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1.0 BACKGROUND

1.1 INTRODUCTION

This Predesign Investigation Work Plan title "Revised Work Plan" was prepared for Source
Removal Design at the Hunter Army Airfield (HAAF) Fire Training Area (FTA), Savannah,
Georgia. This document has been prepared to comply with the requirements of the scope of
work issued by the U.S. Army Corps of Engineers, Savannah District (CESAS), dated April 25,
1995.

1.2 PURPOSE

The purpose of this investigation is to gather field data to further define the extent of soil and
ground-water contamination at the FTA. This information will be used to prepare design and
construction documents (plans, specifications, and construction cost estimate) for remediation

and closure of the site.

1.3 SITE DESCRIPTION

The following subsections are summarized from the Environmental Science and Engineering
(ESE, 1993a and 1993b) reports.

1.3.1 Site Location and History

HAAF is located in Chatham County, Georgia, within the southwest portion of Savannah
(Figures 1-1 and 1-2). The installation is bounded to the north by the city of Savannah, to the
south and east by residential and light commercial areas, and to the west by the Little Ogeechee

3551-0320.26 1-1



FIGURE 1-1

LOCATION MAP
HUNTER ARMY AIRFIELD, GEORGIA
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River. The installation currently serves as an aircraft support base for Fort Stewart, and the
U.S. Coast Guard.

Fort Stewart was established in June 1940 as an antiaircraft artiHery training center. The
installation was named in honor of Revolutionary Wér General Daniel Stewart. During World
War II, the Fort Stewart served for a short period time as a prisoner of war camp, and housed
two Italian units. The installation was deactivated at the end of the war. Fort Stewart was
reactivated in 1950 to serve as a training post for antiaircraft artillery units in the Korean
Conflict. The post’s mission was expanded in 1953 to include armor training. In 1956, Fort
Stewart was designated a permanent Army installation.

HAAF was acquired from the U.S. Air Force in 1967 following the designation of Fort Stewart
as a flight training center. This was in response to the increased need for helicopter pilot
training during the -Vietnam Conflict. Aviation training was discontinued at Fort Stewart in
1973. Fort Stewart became a training and maneuver area upon activation of the 1st Battalion,
75th Infantry on January 21, 1974. Support and training for weapons systems including tank,
field artillery, helicopter gunnery, and small arms was carried out for regular Army and National
Guard units. The 24th Infantry Division was permanently stationed at Fort Stewart in 1975, and
was active in the Persian Gulf war crisis of 1991. Aircraft based at HAAF include a variety of
combat and transport helicopters. The airfield was also used for mobilization of troops and

weapons during recent U.S. military operations in the Persian Gulf and Somalia,

The FTA is located on the northwestern portion of the airfield approximately 800 feet from the
control tower on a grassy cleared area measuring approximately 400 feet by 200 feet. The fire
training area features a 6,400 fi® diked, gravel-cbvered concrete pad upon which a simulated
aircraft was constructed from a steel storage tank (ESE, 1993b). Fuels used in training exercises
at the FTA were stored in an aboveground, steel storage tank with a capacity of approximately
10,000 gallons. The tank measures approximately 27 feet by 9 feet, and is installed with the

long axis oriented horizontally. The tank rests on three concrete supports, and is located

3551-0320.26 1-4



approximately 112 feet due north of the fire training pad. The tank is surrounded on all sides
by an approximately 2.5-foot high earthen berm. Fuel used in fire training exercises was
pumped through an underground lLine directly to the simulated aircraft on the fire training pad.
The fuel line measures approximately 142 feet in length, and is of unknown diameter.
Approximately 30 feet to the northeast of the steel tank is a horizontally-oriented, cylindrical,
tank-like metallic object measuring approximately 12 feet by 4 feet. The function of this object,

and its past use at the FTA, is not known.

The site is bounded on the northwest and south by drainage ditches, by the airfield pavement on
the east, and by wooded land on the southwest (Figure 1-3). Topography at the site stopes
predominantly to the west at a moderate gradient. Topographic relief in the vicinity of the site
is approximately 21 feet. Elevations at the site range from 35 feet above mean sea level (msl)
at the fire training pad to 14 feet msl in the northern drainage ditch (ESE, 1993).

The FTA was used until 1991 for training of fire fighters based at HAAF. Fuel utilized for
training exercises included mostly water-contaminated jet fuel (JP-4) and diesel fuels. Although
solvents also were reported to have been used at the site [personal communication, U.S. Army
Environmental Hygiene Agency (USAEHA), 1993], no evidence or documentation exists that
solvents were used. During the training exercises, the fuel was pumped on the surfaces of the
simulated aircraft and ignited. The fire was extinguished with water .or foam (EBSE, 1993b).
The pad was constructed with concrete curbs to contain the water and foam generated during fire
fighting exercises. These curbs were not entirely effective in containing the fluids, which would

occasionally spill over the curbs and flow onto the surrounding soil (ESE, 1993b).

1.3.2 Environmental Setting

Hunter Army Airfield is geographically separated from the main Fort Stewart complex by a
distance of approximately 50 miles. The topography of the FTA averages approximately 30 feet

3551-0320.26 15
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above mean sea level, and slopes gently west toward the Springfield canal. The canal trends
southwest before emptying into the Little Ogeechee River floodplain.

1.3.2.1 Geology - The Atlantic Coastal Piain consists of a thick wedge of variably consolidated
sediments ranging in age from Recent td Cretaceous. The sedimentary wedge thickens and
slopes eastward at dips of less than 1 degree. Basement rocks underlying the coastal plain in
the Savannah area consist of consolidated metamorphic and sedimentary rocks of Triassic to
Precambrian age, and crystalline igneous rocks of the Precambrian Piedmont Formation. The
depth to the Precambrian basement rocks in the Savannah area is approximately 4,200 feet

(Cramer and Arden, 1980).

Sediments comprising the principal artesian and surficial aquifers at the site extend to a depth
of approximately 850 feet. The units consist principally of sands and limestones of Eocene to

Recent age. Figure 1-4 shows a composite geologic column representing the Savannah area.

Previous investigations conducted at or near FTA (ESE, 1982; USAEHA, 1987) indicate that
the geologic section consists predominantly of sand, silty sand, and lesser clayey sand deposits
to a depth of at least 100 feet below ground surface (bgs). Shallow borings performed during
previous investigations (USAEHA, 1987 and ESE, 1990) at the FTA indicate the surficial
deposits to consist of predominantly fine grained sand to depths of at least 10 feet.

1.3.2.2 Hydrogeology - The two principal aquifer systems of the Georgia Coastal Plain are the
surficial (or water table) aquifer and the Floridan aquifer. The Floridan aquifer system is
~ comprised of Middle to Upper Eocene limestones of the Ocala Group, and undifferentiated
Oligocene include sandy clay units and possibly comprises a part of the Floridan aquifer, In the

Savannah area, the top of the Floridan aquifer system occurs at approximately 200 feet bgs.

3551-0320.26 1-7



FIGURE 1-4

COMPOSITE GEOLOGIC COLUMN OF SAVANNAH AREA
HUNTER ARMY AIRFIELD FTA
SAVANNAH, GEORGIA

TOX. Geologic
Blevation Symbol System Series Unit Lithologic Description
+15 -
"1 & |Holocene Saﬁli§
o <2: Fm.
MSL == 7 .
Wi IPlsistocens| Alluvium Sand, Silt, Clay
T
PR B
_'_.: Cyprer:] Hgad Sand: Coarse, Massive to Cross Bedded
= Pliocene Raysor Fm. Sand: Fine, Well Sorted, Calcareous
100 —\I\M WVWMWM@%M’
ol _ Clay: Phosphatic, Sand
h’}l’f'dd'e Goosawalctie | Sand; Argillaceous
= locens ' Phosphorite: Quartz Sand & Phosphate, Minar Clay & Dolamite
: ,: . Marks Head Fm. Sand & Sandy Clay: Slighlly Dolomitic, Phosphatic
== Lower Miocene [ - aohuda Fm.]|  Sand. Clay, Limestons
-
L T , ,
200" —— Oligocene | Undiffer- Limestone: Soft, Fossififerous
1 entiated
I 1
i) | I |
T _]
I
I T 1 T
|
300" ;[ I [' I
C 1| >
Upper Ocala . ”
I ; I : $ EoFcJ:gn o | Limestone Limestor}c:;: Soft to Denss, Fossiliferous,
—— Glaucaonitic at Base
T F 13 } :
400 T -
A w
L L] ~
f_ 1
| ' L l
500' — ll | I|
—— Gosport Limestone: Sandy, Fossiliferous, Dense
' T ' T Sand
1
' : I ] I
800" Middle
T Eoceane
T Limestone: Soft, Glauconitic, Dolomitic, Marly
- Lisbon
700" II : '] : Formation
— Legend
[ ]
7 g Clay Not To Scals
800" .
ne E Limestons Sotirces: Herrick & Vorhis, 1963,
II Il Huddlesiun, 1988
T T H Clarke, o1 al, 1990
| Pre-Lisbon Sand, Silt 8
900" < [ 1] Rack:
e ek 3551-0320.12




