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FATE AND TRANSPORT MODELING RESULTS
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FATE AND TRANSPORT MODELING

Fate and transport modeling for Underground Storage Tank (UST) 100A was conducted based upon the
analytical data obtained from 14 monitoring wells screened in the surficial groundwater (March 2009).

Benzene was the primary constituent modeled because, historically, only this contaminant has ever been
detected above its respective screening criteria, the In-Stream Water Quality Standard (fWQS) of 51 pg/L
for groundwater and the soil threshold level of 0.800 mg/kg in soil. However, the maximum concentration
of benzene detected in the surficial groundwater in March 2009 was 44.8 ug/L at MW 14, which is below
the IWQS. Table V-1 presents a summary of the inputs for the modeling for benzene in groundwater. The
groundwater results for benzene from calendar year 2009 were used to validate and/or update the
transport model, as discussed below. ' '

The Analytical Tramsient 1-, 2-, 3-Dimensional model (GSC 1998; Yeh 1981) was run utilizing the
March 2009 sampling results. The results of the modeling indicate that benzene migration from
UST 100A is not expected to be of concern at the nearest receptor location (inan-made drainage ditch,
approximately 450 ft southwest of the site). The benzene concentration is not expected to ever exceed a
concentration of 1 pg/l. beyond 50 ft downgradient from MW14 (Figure V-1 and Table V-2). At a
distance of 10 ft downgradient from MW14, the modeled expected concentration of approximately
40 pg/L is below the IWQS of 51 pg/L. The dilution attenuation factors calculated for UST 100A are
presented in Table V-2, and the results of modeling the concentration of benzene below the source are
shown in Figure V-2.

References

GSC (General Sciences Corporation) 1996, RISKPRO®'s SESOIL for Windows, General Sciences
Corporation, Laurel, Maryland.

Yeh, G. T., 1981. ATI23D: Analytical Transient One-, Two-, and Three-Dimensional Simulation of
Waste Transport in the Aquifer System, Environmental Sciences Division, Oak Ridge National
Laboratory, Qak Ridge, Tennessee, Publication No. 1439.
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Table V-1. Summary of Input Parameters Used for
ATI123D Modeling of Benzene,
UST 160A, Northwest of Building 1340

Parameter March 2009

Release Rate {mg/hr) Variable (0 to 3.1)
Plume Size (m x m) 17x3
Bulk Densily (g/cc) 1.69
Effective Porosity {%) 20
Hydraulic Conductivity (m/hr} 0.055
Hydraulic Gradient (m/m) 0.0073
Kd (L/kg) 0.5589
Longitudinal Dispersivity (m) 16

| Transverse Dispersivity (m) 4]
Vertical Dispersivity (i) 1
Molecular Diffusion (m*/hr) 3.53E-06
Biodegradation Rate (hr'") 4.01E-05

ATI23D = Analytical Transient [-, 2-, 3-Dimensional {model).

UST = Underground storage tank.

Table V-2. Dilution Attenuation Factors, UST 100A, Northwest of Building 134{)

Distance to Predicted Maximum Concentration of
Receptor Benzene in Groundwater Dilution Attenuation Factor
{ft) Soil Source (sg/l) | Plume Source (ug/L) | Soil Source (ug/L) | Plume Source (ug/L)
0 69.5 48,40 1.00 1.00
3 67.9 34.60 1.02 1.40
7 571 24.40 1.20 1.98
10 40.3 17,30 1.72 2.80
13 26.3 12.30 2.64 363
16 17.6 8.80 395 5.50
20 11.8 6.30 5.89 7.68
23 7.9 4.60 8.82 10.52
26 53 3.3 13.24 14.67
30 36 24 1941 20,17
33 2.5 1.8 28.37 26.80
39 1.2 1.0 57.92 48,90
44 0.4 0.4 172.89 121.00

UST = Undetground storage tank.

