plus level and
temperature at the TEG.
(Levels: to 1116', temperature to 1T).

C. Convert these readings to apparent p illities.

d. Continue the test until these . Ides remain steady.

3-5 Field Calculations - Ag;m= P Ihe data from each reading is converted
into an apparent permeablMy, termed (Kl) for Stgge 1 and (M) for Stage 2. Keepmg up
with the data in terms Df a permeabMiy has a physical meanin& and also yields a better
'feer for the behavior of theTnedium being tested. If that medmm. were isotropic k = k,),
then (KlK2) would beL 'the . . 'Remember that the Objý-ctive of most field
permeability tests on regulated bacilhies is to determine that the vertical permeability (kj
of the liner is not thau some value, usually WO(-7) cm/sec, or to show that the
horizontal permeability (1;) of a drainage material is not 1= than some value, typicaRy
lxlO(-2) cm/sec. It can be shown that (KI) is the possible value for (k,) and that
(K2) is the possible value for (kb)- Hence, using thew apparent pellue2bilities
(KlXZ) frequently allows 'pass-w-fail! determiiiaton early in the testing process. For
example, (K1 <Spec) within 24 hours in 90,915 of tests where (1c,/Spec< 0.6), and 70% of all
tests.

7he equations for both Stage 1 and Stage 2 follow the generic h0lin Sý-head test format:

k = RTG Lualvqý)/(t2-t.) (3-5-1)

where: k Periýeabilfty
13ý Tnitinl head (at t=t)
Eý Fm'al head (at t=;2)
t, Tniti2l time
t2 Fmial time
G Geometric Constant, depends on test geometry
RT Kinematic viscosity correction to water at 68T

In, both Stages, the head is taken as the distance from the level in the standpýpe to the
groundwater level. The distance from the bottom of the casin to the groundwater level is
hTnit d for calculAtion purposes (only) to no more than 20 times the casm ED. If the depth
to groundwater is less thau 20 times the casing ED, the true depth is used in the calculations.
However, where the depth to groundwater exceeds this criterion, it is considered to be at
this 20-diameter depth in the calmAntions. Ibis hmitation. is derived by 3-dimensional
analogy with the two-dmiensional 'effective radius" of a well- The volunietric effects of
temperature are accounted for usin a corrected final head, replacing (H2) by CH.% where:
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c (3-5-2)

where: C Increase in TEG standpipewater level during time period
froM t, to t2

If the TEG standpipe watei level goes up between readings, (c) is positive and 03ý<H).
Conversely, (q) is negative and OiV>13ý) if the TEOT standpipe level drops between
readings- This step is not theoretically precise, bat is close enough for test purpose& The
theoreýtýical solution 3aelds a complex implicit equation in which the true pennFability is a
function of its o logarWmm However, f5or the geometry of the test setups and the
observed magnitudes of inareases/decreases, the appareat perineabilities calculated in this
manner differ from the true p by no more týan. 2 to 5 percent. The, net result
is to "s3nooth' the app2 pernmabillities. M's sm odfmg-is most apparent (and most
useful) when the soTs apparent periaeablUty is less than about 2 to SxIO(-71 cm/sec aud
especially for - all-diarneter standpipes.

7he kinematic viscosity factor (RT) used in the calcalatian, is that for the m=ge test water
temperature during the period from (tj) to (t.).

3.5-1- 5we I The nomenrJature. for the vadous terms of the Stage 1 calculations,
is illustrated on Figure 5. The proper equation. is given belovr, it -is the solution for
(k,) for an isotropic inedium. Ck.1k,= 1).

C-1-5-3)

where: d IOD of S=dpipe
D, Effective diameter of Stage 1

(Casin ID or OD)
b, Depth of tested Tnedium below bottom of casin
a + 1 for impervious lower boundary
a 0 for imfinite depth of tested inediuni. (bl=co)
a -1 for pervious lower boundaly

And the other terms are as defined 6ave. For field use, the geometric terms are
combined into a single constan

K1 = RT GI ln(H,/IV)/(t7-tl), C3.54)

where.- GI (;r&/11D)[I+a(D,/4b,)]

A complete example is giv= in the Sample Calculations, Appendix A.
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3=12 StaM 2, 7he rLomenclature for the various terms of the Stage 2 calculations
is illustrated on Figure 6. The proper equation is that given below-, it is the solution
for (k,) with the ==ption that

Y-2 = RT (&/16Lf) {Lnju(Iro)) +a Lufu(1,Tý,2VI lngý,ý )/(t2-tj) (35-5)

where: f I-M623 Exp(.1-566 L/D)

L Lemgth of St;4,,,e 2 cylinder below caging

U(I,rý-O) fL/Dý + ;1+-(L/D,)2'12

u(1,;,2b2) L-,Mtj:,,)2
4b2/D27L/1)2-ý' 1 + (4b2/D27L/D2).6

D2 Diameter of Stage 2 extension
(nam=Uy cashig 11))

b2,. Distance; from of Stage 2 extension to
vnderiyingý boundary

And the other terms we as defined previously. The factor (f) vras introdumd to
a ccount for the non-convergence of the Hvmslcv eqnations as (L- 0). For field use,
the geometne term are combined into a single cmnta=

E2 = RT (32 P 3- 0

where: G2 (&/lal) {Izýu(1,T.,o)) +a Ln[u(ir,2b2)J)

A complete example is given in the Sample Cdcalation, AM=d3x A.

3.53 7inie-Weight- Aym= Whether one uses the Laplaci= or the Green-
Ampt model for groundwater flow, there are still tmnsient effects at the begkming
of every type of field or laboratory permeability test. The observed effect is to
india3le. a high permeability, gradually decreasing to some relatively constant value
corresponding to a steuly-state flow condition. Such an effect is usually noted M. the
TSB. Iberefore, the test must be conducted Iong enough7 to achieve virtuaUy the
steady-state condition or the T=ItS will be not ody too high but also erratic. In
addition, a single value each of (Kl) and (M) must be used in the final data
reduction (Section IV).
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There is no reliable method for pre-calcalating the length of time, required to achieve
steý-state-- Rather, the observational method is used. Tho appropriate apparent
permeability (KI or K2) is calculated for each time increment, and/or over longer
periods of time; when these appear to be stable, they are checked usmg arithmetic
time - weighled. averages, e4,

where: K! = Anthmetic Time-Weighted Average (ATWA)
Permeability

711 = Time Duration of Test Increment (i)
Ki = PermeabfliV Measured during Test Increment (1ý

This is theoretica.Uy exact for a shWje ran (between refills). Tune - weighted
zveraging also provides a rational basis for smoothing the (often) aightly en-atic
individual QE1,KZ) valties from the various time increments. An example of time-
weighted averaging is given in the Sample Calculations, Appendix A.