The upper confining unit of the Floridan aquifer is comprised of the Middle and Upper Miocene
Hawthorn Group and Duplin Mari. These units are comprised of clay with occasional limestone
beds and provide hydraulic separation between the Floridan aquifer system and the overlying
surficial aquifer. :

The Pleistocene to Recent deposits overlying the Miocene units consist of complexly distributed
beds of sand, silt, and clay. Development of the surficial aquifer occurs in beds and lenses of
sand within these deposits. The typical water table depth in the Savannah area is approximately
3 to 10 feet bgs.

Borings performed at FTA encountered the surficial aquifer water table at 8 feet bgs. The
surficial aquifer’s vertical extent has yet to be determined; however, Kundell (1978) reports that
the surficial aquifer may be up to 120 feet thick in the study area.

The Floridan aquifer system is the major ground-water source for the coastal plain of Georgia
and adjacent states. The Floridan aquifer in Georgia provides the majority of water for
industrial and domestic use (500 million gallons per day statewide in 1978). No records exist
to demonstrate that extended usage of the surficial aquifer has occurred in the study area.
However, on Skidaway Island east of Savannah, withdrawals from the surficial aquifer for
trrigation and ground-water heat pumps range from 120,000 to 855,000 galions per day (Clarke,
Hacke, and Peck, 1990).

1.3.2.3 Climate - The climate in the vicinity of Hunter Army Airfield is moist and temperate
year round. Average temperatures are typically in the range from about 52 degrees Fahrenheit
in winter to 80 degrees Fahrenheit in summer. Annual rainfall .averages approximately 48
inches, 60 percent of which usually falls during the period from April through September. The
study area rarely is subjected to prolonged droughts.

3551-0320.26 1-9



1.3.3 Nature and Extent of Contamination

The following discussion of the nature and extent of contamination at the FTA was summarized
from ESE (1993b).

1.3.3.1 Previous Investigations - In March 1987, a preliminary contamination assessment was
preformed by the USAEHA. This Hazardous Waste Study was performed to evaluate the
existence of contamination in the soils and pit residues at three fire training areas and 4
Explosive Ordnance Disposal sites at Fort Stewart and HAAF. During February 1950, ESE
performed the first phase of a contamination evaluation at the Hunter FTA. From July to
December 1992, BSE conducted tests at the FTA to determine the significance of the

contamination,

The ESE investigations included drilling of soil borings, installation of monitoring wells, and
sampling and analyses of sediments, soil, and ground water. Figure 1-5 shows the location of
the samples collected during the 1987, 1990, and 1992 investigations. As required under
Resource Conservation and Recovery Act (RCRA) regulations, ESE (1993) used the analytical
results from the 1987, 1990, and 1992 investigations to develop carcinogenic and systemic
preliminary cleanup targets (PCTs) for the site. Contaminant classes for which PCTs were
developed included metals, volatile organic compounds, polynuclear aromatic compounds, and

semi-volatile organic compounds.

The ground-water analyses performed included hydraulic conductivity (slug) testing, ground-
water level monitoring, and PCT analysis. Ground-water levels were checked in monitoring
wells at the site over a six-month period using an electronic hydrologic monitor, Water level
measurements were recorded hourly with the monitor, while manual measurements were taken

once monthly.

Hydraulic conductivity (slug) testing was performed in two monitoring wells at the site during

the 1992 investigation. Wells tested included HMW-3, completed in the deep portion of the

3551-0320.26 1-10
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surficial aquifer; and HMW-4, completed in the upper portion of the surficial aquifer. Results
of testing indicated the surficial aquifer hydraulic conductivity in the vicinity of wells HMW-3
and HMW-4 to be 1.8 x 10® feet per minute (ft/min) and 1.3 x 10® ft/min, respectively.
Figures 1-6 and 1-7 depict the configuration of the potentiometric surface in the shallow and
deep portions of the surficial aquifer, respectively.

1.3.3.2 Soil Contamination - Soil sampling was performed during the previous investigations
conducted at the site. Soil sampling locations are shown in Figure 1-5. The results of chemical
analysis of the soil samples are shown in Tables 1-1 through 1-3 for the 1992, 1990, and 1987
sampling events, respectively.

The BH-series soil borings were installed immediately adjacent to the fire training pad by
USAEHA in 1987. The soil samples exhibited no significant levels of organic contamination;
however, elevated levels of lead were detected. The HSB-series borings were installed mainly
on the south side of the pad by ESE in 1990. In this sampling effort, the only significant
contamination consisted of elevated levels of PAHs detected in the surficial sample collected
from boring HSB-2, located north of the pad. The PSB-series borings were installed by ESE
in 1992 in an area predominantly north and west of the pad. These borings encountered varying
levels of semi-volatile organics, some of which exceeded the PCT level. The primary soil
contaminant of concern was found to be benzo(a)pyrene, a carcinogenic semi-volatile organic

compound.

The results from the PCT analysis show that polynuclear aromatic hydrocarbons (PAHs) were
detected above their carcinogenic PCTs in soil at the site. These samples were collected from
varying depths north and northwest of the fire training pad in 1990 and 1992, in a 3- to 4-foot
below land surface (bls) soil sample from the underground fuel line, and in a 0 to 1 foot bls soil
sample from the vicinity of the aboveground fuel storage tank. Surface soil samples collected
from the fire training pad in 1987 showed lead concentrations exceeding the U.S. Environmental

Protection Agency (USEPA) interim cleanup level.

3551-0320.26 1-12



SaUr] poop,

(95661 *353 WO O3IIGOW Jv 3sveE)

r0'0CED-155¢
6261 *(ANLYQ YOI 1H3A DLLIGOTD TWNOLLYN) WNLva NOLLYATTS
ajut arisy Ny
ey £
I’
H,

4334 NI TIVOS XOHddY
| .
05 0

00l
NOLLOAHIGMOT JALYM-GNNOHD  —=—p>
(IS 1) 1BAT ONY HNGINGD DIHIIWOLNTLOG =00 te——
CIS-1=) NOELYAT 1T mnﬁ._m:m DHLINOLUNILOS BB
GNY H3GWNN ‘NOLLYDOT TIEM BOLINOIN  1-MIAH e
. anNaoal uy L 5is
&
&
0
% e
Z
> o
& & i 2
Ww L]
Ny
L
&
sajod ubig oS \.w..
[}
81'sg o <
5 A5 A 53 S
ZMIN Ui _W PROM,/ £
e &/ 8 4
3 Ny,
L] syue) [an4
< puncubaneqy &°
ml

o
¥

“TSW 88'68 = 'A%

II_N "3 jo &0, &

Welysuag %%
&

VIOHO3D ‘HYNNVAVYS
V14 13144V AWHY H31NNH

166} HIFWID3A ‘HIAHNOV TVIOIHHNS
dVIN 30V44HNS JIHL3NOILNILOd

@ 40 NOILHOd MOTIVHS

9-1 3HNOI4




P0°02E0-1S5¢E

686+ "NNLVQA TWDILHEA 013000 TYNOLEYN JWALYG NOLLYATTE

(Gg861 ‘35T WOHH 3IJI00W dvW 3Sva)