09-086{E)}091169

e



OVET SuIpping Jo 35aMYION “VOOT LSN “(PIAIN 189N 22.IM0§ wWn|d I2)EMPUNOLS) PUE [ S & UOHEUIWEIUO)) [10S)
$92IN0S 2y} WO.LJ IUBISI(] JUIIPEIIUMO(] SNSIIA JIJEMPUNOLL) IY) UI IUIZUIY JO UOHEBIIUIDUOY) PIPPOIA *[-A 2InSig

(339) 92an0g ayy woay dueISI(] JudPrISUMO(]

Fort Stewart UST CAP-Part B Report

UST 100A, Building 1349, Facility ID #9-089080

0¢ (014 0¢ 0cC 0l 0
_ ﬁ _ 0
= 01
Loz &
=
&
- 08 E
=
=
or S
=
[-€S 18 221008 [1og 0¢S q%
P1- AN 1B 22In0g awn| e
- 09
173

V-5

09-086(E)/091109



Fort Stewart UST CAP-Part B Report

UST 100A, Building 1349, Facility ID #9-089080

VO0OI LS “(600T Y 1EA = ¢ dwiL]) SulpPpoy ASTILY Suisn

321N0S 973 MOJIg IANEBMPUNO.LD) UI JUIZUIG JO UOHIBIIUIIUOY) PAINPAL] "T-A NSy

=1
(vs}

(Ivay) sumg,

0

T

TOIN
Tmb ¥ [ersgmg ) ur xew )
Imby payarag apurxau)

00

0001

0"00¢

0°00¢

000+

0700y

(T:/31) uonLNUIIUD))

V-6

09-086(E)/091109



Fort-Stewart UST CAP--Part B Report
UST 100A, Building 1349, Facility 1D #9-089080

APPENDIX VI:

ALTERNATE CONCENTRATION LIMIT AND
ALTERNATE THRESHOLD LEVEL CALCULATIONS
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ALTERNATE CONCENTRATION LIMIT CALCULATIONS

The groundwater data collected during 2008 and 2009 were screened against the In-Stream Water Quality
Standards (IWQSs) to determine constituents of potential concern (COPCs).

Benzene was determined to be a COPC for groundwater at the site and was selected as the indicator
chemical for fate and transport (F&T) modeling. Seasonal Soil Compartment (SESOIL) modeling was
performed to predict the leaching of benzene from soil to groundwater, and Analytical Transient 1-, 2-, 3-
Dimensional (AT123D) modeling was used to predict horizontal migration of groundwater. The nearest
receptor location is a storm drain located 120 ft southeast of the site; as the invert elevation [61.5 ft below
ground surface (bgs)] is below the water table, this utility may represent a potential pathway.

The- maximum concentration of benzene detected in perched groundwater at the site was 441 pg/L at
SB-31 (based on calendar year 2008 data). The maximum concentration of benzene detected in the
surficial groundwater was 44.8 pg/L. at MW14. The contaminants in the perched groundwater represent a
source of ¢contamination to the underlying surficial groundwater aquifer. The perched groundwater is
separated from the surficial groundwater by a thin layer of clay (approximately 2 to 3 ft thickness)
encountered at depths of approximately 8 to 12 ft BGS, which inhibits the direct contact to this perched
source, However, the perched contaminants continue to impact the underlying surficial groundwater
through slow continuous leaching of low levels of contamination.

The modeling indicated that the benzene concentration is not expected to ever exceed a concentration of
5 ug/L beyond 50 {t downgradient from MW14, much less the IWQS of 51 pg/L.. The modeling results
for benzene estimated a dilution attenuation factor (IDAF) of 121. The approach for calculating the
alternate concentration limit (ACL) would be to utilize the DAF to the downgradient receptor in
conjunction with the TWQS. However, this would produce an unrealistically high benzene ACL. As a
result, a more conservative DAF of 10 was selected to calculate ACLs for volatile organic compounds.
The compound-specific regulatory levels were used in conjunction with the DAF fo develop constituent-
specific ACLs that are presented in Table VI-1.

Benzene has never been detected above the ACL in either the surficial groundwater at the site or the
perched groundwater.

Table VI-1. Alternate Conceniration Limits for Contaminants in Groundwater

Maximum Observed
Regulatory Levél ACL? Concentration, 2009
Contaminant (ug/L) DAF {ug/L) {ug/L)
Benzene 5]° 1 510 44 8

? ACL = Regulatory level x DAF,

? In-Stream Water Quality Standard (February 2009).