3.5,4_ - T ý-' agion --Criteria. InEtration, theory indicates that the apparent
perme2bilities (KlK2) should forever decrease at an ever-and-ever decreasing rate.
Observations in over 200 of these tests show that a steady-state condition or a close
appr----!- .on of it is achieved in reasonable testing periods. A log-log plot of
apparent permeability versus time is usefnl in determining when steady-state is
achieved. Eventually, the ff=) plots f lucMate- about stable vahies. An example
of such a plot is given in the Sample Calculation, Appendix A. Ibis plot illustrates
the importance of fairly closely spaced reading at the beginning of each stage, which
allow separating the long-term behavior from the short-term fluctuations, Le,
enhance the 'signal-to-noze ratio.

Ia most tests, time-weighted averages become quite stable, often to within 1 to 5%.
A reasonable set of criteria for terminatmg a stage is as follows:

The time-weigbted averages do not show an. upwards or downwards
trend with time,

and

a Do not fluctual more than 10 to 20% among themselves,

and

a Maintain this behavior over a "sufficiently long" time, 12 - 72 hours
depending on permeability.
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IV. DATA. REDUCTION

4.1 -ýBasic Procedure In some cases, the (Kl!) or (M) values m3ay be adequate for the
purpose of the test. More generally, the test is performed to deternifne, the actual (k,,,k,).
Ibis section outlines haw to convert the (Kl!=) values calculated as outlined in
Paragraphs (3.5.1) and (3.5.2) into the real permeabilities Details for the common
case = covered below.

4.1.1 Simjil=cous FgMat The equations presented earlier for determining
(K=) are special cases of niore, general relationships. 'These, more general
equations define the -degree of anisotropy by the parameter:

In

Mw pammeter affects the geometric terms of the vaxious equattions. Lch stage has
its a equation vzh a different effect of (m). In a general sen e, these can be
written as:

Stage 1: k, G1= La(HyS21(tz-,ti)
KI GI 1n(]Hd13ýZ)(t2.-t)

or k, K1 (G1.1G1) (4-1-2)

whem- G1= = Geometric factor inchLding (m)

Similarly, for Stage 21,

k, (G2=/G2) (4.1-3)

If the soil niedimn being tested is homogeneous (althougýa cross-anisotropic and
possibly bounded), the vertical permeability (k,) must be the same in both ptages.
Hmice, (4.1-2) and (4.1-3) provide two equationsIn the two un]mowns (m lch/k)
and (k,). The resulting equation is:

Kr(Gl=lGl) = k, = KT(G2,./G2)

or M.I/Kl' = (G1../G1)(G`2/G2..) (4-1-4)

The standpipe area (A.) cancels for each individual, stage in (4.1-2 and 4.1-3), even
though different (A-,) values may have been used for Stage 1 and Stage 2, and even
for different portions of either stage. 1he actual equations for the geometric
constants involving (m) are gLven in Paragraph (4-2).
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Me ratio (KT/Kl') is known from the test; the actual values introduced are thelong-term tune-weighted averages, X1' and ý). Me geometric terms are alsoknOwn- Merefore, Equat'on (4.1-4) is sads&d Only for One value of (M). Due tothe complef nature 'of (4-1-4), ftLIl-and-errOr Or graphical solution works best forqm:ffic problems.

4.12 '"' . - N Me value for (M) is Obtained as Outlined above inParagraph (4.Ll). When (m) is knOWn, (Q can be calculated direzdy from Equation(4-1-2), and, by the definition of (m) in Equation (4.1-1).

k = 10? k, (4-1-5)
4.1'+-Staze I 0n1v Method, la some individual tests, the ratio = /Kr) is so lowthat Equation (4-1-4) fails to converge. Others may have so large a.=/Kr) ratiothat theDermeabi'litY values are obviously in error., (k,) is far too low and (k.) is fartoo h*L Mis is usually due to inhomageneny of the tested Material. Advancrig.Stage 2 into a zone of lower permeability will, cause a low = /Kr). Convers ew,advancing into a zone of higher permeability (such as a poor lift joint ju fM or aIs 'I'/sa"d se2m. In natural materials) yields a very high (Kr/Kr).

Tb=e events are handled by umng a conservative (m) from the best-behaved testsand introducing that va1ue=DEqaation (4.1-2).

4.2 Ima , Fz1a_t:1M_With_&=2_r1 The basic Rvorslev equations apply most directly toTna sses of inffiTite depth and below the gromuiwater leveL Neither test pads nor liners oftenmeet these aitelia. 7herefOre, results calculated bY using the Evorslev equations directlyfor such -cases vrM not be correcL For a given permeability, both pro)dný to a drainagezone and the vertical gradient due to 9MVfty cause the:.flow to be greater than the basicHvOrslev eqmlions would predict. The basic Hvorslev equations therefore predict a higherP" eab"Ity than the ruat=al really has. Me vertical gradient effect can be overcome b
usmg the head as from the top of the standpipe to the groundwater level. A method foyraccountmg for the- PrO=M'Y eff= and PrOvIng the PreVIOUs assertion was needed.
Me method of image wells has been used ill ge-OhYdrOlOgY for Y=& Me classic exampleis the solution for a well n= a river, found in many t=books. However, the method is notliunte-d to two-dimensional situations such as this Must-ation. Any solution for an influiteor semi-infimte medium which desadibes the potential field (head distrbution) can beconverted to a solution for a finite mediran bounded by a plane by using the Image Potentialtechmque (Carslaw & Jaeger, 1959).
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The basic idea is that halfway between a source and a sink of equal but oppo=e strength
will be a plane of zero potential. So, if there is a plane of zem potential (head), its effect
can be replaced by an ft=age source/sink located tvnce as far away from the sink/source
as is the midway plane. If the test (source) is set a disum (b) above the drainage blanket,
the f low field wffi be the same as if them vveze no blanket bat there was an image test (sink)
vath negative head at a distance of (2b) below the real test Since the drainage blanket is
at zero head, the head at the test is taken as the total lumd lost: (b) plus the excess pressure
(ht) applied at the faffitratlon. point of the test.

Consider also the case vhere both the real and image sources have equal stren&hs and both
are sources qxLcitive head) or. both are sinks (negative head). By the same logic as given
above, the midway plane will 76e a no-flow boundary, corresponding to an impermeable
bottom boundary located at a depth (b) below the real test.