S8UM POOAR

;
12U} ajels g o

o Wug

i

1334 NI Y08 XOHddV
| mw
00t s 0

NCLLOTHIC MO HA1 YM-GNNORSD -

(1si-L1d) TEATTANY m:oEoU OMIIWOINILDd =00 1 e—
OSW-L) NOUVAS S mo&m:m QHLINOLLNGLO ™
ANV HISANN ‘NOLLYDOT TIM HOLNGW | _ss_x
aNaoI1

s6|0g ub)s

SN oo

TSN 89'SE = AT
11BN "M o do L,
Wewyoueg

)

\l\l\}.\l

VIDHO3IO 'HYNNVYAVYS
V.14 131441V AWHY 43 LNNH

1661 HIGWID3IA ‘HIJINOV TVIDIHHENS

HoUq 30 Wi _

59U poop,

40 NOILHOd d330d ‘dVIN 30V4HNS JIHLINOILNILOd

L7} 34NOI4

1-14




clLio| dJ-Z1i°0CE0-LSSE

Qe661 ‘353 -8dnog

s> logts>  {ogts»  |outes |09 fogts  oy's>  [00°9>  |ovts>  looce> [0mTS>  |00°OE> |09 AUa-34/90
¥3HL3 - JANIATAHLIIONOIHI-2
00°20> Jo0"92> |oo*1e> |[o0o'oe> looge» |oooe> |o0-0eg> |00° s8> [o0°1e> |co've> looi1e>  oo-oses |ooces» A¥Q-IN/IN
INITNIBOYOTHINA-% "}
00°Ze> |00°y2> |o0*1e> |00"0@> |O00'®2> |00°08> l0O°OE> (00°EQ> l00T\@> |O0"v@> |COTIE> |00°0SE> [DO°SL> A¥Q-9X/90
INIZNIFON0THILA-E )
08’5 05°S> oe'e  JoLte 09" s> 0L 0y % 00" 9> 08" 5> 00°9> 0us> p0rof> [09°S> AYQ-9%750
3NYJOYJOY0THIIA-2 L
09's> |oges> joecs> |ozts»  09°S>  [ols»  |ov"S>  |00'9> |og"s» {oo"e> |0@°S>  |00°0%> |09°S> 93/9n
) (WVi01)3K3IH13080IHD1Q-2 L
L b8 14 oL s 1 1 0L s> 09°%> 02°5» 0y°s> 100°9> 09" 5> 009> 08’ 5> 00°08> |09°%> AHQ-9%/790
INVHLI0N0IHIIG-2 1
00°28> (00°%Z> J00°19> [00°08> |00°8l> |00°OS> [GOO@E> |00TEG> ]GO°LG> |00°Y@> [|00°18> [00°0S8> |00°QL> AY¥O-93/901
INIZNIBOHOIMIIA-Z2°L
oR“S> 1] 9+ 089S 0L s> 095> 0L s> 0y s> 00°9> 085> 00°9> ] 3 00°08> (095> A¥Q-93/90
INITAHLIONOTKI1G-L "L
w5 |ogs» joss» |orrs>  |09°s>  jag's>  |ov's>  |oo'9» |ogts»  [00"9>  |o@S> 00°0£> [09°5> 140-92/90
NVHLIDHOTHIIA-L L
0g°s> [og*s> oS> |oz"s»  {09°S»  |O&°S>  JO¥'S>  |00°9>  [08°S>  |ooTy>  jOR°S>  |00°0%> 0975 ABG-93/90
: ANVHLT, THDIBL-2°L L
og'e> log's> |eas» jorts>  lo9ts>  loLts»  {oy"S>  |o0'9>  [ests>  |o0"9> JoR°S>  |60T0E> |09°%> AHA-9X/50
ANVHLI -04OHIVHLIL-Z2°2°1°)
ou's> |ogts»  Joutss  Jortg  |09°$>  lozts>  |oyts>  |ooty>  jogts»  |o0"9>  [09°S>  [00°0f> . [09°S> ABQ-91/90
INVHLI, IHIIHE-1T1 L
i
Oy:£i | SERE ) 00%01 | sS40 | 0E380 | S¥RO | O%iR0 0g: L SLeid 0g:01 Skiol
26790750| 26790750 | 28/90/50| 28790750 | 26790750 26/90/50 | 26/90/50| 26750750 ] 26/50/£0 | 26/50/50| 26/£0/€0 ] 26/C0/50[ 28/50/50 %
3
13 9-9°8] 14 4-0] £°9-S°S|0d 9-S°%| “1d b-0| §79-S°E] M4 1-0| 14 ¥-£| 13 {-0] "4 9-%{ *L13 1-0] "13 v-£| ‘14 1D Py %) <
2
o\ e
ob-sh | ot-swi wi-sui{ si-su| 21-sw| st-su| ot-sa dna-sH 9-SH | £-SH 2-sH L-SH % A ¢
$-8sd y-854 £-654 4naz-8sd 2-65d L-8Sd
SLINR
T10s S¥3iIHVHVd

eifi1005) ‘pieyiy Ay J83UnH
V3IHY ONINIVHL 3HI1d
ONINdWVS LNIWIA3S GNY TI0S 40 S11NS3d

l-i 378vL

1-15



clivg

dJ-¢1°02E0-155¢E

qge6l '3S3 :8dnog

[ +2 0K s> - LS 09° 5> oL"s» 0y S 009 08 s> 00°9> (1} g 43 00" 05> Jo9°S» AYQ-92/90
3NVYH1IN0B0THI 1 GOHDYEE
00°0Zs> |00°0LL> [DO"021> [00°OLL> [0D°aLl> |00"OLL> |oo*00z2 |o0*0Z1> Y00°0QSL 00°0ZL> |00°05L ]00°002L>|00°052 ANQ-21/90
ANFHLNYHONTI(XI0ZNIA
00°061> |00°0L4> |00°0SL> [00°ORL> |00°08L> |00°0RL> [00°0.8> |00 04l 06°0%L> |00°04L> |00°0RL> |00"006L> |00 ORL> AY0-92/90
INTIANAAC [HDIOINIE
00°0Zi> [00°0L1> {09°0Z1> 00°OLL> j00°09Z [0a"0LL> |00°0049 |00 021> [00c09t {00-0zt> |oo oze |00 0021>[00*09s AYG-22/50
3HIHINVIONTA{B)OZN3A
00°091> |00°0SL> 100"094> 100°09L> [00°08L° |00"09l> |007GO@Y [00'0sL> [00'0RL ({00°021> 100022 |00-00s1>fo0 02¢ ABQ-9X/90
INIIAL(V)IOZNIB
00°0Z\> {00°0LL> |00"023> |o0toLi> |o0o*o9L |eo-oii> |00°00%s |00°0zL> 00°0%L ]00T0ZL> [0OTDLL 00°002L>|0070LE A¥0-924/9n
ANIIVYHIRYIVIOZNIE
0" 055 09°S> oLrs 09°s> 0L's>» 07" % 00" 9 s 00" 9 09°5> 00°0%> (096> A4Q-91/90
INIZN3E
oL ol o9l ortli al‘yl 094 06°K1L 0L gt 09°'¢2  |oL°sl 0y°sz  |os*u 0821 09" it A¥Q -9X/9W
03$ "Wi¥ve
2570 90 65°0 50 ££°0 "o 150 1£°1 2L " 82°L £9°0 z0°1 AdQ-9a/94
G35 D INISHY
00°Z8> |00°¥2>» 00°18* [00°08> |00°92> |00"OR> {00'029 [00°§@> (00°ie> joo‘ve> |oo-ie> |oo"oser [00'@s» A¥a-93/9n
ANTIVUHLINY
00°Z8> 100°%Z>» [00°0fL> |00°OLL> |00°0Z1> |00°0Zb> [0O‘OL®> |00 B> Go*Le> |00°081> [00°0ZL> [00°008L>]00"0LL> AdQ-9x/9n
INITAHLHI¥NIDY
00°Z@> [00°%L> |00°1G> |00"08> |0O0°@s> Soov 007 08> [007ES> |0O°L@> [00°Ye> |o0"L®> |00°0Se> |0O"@s> A40-92/90
INIHIHAYNIDY
[+ L1} L3134 00:01 SE:60 0£:60 SR 0%:80 0E:LL SEELL 0E:01 S1+01
287907501 26790/50 | 26/90/50 | 26790750 28/90/50| 26/770/50| 26/90/50] 287507501 26750750 26750/80126/7€0/50|26/£0/50|26/£0/50 .
. &/.
13 9-§7€) "M b-0| €°9-8°G113 ¥-S"€{ “1d 10| §°¥-§°€{ 14 L-0f ‘2 v-g| *14 1-0| “13 2-¢| *14 10| "13 £l “1d 1-0 ¢ N
v,
S1-SH - TR ) L-SN £i-SH ZL-SK bL-SH 0L-SH dna-sK Y-SH £-SH 2-SH (] @
$-0%4 %-854 £-BSd dnaz-esd 2-88d }-8sd
SLINN
1ios SYILINVYEYY