“DAF = 10 for volatile organic compounds (conservative selection),

ACL = Alternate concentration limii.

DAF = Dilution attenuation factor based on predicted concentration at the source divided by
predicted conceniration at the receptor.
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ALTERNATE THRESHOLD LEVEL CALCULATIONS

The soil boring data collected during 2007 and 2008 were screened against the soil threshold level
(Table A, Column B) to determine COPCs. Benzene was identified as a COPC for soil at the site.

Benzene was selected as the indicator chemical for F&T modeling. SESOIL modeling was performed to

predict the leaching of benzene from soil to groundwater, and AT123D modeling was used to predict
horizontal migration of groundwater to the potential receptors. The calculation of alternate threshold
levels (ATLs) for soil is presented below and summarized in Table VI-2. Benzene has never been
detected above its calculated ATL in goil borings at Underground Storage Tank 100A.

The ATL for benzene can be calculated using the following steps:

Step 1 - Calculate the fractional organic carbon (f) content of the contaminated soil:

fi = 0.0069 (site-specific value).

Step 2 — Calculate the contaminant concentration in soil pore water (C,) directly in contact with
contaminated soil:

C,
Cw = 8
. K()C x fCS
where
C. = average concentration in soil above the water table,
K, = organi¢ carbon partitioning coefficient [Georgia Underground Storage Tank {(GUST)
Corrective Action. Plan (CAP)-Part A Guidance, Appendix I, Table 1],
foo = fra‘ctional_ organic carbon cofitent (calculated in step 1).
C Koe fes Cy
Contaminant (mg/kg) (mL/g) (dimensionless) {mg/L)
Benzene 0.864° 81 0.0069 1.55

“Maximuwm concentration detected in soil utilized as a conservative value (SB-01, September2005).

Step 3 - Calculate the DAF for migration of leachate (DAF;) to the water table based on the
SESOIL-predicted maximum contaminant concentration in groundwater:

C,
DAF} -~ W
. Iax w
where
Cu =  concentration in soil pore water directly in contact with contaminated soil,
Chpixye =  SESOIL-predicted maximum concentration in the leachate at the water table

interface,
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R C“’ Cmnx_, w DAFl
Contaminant (mg/L) (ml/p) (dimensionléss)
Benzene 1.55 0.81 1.91

Step 4 — Calculate the ATL:

ATL = (Koo} (fis) (Caa) (DAF)) (DAE,)

where
K, = organic carbon partitioning coefficient (GUST CAP-Part A Guidance, Appendix I,
Table 1),
Caa =  applicable water quality standard or ACL.
Table VI-2. Calculation of Alternate Threshold Levels for Contaminated Soil
K Ceta Calculated ATL
Constituent {mL/g) e (mg/L) DAF, | DAF, (mg/kg)
Benzene 81 0.0069 0.051° 1910 20°¢ 1.1

7 In-Stréam Water Quality Standard (Fébruary 2009).

b Average dilution attenuation factor (DAF) for benzene aver the various layers in the soil column.
¢ Assumes a more conservative DAF of 20 for Jateral migration of benzene in groundwater.

ATL = Alternate threshold level {soil).

Cya = Applicable water quality standard or alternate concentration limit,

DAF, = DAF for vertical migration of leachate.

DAF, = DAF for horizontal migration of water.

f.s= Fractional organic carbon.

Koo = Organic carbon partitioning coefficient.
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APPENDIX VII:

SITE RANKING FORM
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SITE RANKING FORM

Facility Name: _UST 1004, Building 1349

County: Liberty Facility ID #: 9-089080

SOIL CONTAMINATION

A

Total PAHs —

Maximum Concentration found on the site
{Assume <0.660 mg/kg if only gasoline
was stored on site)

[:I <0.660 mg/kg = 0

[ >0.66 - 1T mg/kg = 10

[  >1-10mgkg = 25
*X >10 mglkg = 50

* 1999 sample from MW10 (37.8 mg/kg), 0-1 It bgs.

C.

Fill in the blanks:

Depth to Groundwater
(bls =below land surface)

] >50' bls = 1
] >25'-80'bls = 2
] >10'-25'bls = 5§
X <10'bls = 10

GROUNDWATER CONTAMINATION

E.