4-? 1 - ýýe 1 Me HvOrslev-1mage eqaation (Case -Cr) for the flfýh-bottomed
portion of the. test is given by:

k, = (7r&/113mD)[1+2ýDL/4mb)]Lý 'V)/(t2-tl) (42-1)

where: d = ID of Standpipe
D, = Test diameter for Stage I
b, = Thidaiess of test medium below base of casir
H, = ThWil head (t=tl)
R2' - Corrected End head = 1ýý (see Paragraph 3-5)
t2 = FM'-" time

ti TTrig2l time

a -1 for penneable botinni boundary
a 0 for infinito depth to bottom bmtridazy
a + I for impermeable bottom boundary

Equation (4-2-1) can also be vaitum zm

k,, = G1= IzXjA')/(t2-t) (42-2)
Gl= = (2-cf/11mDDj1+a(Dj/4mbj)]

4-Z2 Stage 2, Similarly, for the cylindrical case a1vorsle-v "G"), the Image equation
(with sidewall smear) is that given bT.

k ý&/MUm) g-n[u(inr,+T,6)] + a ln[u(:mr,2b2)1
+ P LU(U(W,.o)/U(Mr,+T'o)D Ln(V'V)/(t2-t1) (4-2-3)
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where: L Length of Stage 2 e=ension

f 1-M623 Fip(-L566 L/D)

u(m,r.,o) [mL/D, + V I+ (mL/D,)f
-1 fAýUAdh M-2 + rr'*, ... ý

4mb2/D:rmL/D,,+V 1+(4mbj/Dý-mL/D2Y

U(M,r.+T,o) ImL/(D.+ZI) + V .1-fmL/(P2+ZI)ff

p kA

k, Permeability of smeared zone

T Thickness of smeared zon (0.6cm-025in)

D2 Diameter of Stage 2 extension

b2 Distmuz from of Stage 2 qlinder to
undeflying boundary

And the other te= are as defined above for Stage L Equation (4-2-3) can be
wnmn, in the generic f6mat 2M

G2S bIPJEV(t2.-tl) (42-4)

vihere: G2S (&/lah3?)U-U[U(MX.,+To)] + a Wu(nir.2b)
+p LU[U(Mr.,o)/U(Mr.+To)l)

ne geneýdc expression for 0ý/Kjý as a fimakm of the test geometry is Equation
(4.1-4). FoIlowing the steps oudimed in Paragraph (4.Ll),

=/Kr (Gl=/Gl) - (G2/G2S) (42Z)

where:

(Gl=/Gl) (I/M) jl+a(Dj/4mb)Y[l+a(P,/4bA

(G2/G2S) Lla(lx.ý
Lu[u(m,r,+T,o)]+aln[u(m,rý,2b2)]+pI-u[u(n3,rc,,O)/U(Mýro+T,O)]
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Equation (4-2-5) is solved by tildng an appropriate (p) and determining (m) by trial-
and-error or by a graphical solution such as 17-2gure 7.

The value of (p) is not determined in the tesL Me normal range of (p) is from 2 to
20; (p = 1) indicates no sm=. The follawingvahws for (p) have yielded satisfactory
results, consistent with apparently non-smeared tests on the same tested units:

p

> I
0.9-1.1 1,2
0.8-0-9 2,5
03 - 0.8 5,10
0.6-0.7 10,20
0.4-0.6 = 0

0.4>

Use Stage I Only Approach - Paragraph (4.L3).

b2/D2

PEFOAFJUME USE

L

fit

-*J"w Zen* ThIckne"
JO.26-

V-VAM

RAMO KrtKr-

FIGURE7
GRAPH FOR (m) - (L/D=IZ)
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43 -Non-Satmated Media, Field permeability tests are frequently performed on matenals
which are not RiUy saturated. Such materials affect the tests in two ways:

The hydraulic head is dissipated over the (changing) dL-tarice from the polut Of
inflow mto the soil to the 'wetting front", where the soil is considered fully
sntu (Green-Ampt Model).

Unsaturated clays exhibit %oil suctioe, which effectively adds to tha hydraulic
head.

In the Two-Stage test, inffi=t1on into the soil is tbxee-dimensionaL 7be =jority of the
head loss occurs close to ibe inflow s=face, even in a fully saturated material. About 50%
of the loss occurs withni-one, V-6st radius of the inflow smface. For a typical Two-Stage test,
disregarding wetting front dLqam= theoretically yields wpermeability 10 to. 509o' too high.

The effect of soil suction is roughly proportional to the ratio -of suction to applied head.
The effect of suction alone on a permeability test can be expressed as:

kA = (1 + S/h,)

where: Observed penaeability
True satiirated penneabffity

S Soil suction
h. Applied head

The Two-Stage test normaUy operates with heads 3 to 6 times those of other test methods,
rulnum7ing the relative effect of suction.

These two effects can be haaffied using the graph presented on Figure 8. That figure is
based on mmencal. solutions for the eq=.Dotential surfaces in an infinite mtdiiim (a-0).
However, for the typical real test, the dimensionless flow volume is such that the
equipotenryal do not vary significantly froin the ellipsoids in either the perineable-base
(a=-I) or unpemeable-base (a=+l) cases. The actual volume, which includes an
aRowance for the iinpeimeable casmg, has been included on Figure 8.

When using Figure 8, the inii=l volume (Vj is taken as:

a Stage I - The volunie of a hemi-e4soid having the diameter (D) and height
(DL/4).

V,j = (7r/24) D, 3 (43-2)

a Stage 2 - 'Me volume of the Stage 2 cylinder.

V,2 - (7r/4) D2 3 (L/I)2) (4-3-3)
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7be term (Vý) is the total volume of water whLch has inffit-ated into the soil through the
end of each stage, allowmg for that removed m the Stage 2 extension. The (n.) tenn is the
soTs = porosity.

Figare. 8 is applied first to 1he individual CU) values from Stage L-

Y-4 = Kl/[R(l+s/H.)] (4-3-4)

where: K-1, = K1 corrected for suction. and wetting front
R = -Perzozability ratio fi-om. Figure 8 -

Then, Figm-e 8 is similuly applied to the individual (K2.) values from Stage 2:

X2ý = K2/[R(I+s/IQI (4.3-5)

Where: K2.t 392 corrected for suction and wetting front

7hereafter, (KIK2) are used in Equation (33-7) for the average values 0KV,,XT). 7hese
are then imtroduced. into Mpmtions (42-5) for (m) then (4.1-2) for (k,), and finaRy (4.1-5)
for (k.).