2161009 ‘peyIny Awly Jeluny
VIV ONINIVHL 3HI4
ONIdWYS LNIJWIQIS ANY TI0S 40 SLINS3Y

—

L-i 3N8avl

1-16




clLiog

dJ-C1 0ZEC-LSSE

ace6l ‘383 8Nn0g

0g°¢> |oE'> MRS [0r"s>  |09's>  |ote  fove>  |oate>  |oRts>  [0079>  |ogtS>  [p0toE> |09 A3Q-ox/on
INIJ08d <0¥0HITA-£ L-51D
00°021> {00‘oit> |oo*oz1> [oo*oL1> |00-02L |oo‘oLt> |0o-coss [00-02i> [ooccfL |oo°ozt> [o0700z }oooozi>|0009S AQ-92/90
ANIAS AYHD
L 4 e we "'z 0°¢ Nz $s°¢ £0°9 "9 155 ms iz i9°g AuQ-93/9%
635 ' WN [ HORKD
00°21> {00°il> {00°2l> {00Li> |0O°Lk> [0O°§1> |0O"ii> leotZl> j00T21> |00°ZL> [00°2L> 00°09> l00Til> A¥G-92/90
ANYHLINWOUOTHD
oe  jofs> log'e  Jor's>  |09s>  lad*s>  |o»tS>  jo0"y>  joe*s»  joo'e» log*s>  |oo*osr |o9ts A¥Q-93/90
' WHO40H0THD
00‘Ze> |007Lk> |00°ZI> J00°LL> |o0°il> [ooLl> [00*iv> 00°2L> j0o0°2i> [oo*2L> loo*Zi>  [00t09>  |00"LL> ABG-9X/90
INVH 130¥0THD
09°'s» Jogts>  |oetS>  Jorts>  |09°S»  joite>  [0%°S»  {60°9>  {09°S>  [00"9>  [0@°S>  |00TOf> 0975 ANG-92/90
. INIZNIAOYQTHI
@S> jof"s» j09"s>  joLTs>  [09°s>  |oe's»  |ovcS»  |ooce>  joets>  foot9>  |ORTS>  {00°0€> {09°S> A80-9%/90
301 401KIVEL3IL NOBEYD
o8"S» |OE"S»  |o8*S>  [04°§>  [09°S> jo2°S» JovS>  |00"9>  |0@°S>  [00°9> |0g'S> |0DTO0R> |09°S> A¥a-9%/90
2014510 KOBYYD
%S0 |OST0> [0 |¥SD> 1S°0> (%570 1570 |9570>  |5T0> 15570 95t0> 1570 250> AYG-93/9H
G35 WA IHGYD
00'24> [00°LI> J00°21> (00*Ll> |0OTML> |00'LL> [00"ti> q00°2i> loo*21> |o0°2L> j00°2L> [00°09> |00"LL> A¥A-92790
. ANYH L IROWOEE
ogs>  |oEs>  |oes>  |alts>  [09°s>  |ozts>  [oyts>  [o079>  Joss>  joo"9> |ogs>  |000f> {0975 A430-92/90
WEGA0WONUS
oYLl | SE:EL | oo0oL | $§t80 | 0860 | syim0 | Ovimo 0£:1L sL:LL | ofsol Si:ol
26/%0/50|26/70/50 | 28/90/50| 26790750 | 26/90/50 | 26/%0/50| 26/ 90/50 | 26/£0/50 ] 28/£0/50| 26750750 | 26750750 ] 28/50/50 | 26/750/50
13 ¥-§7€] “4d -0} $79-9°S|4d ¥-S°£] 14 )-0] S°9-S7E| "4 L-0| 24 v-g| “14 1-0] 14 9-g| “4d L-Of “id ¥-€] “id 4-0
SL-SH | BL-SH | 9L-SH | £3-SH | 2Zi-SH Li-SK | OL-SH 4na-SH ¥-SH £-SH Z-SH L-SH
c-184 y-83d £-854 dN0Z-8sd 2-8sd 1 -85d
SkING
1108 SYILIWVHVY

DNINdINYS LNJWIQ3s ANV 110S 40 S11NS3Y

eibio8r) ‘pleyNy Away Jejuny
YIUVY ONINIVYL 34Id

-1 31avi

—

1-17




tLioy

dJ-¢i"0¢e0-155¢E

GEG6L ‘3S3 ednog

08 s> oL s 0 s 0L s> 09°$> (1T < 0y 9> 00" 9> 12 g8+ 4 1113828 05> 00°0L> [09° %> AMQ-9%/9N
301307HD INTTAHLIH
0o°2L> |o0*LL> |00°2i> [00°LL> [o0*ki> |OO°YL> (00Til>» |00°S2 00"2ZL> |o0°£L 002> |00°09> 00" LL> A¥Q-92/90
INGLIA TAHLI VAKLIW
ok*o» Jeoo> foro» |&0t0>  js0c0>  loico> |40%0>  jOLTO» ot-o>» |orco> |oico>» |oLto> 600> AYO-9X/9M
43S’ ABNJE3H
[S-9F L VA FT AP LT+ A L 1 |+ S 1 5L 0954 28°8 0g° 41 29> |oeTe2 ANQ-9M/9H
a3is’avial
00°04k> [00°02)> [00°08L> |00"08L> |00"0GL> [00"08L> |00708> |00°04L> |00°09L> [00°05L> |00°08L> |00°0056L>|00°08L> ABG-53/90
. INdad  {0I-£°2°1YoN3aN]
00°Z8» |00°%> |00°L@>» |00"09» |[co'@i» |0O°OR> |oO'ORE> |00°S9> [00°IS> {00°99> |00°1S> [00°0S@> |0O'BZ> A¥0-91/9N
3N3¥0NT4
00°28» |oo"4L [0GTH9> |0O°OR> (007024 [0OTOS> [00°0QL® [0O*EW> |00°091 |00°%8> |ODT0ZL |00°0SB> (007049 AMQ-92/90
i INIHENVEON TS
095> |og°"S |05°8 02°%>  |09°%> lofs»  jov's>  |og9» oS> |o09>  joets>  |oot9t  |o9°s> A¥Q-52/90
INITNIATAHLI
03°gi> |o0"ol> |oo"oL> |o0°0L> [00°OL> |o0°Ot> |o0"0i> f[oo"or> lootou> |ogTol> |00"0i> lo0"09> |oDCI> AHQ-9/9N
¥3HEI WHLILO
00°ZL> JO0°LL> {00°ZL> {O0"LL> |00"LL> [0074l> [00°LE> |0OTZI> [00°2L» |00°ZL> {00°Zi> [00T09> |00°LI> A¥Q-94/9N
. 401’ INIZNIBOBOTHII
oe's> |ogts>» o s» |oz°s>  jo9ts»  joz"S»  foy"S>  [00°9>  |08°S>  [00°9>  |0B°S> 00°0g> [09°S» AHQ-92/90
INYHLIWOBOTHIORONA 1]
00°DoL> [00°0Z1> |00°04L> |00°0BL> |00°0Ri> |00°09i> |00°0Z0> [00°0&L> |0o"0RL> |00 041> |00°0Ri> |00°004L> 00" 01> ANG-02/90
INIIVEHLNYCH ¥INIBIQ
O¥igL SEiEl | 00i01 SE:80 | 0£:80 | Svi00 | 0%:R0 O£kl SLAEL 0g:0lL siiol
28790/80|26/90/50{ 26790750 26/70/50] 26/90/50| 28/90/50[ 26/ 90/50| 26/50/€0 | 26/50/50 ] 26/50/€0 | 26750750 | 26/50/50 | 26750750 N
13 v-57€] "La 1-0| §*9-$'s|1d -5 14 1-0] ' v-67€| 43 v-0 "14 9-€| 14 i-0] 04 v-g] 19 1-0| 14 45| a4 1-0 2\, @ <4
v, C/
6L-5H | ®i-Sw] o-sH | €1-5w | 21-SH | 11-SH | oi-SH dNG-5H %-SH £-SH 2-5H L-SH
S-15d ¥-854 £-854 JdNaZ-25d 2-854 L-85d
S1INN
1108 SH313WYHVYd