Fill in the blanks:

09-B86(EY 091109

Free Product (Nonagueous-phase
liquid hydrocarbons; See Guidelines
For definition of "sheen”).

54 No free product = 0

100 points =
* No evidence of product observed in March 2008.

[0  Sheen-1/8" = 250

N >1/g8" - 6" = 500

| >6" - 1ft. = 1,000

] For every additional inch, add ancther

(E._0)+(F. 5)=(G. 5)

Ranked by: M.T. Bogucki

Date Ranked: 08/13/2009

B. Total Benzene -
Maximum Caoncentration found on the site

[0 =<0.005 mglkg = 0
(1 >0005-.05mglkg = 1
=X >0.05 - 1 mg/kg = 10
1 >1-10 mgikg = 25
0 >10-50 mgkg = 40

>50 mg/kg = 50

** 2005 sample from $B8-01 (0.864 mg/kg), 10-12 bgs.

(A.50) + (B._10 ) = (60} x (C. 10) = (D. 600)

F. Dissolved Benzene -
Maximum Concentration at the site
{One-well must be located at the source
of the release.)

O =<5ugl =0
™ >5-100pgiL =5

1 >100-1,000 pgiL =50

J  >1,000-10,000 pg/L = 500

b >10,000 ugiL = 1500

* March 2009 Sample from well MW14 (44.8 ugil).

Page 1 of 2
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Facility Name: _UST 100A, Building 1349 County:_ Liberty Facility ID #: __9-089080

POTENTIAL RECEPTORS (MUST BE FIELD-VERIFIED)

Distance from nearest contaminant plume boundary to the nearest downgradient and hydraulically connected
Point of Withdrawal for water supply. If the point of withdrawal is not hydraulically connected, evidence
as outlined in the CAP-A guidance document MUST be presented to substantiate this claim.

H. Public Water Supply l. Non-Public Water Supply
I Impacted = 2000 ] Impacted = 1000
O <500' = 500 O] <100’ = 500
] >500'-%ami = 25 ] >100' - 500 = 25
[] Yami-1mi = 10 L] >500'-%ami = 5
] >1 mi-2 mi =2 L] >Va - Yo mi = 2
N > 2 mi =0 X >V mi = 0
For lower susceptibility areas only: For lower susceptibility areas only:
X >1 mi =0 ] >Va mi =
Note: If site is in lower susceptibility area, do not use the shaded areas.

J. Distance from nearest Contaminant Plume K.  Distance from any Free Product
boundary to downgradient Surface Waters to basements and crawl spaces
OR UTILITY TRENCHES & VAULTS (a utility
trench may be omitted from ranking if its invert
elevation is more than 5 feet above the water table)

I Impacted = 500
[l Impacted = 500 O <500' = 50
* <500 = 50 ] >500'-1,000" = 5

] >500"- 1,000 = 5 X >1,0000r = 0
J >1,000' = 2 no free product.
Underground utilities.

Fillintheblanks: (H. 0 ) + (I._0 )+ (J._50 )+ (K_0 ) = L. 50

(G. _5 )x (L._50)= M.250
(M.250) + (D.600) = N.850

P. SUSCEPTIBILITY AREA MULTIPLIER

] If site is located in a Low Ground-Water Pollution Susceptibility Area = 0.5

X All other sites = 1
Q. EXPLOSION HAZARD

Have any explosive petroleum vapors, possibly originating from this release, been detected in any
subsurface structure (e.g., utility trenches, basements, vaults, crawl spaces, etc.)?