CALTEST
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2-0 1

Ca

Uj
CL

0.1 1.0 10 100 1000

INFILTRATION VOLUME RAI-10 Vw/naVa

FIGURE 8
NON-SATURATION EFFECrS
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V. EMERIENCE WITH TSB 7F.M

As of Jaxniary, 199Z SIM alone has been involved in some 200 tests (40+ projects) on
recompacted Tn rial and 90 tests (6 projects) in natural materials. These have generally
been of relatively low permeabIly [10(-6) to 10(-9) an/sec]. Some conclusions from this
experience arc given below.

5.1 T_ype-s- of Proje= Ile test has been successful in many types of soils:

5.1.1 Test Eamla and Liners It has-be= used in sach conditions for test units from
20 to 60 inches t1nc3L Materials have ranged from CH-OH (Liquid I imit 100+, day
content 70,7o+) to. SCIGC (Liquid Limit 30-, gravel content up to 309;o, day content
12%). Vertical permeabilities have been successfally measured from the mid 10(-7)ls
to the low 10(-9)ls (values in cin/sec).
5.1.2 wNat=ar D zy successfd in clays to depths of 10 to 15

=sits It has been ve
feet. Where the clay does not make water, it has also been saccessffl to about 20
to 25 feet. 7ho test was moderately successfd in sot highly layered Tmn tailin

clay at depths up to 30 feet It has been used up to 7 feet deep in shales. Measured
vertical permeabilities have been in the same ranges mentioned above.

5-2 Qo - -. ith Other Methods 7he acemm-cy and lack of false negatives of the M
canbe evahmted by the comparisons with SDRI data. show;i onFligare 9 and with laboratory
data from undisunbed. samples. grven on Figare 10. Of the 11 known cases where both field
methods were used on the sam test pads/liners the Tnean ratio of their conductivities was
Ll (T.SB higher). In three known cases, the TBB proved failure defects in test pads that
laboratory tests did not show, indicating the TSB avoids false positives. Experience to date
can be sanimarized as:

5.7-1 RegQ=acted CI The vertical pernieabBity (IQ as obtained from laboratory
tests, the TSB, and the SDRI generally agree quite well on test pads/Hners (11 cases)

which have had proper CQA. The laboratory tests tend to underestimate the

horizontal permeability.

522 Natural CIM Comparisons have only been made with sm-Al cal laboratory

tem In general, there is good agreement with the TSB for vertical p=eabfiityý

while laboratory tests again the horizontal permeability.

5-3 Speed. As soon as the test begins, so does the question from the client, 'Does it Pass?"

it is usual that (k,) must, be less than some specifled value (Spec), or that (kt) must be

greater than a different (Spec). Since the Tnmdnm-,Tn possible value for (kJ is (Ki), as soon

as (KI <Spec), one knows the test for (k,) must pass. Likewise, since (K2) is the rainirnurn

possible value for (kb), if the long-term (R2) is greater than (Spec), the test for (k,) Tm7

pass.
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Most of the TSB tests to date in test pads/liners have been for (k,). The better the pad,
Le., the higher the (Spec/k,) ratio, the sooner (K1<Spec). In 90% of the tests where
(Spec/k,> 1.7), passing was indicated in 24 hours or less. Some 7517o of all tests have
indicated passing vathin 72 hours. A marginal test unit, whose (k,) is just below (Spec), wM
require completing Stage I In general, each Stage lasts 4 to 14 days, the longer =es being
required to complete a test in lower permeability materials.

5A Volume Teste A single typical TSB test permeates a voh=e around 0.6 to 1.1 cubic
feet, or 60 to 200 times the volume of a typical plug tested in the Laboratory (3 inch
dia neter, 3 inch height). "Me usual 5-test progr= Ibns tests aborat 10 to 20% the volume
of an SDRI, yet yields about the same values. Ile TSB has a good balance of soil volume
tested and speed.
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STAGE 1 CALCULATIONS

R d /ý27* cm

am Ground FJev-- Project

z CM TOC Eley.. (before) F-'Je No-:
z RA :.ý22-9 Cm H 1-44's +R. (after)

-Kl ý038VýC""ý"2' . S1t* Coords: 703t No--
bi - C1.0 cm t2-ti Page.

ill 'H2 KI C )I H2' Kit Tamp Rt K11, Cum Cum.Date 'T1m* I JR ) JTemp 'I.. Vol- RemarksQrs C38CO CCZý) (CM) (CM)l CCM/30c) (cm (cm) (cm/sec ('C) Factc;r (cm C) (CC) Hrs. I
f 080D - - - C4 81 - .209 61 - v.01 - - - .21 - - 41' Lo 010 S7A,1-7-
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e94c,
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---4000 39W 192.4 14 49-c-C6 1-2 -A IM9-7 MR95-08 1.3-20E-cs ;?'1g'.xr 12,0,C

STAGE 2 CALCULAT]Oiiý

R1 d 1-27 cm L = 1-4Z CM
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U4 d D =10-16 cm &v /-27 ah.
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z F4 -- 2Z-9-cm H 144,9 +R. (after) -

b2i K2 0 01570 Lx (H 1 /H2) SIte Coard Test
bz cm tz-ti Pagel,

Date Tan. I &t &t I R.) (ill - [ CHZ)l Cc K2@c) I - C) (H221 KV emp at Y,2'1 Cum Cum.
Chrs-) (sac-) (cm cm) cm M13 (cm cm) ccf;/341c) VC) Factor (cm/sec) (cc) Hrs-

'"301 - 20 IV, 0 0.iýl I -7-AA--T-_
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10301 o s w ] IGOO I-T4412M 2. 1" TvE--07 *0.1 119a9 2.28Z-417 :Z2- 0 tr. 2.19 -- -07 141 11,0

1113(5 / 0 .2C-00'45'7 I"d --07 10-3 1/5-0 2-2-0-E-07 2.S 6-94--- a7E-07.7.4 9 12.0
11330 20 -7200 33S 19ý0-15W79,11/479-07 4-13 ý7r--911.4287-07 .24- 0-5P/ 14 8 -!ý7 40 r. 4.0

I 
eýc I I I I -V09 10730 21'r3 IC4 /I A2 0

13060ý> -4.2,jle "Sf-6 13-99E-08=11 T5_2 4,2-TE-4081 /9 7 4 r-0812471 79-6-,

OF
FIGURE 3
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EXPL- I AS

4

i Cum.
READING TIME H1 H2 KII TO H24 Klo Tamp Klto Cum. Volume

DITE MME JW 1=4 LW LW (am/36c) LW 114 LCM1,180) 16MI2 FAClor (mlbec) HtL (cu. cm.) Remarks

il/1 800 2550 - 8250 - oao 8250 - 70 0 cl 00 START

830 1881 1800 8260 7581 1 BOE-08 0.00 75.81 1.80E-06 70 0.97 1,76E-08 0.5 215

900 1431 1800 7581 7131 1.31 E 06 000 7131 1 31E-06 70 097 1 27E-06 10 360

1000 775 3600 7131 6475 1 03E,08 -006 6469 1 04E 08 72 096 0 99E-07 20 571 end run