2161005 ‘peyuy Awly 163uny
Y3dVY DNINIVHL 3dI3
ONINdWYS LINIWIQ3S ANV 110S 40 S11NS3Y

-1 3dvl

—

1-18




cLios dJ-Z1'0Z£0-15SE

4E661L ‘383 :@dunog

0% jog'se  |0s°9 oc'or |og*2 0e°s 00°0t |00"0L {o0°3L  {0O"2L 00721 jonog> Joo*¥l A¥QA-9%/90
INVKLIROBONTI0B0THI 1YL
0R's |oge  |outs> jorts»  [09°S  |OLTs>  [0v'S>  |oote>  |o09tS> 05°9> oe"S»  [00°0f> |09°S> A¥Q-92/30
INIHLIOUOWHILNL
0e s 0L°s> 09" s> oL s 095> 0L°s> 0y's» 609> 085> 00°9> 09" %> 00°08> |09 5> A¥@-IA/B0
3NId08d  -OBOININQ-E£°L-SHvaL
e o'  |ow's>  {aLts 09°¢> JOo2"S» q0y°s>  |00°9>  |og"s>  |oo"9> J08°S>  |00°0£> 0975 ANG-92/90
. ININOL
oa*s» logte>  |oets  joitS  [ovts>  |ozts> oS  jooter 0w 009> 08's> |06 0g> |09 s AHQ-D3/9N
. ANIHLI0UDIKIVELIL
2870 Lo w0 970> LL°o> 8°0> LL°0> "0 18°0> £870> 1870> 98 0> f$L°0> A¥G-9/9R
935" ¥3ANIS
820> [92°0> |92°0> (920> |22'0> |@2*0>» |9270» [4270> |@2°0> {&2°0> |@ZT0> (62°0> |iZ2°0> ANA-93/ 9K
. 035 "HNINIIS
00°29> |00°yl» JOO°L%> [00°0¢> |o0'0yL {00°O0R> |00T0025 [OG°£9> [00°OEL 00" %8> {00704L {00°0S4> [06°08S AYQ-9%/9Nn
INIHAD
00°29> |00°¥4> {00°LE> [00°08> |0OTE:> |00°09> [00°0.9 [00°E8> |00°L@> ]00°%8> |00°ie> |00°0S%> 0004y Ada-24/90
INIUHINYNTH
00°28> j00°¥l» |00°18> {00°09> |[00°9L> [00°OR> |00°08f> {00'f@> l00°i1e> |00°%B> [00°19> |00°00SE |00°8BL> A4Q-9x/90
NI IVHEHAYN
o'y Joo"9 095 05°24 00"0L  j06°2L  |oz°z o9l Jos'si 0£" 9L 05°81 0g£°21L 07" 0L ITWE
) JUNISTOW
00°Z1> |00°LL> JO0°2L> JOOTLi> |00*Li> [o0TLl> [00°Ll> {o0"21* [oD*2L> |oO*2L> |00*Zi> |00"0%> |0D°LL> ANG-9A/90
IHOLIXTALNGOS [ VAHLIW
OY:EL | SESEL | O00D:0L | SE%60 | 080 { S$Y80 | 0590 £l SLiiL 05£:0L Sk:0L
26/%0/50)25/50/40| 26/70/50|28/70/750| 26/90/50] 26/90/50 | 26/50/5£0)26/50/50126/50/50|26/50/50] 26/50/50| 28/50/50126/50/50
-.6.
12 ¥-$°5] L4 -0 §°9-S7S|id ¥-$°€| 14 L-0f §°9-S°E| M4 L-0] “id ¥-£] "04 i-0| “kd 2-€| 23 1-0| k4 v-£] 13 -0 N\ o 5
(*/ o,
6L-SH | BI-SH | wi-5M | S1-50 | Z1-SH Lb-SH | oO1-5M ana-si 9-SH £-5H 2-SH L-SH ome G
N
S-05d y-854 £-usd dnaz-asd Z-95d i-85d AN @w.
NG silnn
1108 ) ¥ S¥31INVEYd

eibi0en) ‘paytYy Auny JO1UnH
YaHVY DNINIVYL 34
ONINJNVYS LNIWIA3S GNV TH0S 40 S1LINS3Y

-1 318vl

e

1-19



Ziiog

dJ-¢1'02€0-16S¢E

GE661 ‘353 :sdunog

08" s 0£"5> 00°09% 00" %2 09" 5> 02°%> 07" 00°9> 08°s> 00°9> 085> 007002 [09°5> A4a-9%/90
V101" 3N3T1AX
00°2i>» |00°el> Joo°2L> Joocti» |oociL> 003> ool jooc2l> |o0o'2i> |00°21> 00°2i> |00"09> |0O"LL> AHO-IX/901
FATUOTHD TANIA
oyigi (3131 00:01 K360 0£:60 SYig0 07:80 0£itL1L SLakL 0£:01L gi:ol
26/%0/¢£0| 26790750] 26790750 ] 26790/50 28/70/50)26/90/50| 26/ 0/50] 24750750 26/50/£0126/50/50]24/50/5026/50/50 | 26/50/50 %
43 -$°E| “1d 1-0] §°9-8°5[1d ¥-5 €} 14 L-D| §°9-S"E| *12 L-0] “14 9-g| "13 b-G| “i4 ¥-£| *14 -0} 14 9-£| 14 1-0 P ¢ .\.«
) /N
65-SH 1-584 ¥1-54 £4-5H 2i-SH Le-SH 0L-5H dNG-SH *-5H £-SH &-5H L-SH
S-854 y-85d £-a54 dnaz-esd Z2-854 1-854
SLINN
Ilos SHILINVEVY

aifioen ‘pleyny Auuy Jeuny
ViHY ONINIVHL 3414
ONINdWYS LNIWIAIS ANV 110S 40 S1INS3Y