[l Yes = 200,000
X No =0

Fill in the blanks: (N.850)x (P._1_ )=(850)+(Q._0 )

= 850 (based on historical soil samples and 2009 groundwater samples)
ENVIRONMENTAL SENSITIVITY SCORE

09-086(E)/091109 Page 2 of 2
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ADDITIONAL GEOLOGIC AND HYDROGEOLOGIC DATA

The following provides supplemental information to Item H of the Site Ranking Form. It also presents details
related to the geologic and hxdiogeologic conditions at Fort Stewart that support Fort Stewart’s deternnation
that the water withdrawal points located at the site are not hydraulically connected to the surficial aquifer,

1.0 REGIONAL AND LOCAL GEOLOGY

Fort Stewart is focated within the Coastal Plain phy siographic province. This province is ty pified by nine
southeastward-dipping strata that increase in thickness from 0 ftatthe Fall Line, located approximately
150 miles inland from the Atlantic coast; to approxim ately 4,200 ft at the coast. State geologic records

describe a probable petroleum exploration well (the No. 1 Jelks-Rogers) located in the region as encountering

crystalline basement rocks at a depth of 4,254 ft below ground surface (BGS). This well provides the most

complete record for Cretaceous, Tertiary, and Quaternary sedimentary strata in the region.

The Cretaceous section was found to be approximtely 1,970 fi thickand dominated by clastics. The Tertiary
section was found to be approxinately 2,170 ft thick ad dominated by limestone, with a 175-fi-thick cap of
dark green phosphatic clay. This clay is regionally extensive and is known as the Hawthorn Group. The
interval from approximately 110 ft to the surface is Quaemary in age and composed primarily of sand with
interbeds of clay or silt. This section is undifferentiaed into separate formations (Herrick and Vochis 1963).

State geologic records contain inform ation regarding a well drilled in October 1942, 1.8 m iles north of
Flemington at Liberty Field of Camp Stewart (now known as Fort Stewart).This well is believed to have been
an artesian well located approxim ately 1/4 mile north of the runway at Wright Arm y Airfield within the
Fort Stewart Military Reservation. The log for this well describes a 410-ft section, the lowermost 110 ft of
which consisted predom inantly of limestone sediment, above which 245 ft of dark green phosphatic clay
typical of the Hawthorn Group were encountered. Th e uppermost portion of the section was found to be
Quaternary-age interbedded sands and clay s. The top 15 ft of this sedim ent were described as sandy clay
(Herrick and Vochis 1963).

The surface soil located throughout theFort Stewart garrison area consistsof Stilson loamy sand. The surface.
layer of this soil is ty pically dark grayish-brown loamy sand measuring approximately 6 in. in depth. The
surface lay er is underlain by material consisting of pale yellow Joamy sand and extends to a depth of
approximately 29 in. The subsoil is predoninantly sandy clay loam and extends to a depth of 72 in. or more
(Herrick and Vochis 1963).

2.0 REGIONAL AND LOCAL HYDROGEOLOGY'

The hy drogeology in the vicinity of Fort Stewart  is dom inated by two aquifers referredto  as the
Principal Artesian and the surficial aquifers. The Priripal Artesian Aquifer is the lowermost hydrologic unit
and is regionally extensive from South Carolina through Georgia, Alabama, and m ost of Florida. Known
elsewhere as the Floridan, this aquifer is com posed primarily of Tertiary-age limestone, including the Bug
Island Formation, Ocala Group, and Suwannee Linestone. These formations are approximately 800 fi thick,
and .groundwater from this aquifer is used primarily for drinking water (Arora 1984).

The uppermost hydrologic unit is the surficial aquifer,which consists of widely varying amouwnits of sand and
clay ranging from 55 to 150 ft in thickness. This aquifeis used primarily for domestic lawn and agricultural
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irrigation. The top of the water table rangesfrom approximately 2 to 10 ft BGS (Geraghtyand Miller 1993).
The base of the aquifer corresponds to the top of  the underlying dense clay of the Hawthorn Group. The
Hawthorn Group was not encountered during drilling at this site but is believed to be located at 40 to 50 ft
BGS; therefore, the effective aquifer thickness would be approximately 35 to 45 {t. Soil surveys for Liberty
and Long Counties describe the occurrence of a perched water table within the Stilson loamy sands present
within Fort Stewait (Looper 1980).

The confining layer for the Principal Artesian Aquifer is the phosphatic clay of the Hawthorn Group and
ranges in thickness from 15 to 90 ft. The vertical hylraulic conductivity of this confining unit is onthe order
of 10°* em/sec. There are minor oceurrences of aquifer material within the Hawthorn Group; however, they
have limited use (Miller 1990). The Hawthorn Group has beewlivided into three formations: Coosawhatchie,
Markshead, and Parachula, listed from youngest to oldest.