1001 2825 60 6475 8325 - 000 8325 - 72 - 20 571 ReOll

1200 1850 7140 8325 7550 5 26E 07 -025 7525 5 44E-07 74 094 5 09E 07 40 820

1600 1388 14400 7550 7088 1 OBE-07 -100 6988 2 06E-07 80 0.89 1 84E 07 8 C1 969 end run

1601 2600 60 7088 8300 - 000 8300 - 80 80 969 Refill

8/2 800 1581 67540 8300 7281 8 74E-08 150 7431 7 SSE-08 65 094 6 96E 08 240 1297

1700 1406 32400 7281 7108 2 8815-08 -131 6975 5 06E.08 74 098 4 99E-08 330 1353

8/3 800 908 54000 7106 6608 5 lOE-08 1.25 67.31 3 SOE-08 68 096 3 71 E-08 480 151.4

1600 838 28600 61606 6538 1.30E-06 -1.06 6432 3 60,E-08 7Q 095 3 38E-08 660 1536
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1701 2488 32400 0350 6188 2 32E-08 -0.60 8138 3 05E-aB 71 102 3 11 E-08 810 173.7
815 7-00 20.86 60340 81.88 7788 3 82E 08 0.62 7860 3 22E-08 66 099 3 20E.08 950 " 186 6

17,00 1969 366000 7788 7809 1 64E-0,8 -1.25 7544 3 40E 08 78 095 3 22E-018 1050 1904
8 00 1600 64000 7669 7200 4 49,E-06 1.12 73 12 3 3911-06 67 094 3 20E 08 1200 2055 STOP
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STATE COMMENTS ON THE FINAL LANDFILL SITE FEASIBILITY REPORT



STATE CF COLORADO
Roy Romer, Governor
Patti Shwayder, Acting Executive Director

Ded=ted to protecang and improwng the health and emronment of the people of Colorado

HAZARDOUS MATERLALS AND WASTE MANAGEMENT DMISION -k
* 876

43CIO Cherry Creek Dr S 222 5 6th Stieetý Room 232 it
Denver, Colorado 80222-1530 Grand junction, Colorado 81SO1 -2768
Phone (303) 692-3300 Phone (303) 248-7164 Colomdo Depa==
Fax (303) 759-5355 Fax (303) 248-7198 0fPUW1Cf1C2ld1

August 30, 1995 anxiErmninment

Mr. Charlie Scharmann

Office of the Program Manager
AM3MM-PM, Building 111
Rocky Mountain Arsenal

Commerce City, CO 80022-2180

Dear Mr. Scharmann

The state has reviewed the Final Landfill Site Feasibility Report for the Feasibility Study Soils Support

Program. The report was generally well done. Enclosed please find comments on both the technical
aspects of this report and the state's analysis of the regulatory aspects that need to be addressed in the
CAMU Designation process for the hazardous waste landfill.

Now that a Conceptual Remedy emlsts for RMA, the Army can become very specific with respect to
configuration and design of the landfill. The CAMU regulations require compliance with Part 264,
Subparts B, C, D, E, and N as well as the siting requirements contamed in 6 CCR 1007-2, Part 2 The
CAMU must also meet regulatory requirements for applicable design, operation and closure requn-ements
including ground water monitoring. The specific req=ments needed for the CAMU Designation
Document can be discussed at our meetmg tomorrow; some item should be described in detail by the
Army in its proposed designation document, while other items oDuld be outlined with a corresponding

schedule for future subnnnals of the required information.

The state would like to request a copy of the HELP inputs used by the Army for the Feasibility Study in
a digital format If you have any questions, please feel fi-ee to call.

Sincerely,

T Jeff Edsonýf,RMA Project Manager

Hazardous Materials and
Waste Management Division

cc: Connally Mears, EPA Ken Connght, TCHD Eduudo Quintana, EPA

William Adcock, Shell Ronel Finley, USF&W Crug Tessmer, Adams County

Robert Foster, DOJ Edward McGrath, HRO Ronel Finley, USF&W

Jonathan Potter, JAG Vicky Peters, AGO Ira Star, GT



CDPIIE Review of Landfill Siting Criteria

Siting Criteria Adequately Addressed by Site Feasibility Report?

Faults (1,000 year) Yes

Floodplain (100 year) Yes, but provide more info on source of map

Salt Formations Yes

Surface Water/Ground Water Yes

Airport Safety Yes, please provide a map for ease of public review showing
location of landfill with surrounding land uses
including DIA

Wetlands Yes

Seismic Impact Area No, please provide citation for source

Unstable Area (onsite soil No, no discussion provided
conditions)

Topography (protection against No, not discussed
winds and minimize piecip
-atch--nt"

Isolation (isolate wastes) No, but seems like more of a design issue

Hydrogeology/Geology No, have questions
1,000 siting criteria

Location (controlled by Yes
operator)

Buffer Zone (noise) Yes



Proposed RMA Landfill CAMU Designation Time Line
CDPHE -August 30, 1995

Dec 31,1995 Jan. 30, 1996 Jan 31- March 29
March I

A& Alm

Anny submits CDPIIE Reviews Minimum of CDPHE Issues Army continues Construction
CAMU & Revises 30-day Corrective Action detailed design
Designation CDD As Public Order incorporating process and/or site
Document (CDD) Needed Comment revised CDD and public characterization

comment. Could also study submittals
request additional landfill to meet substantive
design, operation, etc requirements of
information from Army with landfill permitting
corresponding submittal process
schedule.

Corrective Action Order needs to be issued in advance of th-. Record of Decision



- - ---------------------

Colorado Department of Public Health and Environment
Comments on Final L2ndfill Site Feasibffity Report and Requirements

for the CAMU Designation
August 30, 1995

Summarv:

CAMU regulations specifically dictate compliance with Subpart B, C, D, E and N of Part 264
of the state's Hazardous Waste Regulations and compliance with the state's regulations for
siting of hazardous waste disposal sites, 6 CCR 1007-2, Part 2. CAMU regulations
(264.552E) also specify requirements that address design, operation, closure, post-closure, and
ground-water monitoring. Prior to the issuance of the CAMU Designation Document (CDD),
the Army should provide mformation necessary to satisfy the state siting criteria (particularly
the 1,000 year protection enterion), dentify and technically support a preliminary liner and
cover design, and submit a Construction Quality Assurance document and specifications that
are consistent with the construction methods used in the test fill Other regulatory
requirements should be addressed directly in the proposed CDD or by schedule and provided
for state approval during development of the landfill design.