i-1 318vl

T




clivd

dJ-¢1°0ZE0-15S¢E

qE66L ‘3S3 1894N0S

oo laz'es  |oate>  joste»  lowte»  foz's>  |0s°s>  osts>  |oocwe» |00T6Z> |0R7S> Auq-93/9n
WIHLI  =-TANLATAHL3QHOTHI-Z
00-94> |00"vs> |oo0°094> |o0°0L6> |00-06s> loo°09> |00°LL> l00°9L> ]00°005E>|00°38> 0Q°ZR> A¥0-90/90
INIZNIROBOTIHIIG-¥" L
00°9¢> |oo°vs> |0070%6> |o0'oLs> |00t0sL> |00"08> [00°i> |00T9z> |0GTO06S>|00° D> 007 29> :E-B_\m:
INIINIBOUQIHIIC-E"L
o oLty 069> |0s'9»  [08°9>  JO4°S> [0S°S> 0SS {00782 po s> |o@°s> A¥a-92/90
INVIOYLSONOTINDIA-2 L
oare>  lozter lostor  |oste»  fomrer Jourrsr  l0§°S [0S |ootwE> |00C6Z> |0R°S> oa/9n
CIV10133N3HLI080THI10-2"L
ogy forss> |oate>  |ost9» oty |oLS>  |os*Ss»  |0s°S~  [o0"eZ» |00°62> (087> ABQ-92/90
INVHAZ0HOTHI Q-2 L
00°94> [00°¥4> |oo*09s> |00°OLe> |0D"0s1> |o0'08> (00"l |00°94» (007006%>|00746> |0D7Z8> AYO-9X/90
3INIZKIAB0EOIHIIG-2 L
o> foz'9» loae» Joste» |owrer  |osts»  losts»  Josts»  |oo"eZz> |00"62>  |ORTS> ANG-9%/9N
INIVAHLIONOHILG- L'
09> o2  |0s*>  |0s°9>  |oR'Y>  |O27S>  [05°S>  j0STS> 00°92> [00°62> [09°%> AB0-94/90
INVHLIONOTHIIG-L L
og*e> (o> |oe  loste»  |oger  {o2°s>  |osTs>  [0S°S>  (00°92> (0076Z> (067> A¥Q-93/90
INVHLI, MINEL-2'L°L
oa'e> loryr |ose» joste  lower  |orts>  losts>  |osts» ootz (00762> (097G AD-93790
INVHLIT -0U0THIVELIL-2°2°L°L
og'y> (o' |osa*»  |oste»  Jogrer  |ozss>  |0S°S»  [0§°S>  100°92> |0076Z> |0RTS> AYO-9X/90
EULTTE PRIV S
00351 | . 51351 stigt | o00s9L | Suitl | o00%ub | SSEGL | s2:yt | Oiive | SOy
26/0/50| 28/v0/750)26/50/50 ) 26750750} 26/50/€0 | 26790750 | 25/ 90/€0| 26/90/50| 26/€0/£0 | 26/£0/£0 | 26/50/£0 N
14 2-9| -1 9-g| "14 10| $°9-572} "14 »-g| “24 10 .\«
ooV
v-0SM | £-0SH | ana-asu| zZ-asm | L-GSH | 24-SH ] 9L-SH | SL-SH | &-SH 9-sH 2-5H e@o 4
G\
y-554 | £-554 |anaz-sse| 2-s54 | 1-sSd 2-854 9-854 MO
ONENT SLIND
® ®
1N3MI03S 1os 0> & S¥3L3MvHEYd

2161005 ‘ployiy Auuy Jejuny

VIV DONINIVHL 3did4
ONIMdWVYS LNIWIG3S ANV TI0S 40 S11NsS3d

L-1 318Vl

T

121




tiiog

dJ-Z1'02E0-195¢E

acg6l ‘383 :8anog
o> oz |os»  loste>  |owrer  |ozs  |oster  [osts>  |cocsz> ooz |owse ABA-99/90
INVH13HONGTHI 1 00HOUE
o0'06% |00 omz |o0‘oozz |00*000zi|co0ss [0o*or1> joo-0ze |oot01i> |00 009500 0vz |0o-0z1> A43-D3/9N
ANSHLNVEON T4 (AIOZNEE
00°022> J00°0L2> |00°0022>100°00LS |OO°O0Yy> 100°0QL> |00TO0RL> |00°0LL> 1D0°0004>|00°0RL> [HO°06L> ABQ-93/90
ELERIVEEIQLRIIY4 Fi:]
0005y |00°051> j00r0022 |0o0"ooosi|ootoss |ooroi> |oococoz |ooorz |oo-oovss[cotosw ootz A¥Q-DA/90
INFHLNVION14(8)02ZN38
00°00y |oo*0s1> |oo*o0iz [oo-coozi|oo-0se |oo-o9t> |00-oos1 jon-osi> |oo-00ss>|o0-0se |00-091> 130-9%/90
INIYAA(YWIODZNIE
00°015 |0o-o91 |o00'00%e |00 00051 ]00"092 loo'oLl> |ooto28 00021 |o0-oo9sr[ooroze  ootozs A¥G-03/90
ANFIVEHINY(VIDZNIB
o8'9> |o29> |os'9> Joste» |owrer  Jozrs»  los'ss  [osts»  [o0tss  loosz> [oe7g> AH0-9/90
. 3INIZNIE
00°zL 264 ss'6  fozce |oetss  lovtar [ovse  fovrzy  lovar foo'st org2 240 -DX/0W
a3s’wniyva
S0*1 i£o> 280 {ostor  lev0 3 S TR 1971 66 |gs70  Joso A30-02/9%
a35°JINISHY
00°0£1 |00°%6> l0o°o0ss (0070092 [00 012 |oo-08> Joo-o1z [00°9z> [o0-00scr]00-0vr [002e» ABA-83/90
INIIVEHLNY
00°96> [00°%> |00°096> [00°0L4> |00°06i> |00*0%> |oomiZ |oo*o9i> |vo‘oove>|ootoss |oocowi> AH¥G-9%/50
INT VAR EHAVRIDY
00°011 |[00°ye> [00°094> |00 018> |oo'osi> [o0v0e> 00722 |o0"9:>  |00-00ser|00°19> [00°2s> A40-92/90
AN3H [HdYNITV
ooist | siist SLTEL | 00%91 | SuEid | oossL | sSior | szivl [ okivL | soimi
26790150 26790750 28780/50| 26750750 26750750 26/ 90750 | 2610750 | 26/90/50 | 26750/50} 26/ 50/50{ 26/50/50 N
"1 2-9) "M y-f| "W 1-0[ €°9-57¢| " 4o "14 1-0] e.¢
v, _..9
211 ] €-0SH dNa-asH 2-G5H }~GSH ZL-SH 9L-5H SL-SH 6-SH 8-5H 4-5H
¥-584 £-554 |dnaZ-55d ¢-55d 1-55d 2-85d 9-85d
SLINO
1MANIA3S 1108 SHILIHVEVYY

e162005) ‘pleipy Aully Jojunp
VIHY ONINIVYHL 3HI14
ONNJINYS LNJWIA3S ANV 110S 40 S1INS3yY

1-1 398V

1-22




clLi06

dJ-T1°02€0-LSSE

qge6 L ‘3S3 :edunog

[ T [ 05" o [ T2 4 05" %> 05" s> 00°92> |oo"e2>» [0@"S» A¥0-9X/9N
INIOHd -0d0INI1A-£°1-512
00°049 |00°0SL [00°009Z |0DT000SL{00°056 |o00"OLL> |0D°0001 [00°OSL |00°0095>|00°0i2 |00-022 A¥G-5%/90
INISAUHD
»wt &L 98°z 572 b2 T oL'9 62°s 5" 4 092 FI A¥Q-92/9%
035 "W THOBHD
00°yi> |00°S1> [00°YL> |0O"EL> 00> {00"ii> |00°ki> J00°L1> [00°9%> |00°RS> [0G°ZL> AY¥Q-9X/90
INVHL3NOBOIHD
08 [ TR 05" a5 9> 0g*e>  [OL°S> 086 05" 5> 00°82> |00°6Z> j08°'S> A¥Q-92/90
WY0I0UOTHD
00°¥l> {00°Ki> |00°Yi> [00°SlL> |00°%i> |00"LiL> {00°LL> ]OOTMi> [00°95> |0O°®S> |00°2i> A¥E-2/90
. ANVHL 3080 THI
o oL-9> 05°9> 059> oy oS 05 %> 0s° s> oo"g2> |00"62> |09 s> A¥Q-0X/9n
ANIZNIAOU0HD
o'y oL 06°9> a5 9> 'y oL 05" 5> 05°§» 00°82> |00°82> (085> A4Q-9%/5N
301Y0THIVELIL NOBBYD
o099 oo 06" 05 9> ue  JoLts 055> 05°6> 00°g2> 002> 085> A¥G-D¥/9N
30147NS1Q NOBYYI
£9°0> 290> uo.ov, &5°0> 29°0> 25°0> 280> 150> £8°0> 670> 570> AdQ-90/9W
03s’ W1 IWaY)
00°¥L> |00°El> J0O0“yl> joogl> |00°9l> [0075L> [00°Ll> joO“ti» [00°9¢> |00°®S> [op'2l» ABG-9X/90
ANVH L3WONOXE
o9 0L 9> 04°9>  |0579> o9 05> |0sts 055> 00°82> |00°62> |0B°S> A¥a-92/90
HBOJ0HO¥E
00351 sLiSL SLig) 00391 [{R1Y 004l £S:01 52391 OL:yL $0:%1
26/90/50 28/90/50| 28/50/50| 26/50/50 | 26/50/50 Ca/90/€026/70/50 | 26/90/€0 | 26/ €0/£0) 26750750 | 26/50/50 X
‘L3 2-9] T4 ¥-£] “id 1-0] ST@-S72| C1d -g] ‘14 1-0 X
L)
-GS | £-asH | dna-asu] 2-asW 1-0SH L1-SH 9L-5H S4-SH &-SH 9-54 4-SH
=354 | £-354 |dNOZ-$5d] 2Z-334 1-554d 2-95d 9-854
SLINN
FLETIES 10s S4313NVHYd