The Coosawhatchie Formation is composed predominantly of clay but also has sandyclay, argillaceous sand,
and phosphorite. units. The formation is approximately 170 ft thick in the Savannah, Georgia, area. This unit
disconformably overlies the: Markshead Form ation and is distinguished from the underly ing unit by dark
phosphatic clays or phosphorite in the lower part and fine-grained sand in the upper part.

The Markshead Form ation is approxim ately 70 fi thic k in the Savannah, Georgia, area and consists of
light-colored phosphatic, slightly dolomitic, argillaceous sand to fine-grained sandy clay with scattered beds
of dolostone and limestone.

The Parachula Form ation consists of sand, clay , limestone, and dolom ite and is appr oximately 10 ft thick in
the Savannah, Georgia, area. The Parachuila Formation generally overlies the Suwannee Limestone in Georgia.

Groundwater encountered at all the underground storage tank (UST) investigton sites is part of the surficial
aquifer system. Based on the fact that all public and non-public water supply wells draw water from the
Principal Artesian (Floridan) Aquifer and that the Hawtliorn confining unit separates the Principal Artesian
Aquifer ffom the surficial aquifer, it is concluded that there is no hy draulic interconnection between the

surficial aquifer (and associated groundwater plumes, if applicable) located beneath former UST sites and
identified water supply withdrawal points at Fort Stewart.

3.0 REFERENCES

Arora, Ram 1984, Hydrologic Evaluation for Underground Injection Control in the Coastal Plain of Georgia,
Department of Natural Resources, Envitonmental Protection Division, Georgia Geological Survey.

Geraghty and Miller 1993. RCRA Facility Investigation Work Plan, Fort Stewart, Georgia.

Herrick, S.M., and R.C. Vochis 1963.Subsurface Geology of the Georgia Coastal Plain, Georgia Geologic
Survey Information Circular 23,

Looper, Edward E. 1980.  Soil Survey of Liberty and Long Coiumnties, Georgia, U. S, Departm ent of
Agriculture, Soil Conservation Service.

Miller, Jam es A.  1990. Groundwater Atlas of the United States, U. S. Departm ent of the Interior,
U. S. Geological Survey, Hydrologic Inventory Atlas 730G.
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APPENDIX VIII:

BORING LOGS AND WELL DIAGRAMS
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BORING LOGS AND WELL DIAGRAMS - 1998 AND 1999
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17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY).

Y .
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> 2T Sh-ex
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2. SUAFACE ELEVATION: TBD
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-t ey
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HTRW DRILLING LOG
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4R B
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L COMPANY NAME: SAIC

2. DRILL SUBCONTRACTON. 5 A\ (/ 2 ‘% S

SHEET ,_Lor;ﬁ

1.PROJECT: Fon StewartHunter

4. LOGATION: Swmu\ 3:7 } DP{O

5. NAME OF DRILER (Bo\ﬁh\.\ Lewsts
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14, TOTAL DEPTH OF HOWLE
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17, OTHER WATER LEVEL MEASUREMENTS 1SPECIFYY
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o XL Sl 7S
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12. OVERBURDEN THIKNESS 7 L.0” bas 15, DEPTH GROUNDWATER ENCOUNTERED: A/ Ay
19, DEPTH CRILLED INTO ROCK v A’ 16. DEPTH TG WATER AND ELAPSED TiME AFTER DRILLING COMPLETED;
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14, TOTAL DEPTH OF HOLE
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17. QTHER WATER LEVEL MEASUREMENTS (SPEW‘fﬁ

18 GEOTECHNICAL SAMPLES HSTURBED UNQISTURRED 19, TOTAL NUMBER OF CORE BOXES
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HTRW DRILLING. LOG . oiISTRCT: USACE Savannah HOLE NUMBER,

s

1. COMPANY NaME. SAIC & DR SUBCONTRACTOR: S /4'{ i
1L~ 3 smger Lo uoF }

3. PROJECT: Fort StewartHunter 4. LOCATHON: SDOMU\, ‘2-7 S 3 Iy
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