The discussion below indicates some of the preliminary technical concerns of the state and
indicate appropriate regulations. Reference is also made to the July 1995 Site Feasibility
Report (Report) Regulatory citations are noted in italics.

Part 264, Subpart B - General Facility Standards

Section 264 13, General waste analysis

Addressed in the Report but not fully developede Chemical and physical analyses of
hazardous waste and hazardous debris must contain all information which must be known to
treat, store, or dispose of wastes properly in accordance with Part 264 A waste analysis plan
is required- Tins plan can take into account the sampling that has occurred at most sites
during the Remedial Investigabon This information should be provided or addressed in a
schedule bN issuance of the CDD

Section 26,r' 14 Securay

Addressed in the Report but not fully developed- This information should be provided or
addressed in a schedule by issuance of the CDD

Section 264 15, General inspection requirements

Addressed if tEe Report but not fully developed. Tlus information should be provided or
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addressed in a schedule by issuance of the CDD

Section 264 16, Personnel training

Addressed in the Report but not fully developed This information should be provided or
addressed in a schedule by issuance of the CDD

Section 264 17, General requirementsfor zgmtable, reactive, or mcompatible wastes

Not addressed in the Report- TIus information should be provided or addressed in a schedule
by issuance of the CDD. This plan will interface with the waste analysis plan This issue is
important considering LJXO debris and Basin F materials

Section 264 18, Installation standards, were addressed by the Axmy in the Report in Section
4- Area Feasibility Study. Additional information is needed with respect to the flood plain
analysis, which was based on an Axmy Corps reference The groundwater protection
regulation is further developed in the state's siting regulations

Section 264 19, Construction quality a&wance program, is a requirement of the state for
construction of foundations, dikes, liners, leachate collection and detection and cover systems
A formal written CQA plan is required. The plan should be completed in conjunction with
the final designs

Test Fill
The Army has already undertaken a major step in the CQA program by developing
specifications and constructing a test fill. The general concern of the state is that
specifications for the full-scale Imer construction be consistent with the findings of the field
prograrti or with the original specifications- whichever is more conservative

The test fill did not meet several technical specifications (e g., the contractor did not use the
equipment specified) Specific concerns are noted below

Lift Thickness -

The specifications (Appendix A) state that loose lifts of 9" of soil wiH be placed on
the pad in order to achieve 6" of compacted material In the final results, as recorded
in Figure 3.2, both test pads only achieved 3" and 4" of compacted soil This may
suffice for a test pad attempting to prove only low -permeability, but it is not the most
optimum lift thickness for future construction, which was one of the objectives of this
part of the report, as stated in Section 2.1 of the Material Feasibility Study The full-
scale-cSnstruction specification should be revised to reflect that smaller lift thickness
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was obtained in the field-

Clod size -

A 3 " maximurn size was specified in the contract specifications (Appendix A, page I I
4 of the Report) Tlus is a large clod size and the state reserves the right to review
this potential criterion based current state-of-the-art practice The number of moisture
failures observed during 1he test fill may have resulted from inadequate soil
condition.ing Specifications should be written on equipment and methods to condition
soil moisture and clod size The specifications as written did not specify the
equipment to achieve this end- A pulvamixer was ultimately used on the test fill and
should be so-specified f6i full-scale.

Moisture and Curmg -

In Appendix 1, Section 2.2 4, there is a statement regarding the soil processing
function. It states that there is a need to "allow adequate time for clod reduction,
moisture addition, blendmg, curing and testing to verify the optimal moisture content
range has been achieved ' There is further EPA QA/QC guidance (Sept 93)
recommending at least 24 - 48 hours curing time for uniform absorption and hydration
of soil particles when the moisture variance is increased by more than.3 percentage
pomm It is also recommended m guidance that if this moisture variance is observed
during the test pad construction, test soil should be removed from the test pad and
brought back to the soil processing area for reworkmg The removing and
reprocessing of the soii is also requii-ed in the specifications of Appendix A, page I I -
5. However, as evidenced by the soils test reports in Tables 3.2 and 3.3 of this
document, soils failing moisture tests by much greater variances than those discussed
above, were neither allowed adequate time to absorb added moisture nor were they
removed from the test pad to be re-processed in a separate processing area, or at least
no details were provided to verify such. No such van.-Mon from the specifications
should be allowed in the faU-scale specifications

Depth of compaction and type of compactor -

The depth of compaction is measured by the length of the compactor's foot. EPA
QC/QA guidance makes it clear that the minimurn length of the roller foot should be
the length of the loose lift of soil. The specificatons. however, (Appendix A, pg 11-
4) state that the foot is to be as long as the compacted lift thickness (6"). This is short
of the desired length resullmg in lack of bonding between lifts This is critical for
adequate nuxing and kneading of the soil to insure proper homogeneity and even
moisture control The shorter feet on this test fill may have resulted in problems with
achieving compaction, as evidenced in the test results shown in Tables 3.2 and 3.3
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The type of compactor is also very important, as noted in the Work Plan for tins
project in Section 2 2.6, of Appendix 1. It states a "Caterpillar Model 825 or equal" is
to be used for tins project. The actual model used was an 81513, per Section 3.22 of
the Material Feasibility Study This compactor is nezxly one half the size of the 825
Model and definitely not the most desirable piece of (ý'qtnpment for construction of this
large of a landfill (see Appendix C for details)

Recompaction and Momire Adjustment -

Significant moisture adjustments in the test fills were required, as reported in Tables
3.2 and 3.3 Most results appeared to have been corrected on the same day, without
adequate saturation time, and repaired on the test pad itself, without moving the
failing soil back to the processing area. Both of these conditions violate the
specifications wntten for this project in Appendix A For example, Appendix A,
Section 11, Part 3.02 -H, page 11 -5, states "No more than 2 percent moisture may be
added to the test fill during construction. If the moisture content is greater than 2
percent.. , the test fill soil shall be removed from the test filL." No evidence of the
correct procedure was recorded or so stated in the document when moisture tests failed
on the test pad by this margin

Test fill 42 recorded a moisture test, Test Number 34, of 6 percentage points above
optimum moisture On the same day a second passing test was recorded (Test Number
37), that stated m the comments, "Retest of No. 34, after wettzng of dry areas
pulverizing and compacting"'

This would not be sigmficant if not for the fact that in two test fills containing 55 and
70 tests each, a failure rate of 20% - 30% was experienced. Also, there were soil
moisture variations on the test fills of 5 points below to 6 points above optimum
moisture Both observanoris lead to the acceptability and reliability of the test fill
construction program methods The full-scale specifications should concur with the
original test fill specificanons with regard to reconditioning failed lifts

Part 264, Subpart C - Preparedness and Prevention

Addressed in the Report but not fully developed. This information should be provided or
addressed in a schedule by issuance of the CDD.