ONINdWYS LNIWIAIS ANY T0S 40 S11NS3H

gibioer) ‘ppuny Auly Je)uny
Y3V DNINIVHL 3Hid

-1 31avl

1-23




¢clio01

dJ-21°0ZE0-1SSE

qe661 '3S3 -9nog

o'y |ol'e 049> a5 9 og*9> |oi"s> 05" 5> 119+ 00°92> |00*62> |[OR°S> A90-9%/90
IATH0TIHD FHATANLIW
00°y1> 100°E1> |O0°Yi> ]OO'fi> [00°%l> (0O LL> {0O°EL> |00°LL> jOO'94> [00°RS> |00°2L> ANG-9%/390
ANOLIN VAHL3Z TAKLIW
Moo Moo 210> L1 0> 176> 6070> 5070> 40°0> 40°0> oL 0> oL o> A¥Q-9XSOH
435" A¥NDY3IN
oy 195°9 08722 |00°9L 0y's2 |12 00°20L |08°€L 912> 1M ] 04752 AHQ-9%/9H
a3s’aval
00°022> [00°0L2> |00°00ES |007009L 160°0%Y [00°GRL> |00°08L> |00°OLL> [00°0004>10070AS |00° 068> AYG-90/90
anaaad  (Q2-€°2°1YoN3aNI
00708} 100°%5> |00°0956> [00°00ZL [00°06L> [00°0R> |00°ZLL> |0O°9L> |00°004L>|00°LG> [00°28> AHO-9%/90
ANINONT4
00°002L |00°D5L |00°000SL|00°000%L|00° 0022 [00°08> [00°086 [O0TORI (00°004%>|00°0ZE |00709% AHQ-9X/9N
INIHLNVHON TS
o0y oLy 06°9> 05" o9 02°5> 05°6> 05°6> 00°0%S (00759 03°5» A¥Q-90/90
INIZNIGAHLI
00°0t> [D0°OL> |00°0L> |O00"OL» [00°OL> {00°OL>» |00"OL> |oO0'oi> |00°09> |00"09> |0DTOL> AHQ-9%/90
¥3H13 1AHL3IQ
00°y> [00°€1> [00*%i> [o0°g£r> |00"¥i> |oo°ti> |oo-ui» [o0"11> Joor9s> |o0"@s» |o021> AdQ-93/0n
: IWL0L’ 3NIZNIABONOHD LG
(- 0L 049 05°9> 089> 0L 5> 0575 08°$> 00'gZ> (00*s2> log's» ANQ-92/90
' ARVH13HOPOTHIONONE T Q
00°0ZZ> 100°0LZ> |00°0022>]00°0012Z>|0070YY> |00°08L> [00°08L> |00°0LL>» [00°D00S> |00 0BL> |00°0&L> ABG-9X/90
INIIVERLNV(N VINIBIC
0051 113313 §1351 00:91 Siabi 00iL) £S04 §2:91 oLiyl 509
26/%0/€0) 26790750 | 26750760 | 26750750} 26/50/20)| 26790750} 26/%0/50|246/50/50 1 24/50/%0 [ 26/€0/50| 26/50/50 N
‘M 2-9| “td ¥-£] "1 1-0] §78-5"2| "14 ¥-5| "1 1-0 Y
N,
-054 | £-05K | ong-asH| Z-osM L-0SH [ 21-5H | 9L-SH | S1-SK 6-SH 9-SH L-SH
¥-$5d | £-584 |dna2-SSd] 2Z-5%4 L=554 2-854 9-85d
S1INN
inmMia3s I0s SYUILINYEVA

aibioen ‘peyy Aully Jojuny
V3V ONINIVYL 3Hld
ONINdIAVYS LNJWIA3S aNY 110S 40 S11N$3d

{-1L 31av

—




cLioll

dJ-21°0CE0-1SSE

Qge6l ‘AS3 8N0S

ol'g>  |osTe>  |0%2 06"9 00°2 056> |os*s>» |o0°8Z> |00TLE  |0D°%L A¥Q-93/90
INVHLIHOYONTI0B0WHI T ¥)
o' |loz'»  losto»  Jos'e>  Jomte> oS> {0S°S>  lOSTSH 00°92> [00762> |0R°S> A¥G-92/90
INIKLIOBOTHI TN
og'e> logto»  |oa'9»  los'er  |ouTe»  |OLTS> [OS7S*  |OSTE> 00N> (00°62> |09 o> AUQ-OX/90
INIIO¥d  -OUOTHDIG-E'1-SNVYL
gy |o2' |os°9>  jos'e>  |omte>  |O2"s>  |OS°S»  [OS°S> o0°g2> |00°62> [08°S» ANa-92/90
INANDL
og's> loz9> los~9» Jos'»  |0g9>  |oLtS>  ]0S°S>  |05°S» 00°9Z> |00°62> |0@7S» A¥a-92/90
INIHLIOUOTHIVELIL
88°0> |%°0> %0 6u'0> 5470 18°0> gL°0>  i9L70> 08" 0> 08°0> 180> ANO-9%/OH
Q35 83A11S
9o 2870 {EE70> 1£°0> [g£°0>  (8270> |92°0> |L270> 20> |82°0> [82°0> A¥Q-9%/9H
035 WAINIT3S
00°066 loo'ozz |co‘oois |oo-ooorzjoo‘ooyi [o0"0g> [00"0L@ |007OLL  |00°004£>|0070EC |00TOLL A¥G-92/90
ANIYAS
00°00¥L 10076 |00*00vz |00-0004k[00*010 |00-0@> |00°00L {00°92> [0O°00SE>00°04  100TOLL A40-9%/9n
INIUHLRYNING
00°9s> |00°vs> |00°096> |00°0L6> |00 054> [00°08> J00"Lz> |00°9L> [00°000L%;0G°00%L |0O°2W> AY¥Q-9%/90
ANTIVH LHGWH
002z (OS2 |oi-22  |o2TeT  j09t92 (0172 oe's g’ 00°11 02'sl 0s°%l i 1anx
3BNLS (oW
oo*yt> loocsi> Joocyi> |ootsi> {oocwi» |o0Tit> |0d*it> |o0"Li> [0079S> |0078S>  |0O7ZI> A40-9%/90
3801 3ATALNGOS [ VAHLIH
00:) | SsList siigh | oozer | seErk | ocosm §5:0L g2l oLiYgL <osyl
267v0750| 26790750 | 26750750 26750750 28750750 26790750 26790750 | 26/ 70/50 2670/ 50| 26/50/50 | 26/ £0/ 50 N
"14 2-9| 14 ¥-g| "i4 L-0] §°9-§"2] ‘14 ¥-£| "M L-D X
E
y-0sM | £-054 | dng-osK| Z-0SH L-0SH | 23-SH | 9L-SH GL-S5H | 6-SH 8-SH 2-SH
¥-554 | £-55d |dN02-S5d4| 2-554 1-55d Z-85d 9-85d
SLINN
FLET] £ 1108 SUILINVEVL

161000 ‘pRIUIY Awly Jeluny
V3dV DNINIVHL 34HId
DNINTdNYS LNIWIAIS ONY 1108 40 S11NS3H

-1 3n1avi

L




ciiogl

dJ-¢L°02E0-1G5¢E

AEB6L 383 BAINOS

(18 0oL 9 049> 05°9> 08°'9> 02°5> 05° %> 05" 5> 007066 [00°022 |09°S> AdQ-9%/90
: IVL0L 3NTAX
00°%1> [00°Kl> {00°yl> joo"fi> foeyi> [00°Li> [60T4l> oo'Ll> (00795 joo°BS> |o00-Zi> A¥0-93/9n
JAI¥OTHD TANIA
00:54 115441 15214} 00:91 St 00341 5501 52:71 oLyl S0:%1
26/70/50|26/¥0/50 [ 26/50/5D|26/50/50 | 25750/50 | 28/v0/c0| 26/90/50 ] 2620750 26/£0/50]26/50/50 | 26750750 Q)
‘14 2-9] “1i 9-¢| 13 L-0| §°9-5°2| "1 ¥-£) ‘14 -0 X
O
9-GSH | £-05H | Jna-asH| 2-osm L-GSH | Z1-SH | 9)-SH SL-SH &6-5H 9-5K Z2-SH ooo 4
AN
¥-554 £-55d [dNa2-5sd| 2-554 1-55d 1-85d 9-95d Ko\ ...«\o
ENGANY SLIND
NS
IN3MIO3S 1os /ao» S¥313nvavd

e1bioan) “pleyay Awly ssjuny
V3HY ONINIVHL 3414
ONINdINYS INJWIAIS ONY T10S 40 S11NS3d