Part 264, Subpart D - Contingency Plan and Emergency Procedures

Addressed in the Report but not fully developed. Tins informaton should be provided or
addressed in-a-schedule by issuance of the CDD
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Part 264, Subpart E - Manifest System, Record keeping and Reporting

Addressed in the Report but nol fully developed- This information should be provided or
addressed in a schedule by issuance of the CDD (State agrees that manifest system is not
applicable).

Part 264, Subpart F - Ground Water Protection

Development of a ground water monitoring plan is needed for the CDD and not addressed in
the Report-

Part 264, Subpart G - Closure and Post-Closure
Part 264, Subpart S, (d)(4) addresses in general terms the closure and post-closure
requirements for CAMUs Substantive sections of Subpart G will be applicable.

Part 264, Subpart N - Landfills

Development of landfill design, specifications, construction, response actions, record keeping,
and closure and post closure care, will be consistent with this Subpart.

Rules and Regulations pertainuig to Solid Waste Disposal Sites and Facilities 6 CCR
1007-2

CAMU Regulations specifically address siting of hazardous Výaste disposal sites, 6 CCR 1007-
2, Part 2 The Army also considered the solid waste regulations. The state's regulations
governin solid waste disposal sites were addressed in the Report and adopted as criteria,
specifically Locarzon Restrictions and Site Standards, Section 3 1 The demonstration that
these criteria we met is lacking in some mstances, as noted by the Army (e-g., topographic
protection and h%amgeologic isolation, Page 4-15) The isolation criteria is actually more
fully dn eloped under the Part 2 rules. below

Rules and Regul2nons pertainmg to Solid and Hazardous Wastes 6 CCR 1007-2, Part 2
Requirements for Siting of Hazardous Wane Disposal Sites

These regulations are adopted under the CAMU regulations Section 264 552

6 CCR 100 7-2, Part 2, Section 2 4, Minimum Design Performance Crzterza

These regulations consider: 2 4 1, Protection of human health and the environment, 2 4 2,
Protection of groundwater quality, 2 43 ), Protection of surface water quality, 2 4.4, Protection
of Air Quality-, 2 4.5, Long-term impact to public health and the environment, 2 4.6, Liner
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integrity, 2 4 7, Leachate and runoff control, 2 4 8, Closure, 2 4 9, Surface and groundwater
water monitoring; and 2.4 10, Post-construction certification, 2.5 Requirements for Siting and
Design. General commen follow

The Army should provide cross-i eference to these regulations for agency reviewers, as many
of these requirements are partially addressed in various sections of the ReporL

A major design consider-ation, the potential for migration through liners (and impact to
groundwater) should be addressed using mas transport modeling, not just by HELP The
Army used RITZ for unsaturated flow estimates. The estimate of travel lame to demonstrate
the 1,000 year protectiveness criterion requires additional evaluation

The Army should consider other liner performance criterion besides cost and constructability,
such as mass transport considerations, before selecting a liner design. The state is particularly-
concerned with the use of GCL in the primary liner The state is also concerned with using
sand in the leachate collection layers (See page 5-10, second paragraph of the Report)
Coarse granular material or geogrid is more effective than sand (coarse granular is preferred
over geognd) The state would like to discuss the use of 80-mil geomembrane versus 60-mil

The prevention of impacts to air and surface-water quality should be addressed at the issuance
of the CDD

6 CCR 1007-2, Part 2, Section 2.5, Requirementsfor Siting amd Design
Sections 2 5 1,2
These sections consider conformance with the minimurn desipm criteria, odor-threshold levels,
safety and contingency issues, malenals for liners and covers, and resources necessary to
guarantee long-term protection of the environment. The Army should address these issues
directly, referencitig the appropriate regulation. Odor, in particular. has not been addressed in
the Report Material avaalability for liners and covers has been addressed in this report and
the Final Feasibility Study Soils Support Program ReporL

Section 2 5 3, addresses the 1,000 year criterion for exposure of waste to the public This
criterion was addressed in previous RMA studies using a time of travel argument to show that
a depth to groundwater greater than 40 feet below the liner system was adequate to prevent
impact to groundwater for close to 1,000 years. The current Report approaches the issue in
Section 4-- Area Feasibility by citing the requirements directly from the regulations (see page
4-16, first complete paragraph) wilhout. evaluating how the criterion is met. The selected
depth criterion (ground surface to groundvrater) ranges from 40 to 70 feet (See Page 4-21,
First Paragraph)

In Section 5- Site Feasibility Study, the Army notes that the effective depth to groundwater
from the bottom of the liner can be as shallow as 10 feet (Page 5-37. First Complete
Paragraph) -This shallow depth is presumed to provide in excess of 1,000 years travel time to
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groundwater. Thus the current report reduces the minimum depth to groundwater
significantly below the 40 foot depth presumed in earlier siting documents

The model runs, including HELP and R= should be further documented to justify not only
the cover and liner designs, but to justify the Army's conclusion that soil water movement
through the vadose zone could require 1,000 to 1,200 years to travel one foot. TI-ds rate is
over 50 times slower thari previous calculations shown in the 1988 Ebasco report- Mass
transport modeling, in lieu of HELP modeling may be more appropriate to account for
diffusion of volatiles

The report figures showing geologic cross-sections and sites should be modified to show
groundwater elevations (Figures 5 6 to 5.8). 7be state infers that an excavated landfill in the
Army's model would have a depth to groundwater much less than the 40 to 70 foot range
discussed in the Report (page 4-21, second complete paragraph)

Sectzons 2_5 4,5 states that designs are to be consistent with mluirements of section 2.4 in
order to be sited.

Sectzon 2 5 6 of the regulations addresses the location of a facility with respect to acceptable
means to prevent adverse effects oa public health in the event of discharges of hazardous
waste (See page 4-16, last paragraph of the Report). The Army should note the appropriate
plans (e g , contingency, operations) winch will address this regulation

it

Part A requirements of 6 CCR 1007-3, Section 100.40 (See Appendix A)

This section of a state permit for siting a hazardous waste disposal facility, Perma
Reawrements and Condazons, covers thirteen items of general information, status of other
environmental permits and approvals, and some specific information on the processes and
wastes to be handled A formal permitting process will not be required for the landfill since
the CAMU process is being use4 However, substantive technical information that should be
provided by the Army, are noted below (appropriate sections are italicized)

Secnon 100 40 (a), (8) requires a "description of the processes to be used for treating,
storing, and disposing of hazardous waste, and the design capacity of these items "

Section (a), (9) requires a specification of the hazardous wastes listed- quantities, and
processes to be used for such wastes

Secrzon (a), (13) covers hazardous debris and the categones

The Final LandfiE Site Feasibility Report (Report) defines only general waste categories, e g.,
contaminated soils, treated soil, structural debris Additional detail on the hazardous waste
sources and-ttraracter, list category, and their respective volumes. based on the conceptual
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remedy, will be needed with the CAMU Designaton Document (CDD) Detail on any
processes and material handling at the landfill are also required- The waste generation rates
and schedule in the Report are broad enough to cover a range of potential remedW
alternatives; however, these should be refined to reflect the current conceptual agreement and
the new version of the DAA.

Part B requirements of 6 CCR 1007-3, Section 100.41 (See Appendix A)

Part B requirements are used to demonstrate compliance with standards promulgated in Part
264. Additional substantive teclinical. information should be provided by the Army, as noted
below-

Section 100-41 (a) (2,3) Chemical and physical analyses of hazardous waste and
'hazardous debris must contain all information which must be known to treat, store, or
dispose of wastes properly in accordance with Part 264. A waste analysis plan is
required-

This information, which was not included in the Report, is needed to support a liner
design compatible with the wastes to be disposed (See 264 301) This information
should be provided or addressed in a schedule by issuance of the CDD. The issue of
waste analysis was briefly discussed in the Report- Further detail is neede(L

Sections (a) (4), (5), (6), (7), (8)

These reports have been briefly addressed in the ReporL These plans should be
developed in detail and submitted or addressed in the schedule at the time of the CDD.

Section (a), (11)

This sec:tion, which relates to facility location informazon has been addressed, in part,
in the Report. The following additional information is required

Section (a) (11) (B) (iii) The Army provides a 100-year flood plain map with
a vague citation to a 1983 Army Corps study Please elaborate on this source
of floodplam information.

Section (a), (18) A detailed topographic map showing a distance of 1,000 feet
around the facility at a scale of one inch equal to not more than 200 feet is
required. Inadequate topographics for the conceptual landfill footprints were
provided in the Report-

Section 100 41 (b) (7) consists of additional detailed information requirements for
landfills to illustrate compliance with Part 264, Subpart N
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Appendix S

COLORADO DEPARTMENT OF HEALTH AND ENVIRONMENT'S
MODIFICATIONS TO DRAFT FINAL CORRECTIVE ACTION

MANAGEMENT UNIT DESIGNATION DOCUMENT



Colorado Department of Health and EnAronment's
Modifications to

Draft Final Corrective Action Mariageinent Unit
Designation Document

Rocky Mountain Arsenal
Commerce City, Colorado

The followmg modifications and/or additions are to be included in the Fiag Corrgetive Acti2jj
Management-Uhut Des-ignation Dog== Rocky Mouritam Ar,=al

Text, Section 2.1. Facilitation of Ilic Remedy

In the fourth paragraph, third bullet, replace "toxicity" with "mobility."

Text, Tab e2l 1. D-escripgon of Llpe-fer=d S11twide Sgil Remedý

Toxic Storage Yards - The cub,.c yardage should be 2,700 BCY instead of 2,600 BCY.

Chemical Sewers - The cubic yarclage should be 64,000 BCY instead of 62,OGO BCY

Hex Pit - The cubic yardage listed under the 'Components of the Prefwred Remedy' should be
in, bold type to indicate that remediation. waste from that unrt may go intto the landfill.

Buned M-1 Pits - The cubic yardage (26,000 BCY) should be M bold type to indicate the volume
of r=ediation waste that will be placed into the landfill

South Plants Balance of Areas - The cubic yardage should be 135,000 BCY instead of 130,000
BCY

Secton 36 Balance of Areas - The cubic yardage should be 142,000 13CY instead of 140,000
BCY

'Principal' is misspelled through the table as 'pnnciple

Text, Table 4 2. Cross-References of Ecgulatory Rgquircmcnts

Include Subpart N in the Table's title
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Text, Figae 3. Schcdule of QAINIU Activities

Revise the table to indicate actual dates, 1 e

- 30-Day Public Co=ent period dates should be March 16, 1996 through April 19, 1996;

- Add - 30-D2y EVension to Public Comment Periodstm-ting April 20, 1-9%t fb3bbing
M2y 20, 1996.

CDPHE Issues CDD Desipnng CAN4U - June 11, 1996

Appendix B, Section 3.12. Site InvesugaAwn and LAhgmtory To-xdn&

In the last sentence of the section, replace "should" with "will

Appendix B, Section 4 2.3. Vowtation

Delete "CERCLA" from the first sentence of the f= paragraph

tv
Appendix D, Soction 4 ý- C2m-pxtbifity 5creening-Ang&=3

Add "Observable reactivity with liner components" to the list of extubited waste charactenstics
Much may entml segregation and/or pretreatment based on screerung results-

Appendix D, Section-3-0. Acronyms

Define S' as Sulfide

Appendix K 5c=gn 3.1.3. M=onngy Well Tnstaflato

Add a reference to ASTM D 5092 in item number 3. of this section

Appendix K Section 9 1. Data Evaluation Including StatigIcal. Analysis of ResWts

To be consistent with the text m Section 2.1, modify the first sentence of the second paragraph
of Section 8 1 to read

Groundwater analytical data collected as part of the pre-operational monitoring program
wil.1 be reviewed initially to identify the background water quality conditions widun the
landfill CAMU areal configuration, including the CFS and the UFS.
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Appendix L, Section 3,0. Closwe Procedures

In the last sentence of the second pamgraph, replace "may" with The sentence vnH read
Specific procedures for closure of these facilities will be developed during design and wtU
include confirmation sarripling and venfication. of decontamination-

Appendix P, Section 02721, Qo=Mted Clay Liner

Section 3 02, A. - Revise the third sentence to read "The compacted clay liner shall be a
miriirnum of three (3) feet thick over the bottom and perpendicular to sidestopes of the landfill
CCU II

Figures BI, KI, and L2

The label in the upper left corner should read Facihties withm Corrective Action Management
Unit (CAMLD arcai configuration.
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