-1 318Vl




6J0 1L

d)-Z1°0ZE0-1465¢

oun ous 09> 9L |9 ar'i» OuN »’i> 00°0202> | €5 L> 00 yob> |87 4> Fingts AdQ-93/90 IW10L *3NIKLIONOTIHIIC-Z7L
00°LY ou oun oW oMl 1] ] 3] ] oul DAN [[F13 oun (.11 ] (X0143}
/90 9Q-IKVHLIONOINIIA-Z" )
oun o oo'ss looes |00 00'8% NN 00°29 |00°@Y {0O°LY 00" S 0009 0079% A¥Q-93/90 40-INVH1I0B0THILA-2°L
80> 19° 0> (1] oun olN o 870> ouN oun DUN ouN ouN DN (x0143}
/90 INYHLIOWHI1a-2*L
oun uN o [ TR b3 oz'l» 001> DN 00" 1> 00°00%L>{00° |> 00°0£\L> (007 1> 260> ANQ-92/90 3NYHLI3080THIL0-27L
oz 021> |own oun oum DN Qz'I1>» |owN ouN [+7] [T ) ouN ouN (x0143}
1/9n 3NITLHLIOBOIHIIG-L L
- L] oun s> 05°L> 09 > o ouN ori» 00°0061> 10" L> 00" 091> |07 1> 0L > ANQ-3/90 INIHLIOBOMIN0-1°L
Wt $8°0> ouN O¥N DN oun |s9°0> DaN oun oK oUN UM OUN (x01d3)
/90 INYK13080THI G- L
oun DN 00 > 001> 0z > %0 LT ] 00" 1> 00°007L> |00 1> 00°0EL> |26°0> 06" 0> ANQ-93/90 INVRLIONOIHILA-L
80 190> 1] oun ONN DaN 80> DUN (] oM QNN OUN ouN {(x0td3)
7N INVHLEDININNL-27 LS
DAN DN 00°2> 02> 02'2> [l B DN 041> 00°0052>104" 1> 00°0%2> |09°i> 0L 4> ANG-DX/00 INVHLI,THIIEL-Z7L°L
05°1>  [0S*i>  |oun o ouN oun 05°L> |oun oun ouN oaN oun o (xo143)
/90 INVH1I O¥OWMIVELIL-ZT27L L
OuN Dus 04" L> 04" 1> 012> 0L L> oM log > 00°0092> |08 1> 00°0EZ> (027 L> 09°t> AS0-0X/790  ANVH1D OBOTHIVELIL-2°271"1
09" I> 9> oun oM N ouN o9 L> oaN buN oum oM ouN BN (x0143)
/90 INVHLI DAL=
DUN o 9> 09"y o8> 05" 1> 2] ] o9 i> 00°001L2>|09° 1> 00°002> |08 L> 0y'L> Aua-93/90 INYHLTLINDIBL-1°L°L
oun oun 08'6) T3] oz'yz  |os°tl o8 1] -] 09712 (T8 1 0z 91 07 2L 00°§ LT, 4 JUNLS [OWX
syoL 0530} 0£°80 08380 0Z:80 | 00350 00:21 14 241 SCrIL 560 SEIR0 £7:20 <0t SLINN
04/21720(04/20/20106/721720| 04721 /20| 06/21720| 08/21L /20| 0A/EL/20| 04/ EL/20|06/51 /20| 06/EL/20 06/51 /20| 0875172006721 /20 S,
¢
*13 01-9] *14 8-¢] 14 9-2| "13 €-9] “13 S-£["13 OL-B v o
- 2o 4
NIBISNIM; NIS4NL | INOL-05] £-08 Z-as \-as Ndul 9-8SH S-8SH 9-8SH £-835H Z-85M -asw |0 g 9, y
L] (o
AN3H103S 108 W2 Su3L3wvavs

eifioen ‘ployuly Auuyy 18juny

VIHVY DNINIVHL 3414

ONIIdNVS LNIWIGIS ANV 110S J0 S1INS3H 0661

¢-1 318vl

1-27




640¢ dJ)-¢1°0Z€0-155¢
Toun [ 1] 00°004y l00°0091>|00"0Li> [00°00LL loun 00°0SL> 100°09L> [0070S)> |00°0SL> |00°00E ]0O"DEL» AUQ-92/90 ELELILE LEw) )
00" E>» 00°§> oaN DN ouMN [T ] D0'g> DN DUN oM [T ] ouN oun {x0143)
. /90 INONVINIG-2-TANL13N- ¥
¥ ouN (548 22 oL e 195> 80°C> DuN P9 13 00" QLZY> [SL 5> 00700y [L0°5> 0> ANQ-92/90 ANONYINId-Z-TANL3H-Y
19 + 3 ol g ouN UM ouN oN (1] 43 Dan oM ouN ouN ouM ous (X0L1d3)
/90 INOMYAIH-2
¥k ok 06> 06°5> 0z 09 > DUN 1758+ 0070005> |02 £> 00 QLY |09°C> oL g A¥Q-292/00 INONYXIH-2
00°0LL |OWN ouN o¥N DN ouN oUn ouN DN DUN ouN DUN [T {(%X0143)
390 YONIRHOBONT4-2
o oun 00°0056 {00°0284 |0070000L|00°0L9G |OuN 00°00£01L | 00*00%04 |00~ 0090L [00° 00201 |00°01%8 |00 048 Ala-9%/90 WONIHAOBON T -2
o o 00°0LSY |00°09YY [00°054S [00°0£0Y |bun 0070Y9L |00°06%Y [00°0SZY |0Q°DLSY |00 0SQE ]00*0DOSE A¥G-9%/90 JANING1B0HON TS -2
[ ¥ oun ouN DN oun DN [T ouN DN oBN DYN oun 0¥N {x01d3)
/90 TANIMGIBBON1E -2
"eé "wée ouM ouN o ouN "4 11 ] ouN OUN LT ouN oM (X0143)
/90 INONYLNB-2
o o 02°M> [09°11> |oeZi> lostol> oun 02°11> |00°00LSL{OL"LL> |GO'OLYL> [OR'OL> [96°6> . AYG-92/90 INONYLING-2
007021 [oum DN DUN DN DN ouN bUN ouN ouN OuN DBN OlN (Xx0143)
Won JORIHIOROUBIBL-9° %2
DUN oun 00°0ESY {00°0.EL 0070282 |00°C0ZL |OUN 0070478 |00°05L6 (00°0%8 {00°0SL6 (0070292 |D0*OSLy A¥G-92/9% TONIHIONONE SHL-9° 92
180> |l6°0> DuN 1 DN UM 160> ouR DK OUN DUN DN oUN (X0143)
/90 INVIOUAOHOIHIIQ-2" |
oun ous oz 01> 05" L> oL O¥N oL 1> 00°00S1>10L"L> {00°0%L> [OL"i> 00°t> Au0-93/90 INVIORIOUOTHI1A-2" L
0L"L>» 0L° > [ ] DUN BN .11 0g" 1> LT O¥N DUM DYN ouN oun (Xx0idi}
/o0 IVI0L “3N3H1II0W0INIIA-2"}
£yl og:0L Of:60 | oOf:60 | 02:60 | 00360 | o00:21 14 IF3% L4 $£360 S£:90 $7:40 S0:41 Siinn

04/21/20{04/2L/20[06/21/20]06/28/20] 08728 /20{ 08721 /20| 08/51 720 0s/51/20| 06751 /20} 06751720 | 08/5L /20| 08750 720 0821 /20 S,

¢

"ld 01-8| 3 9-5| *14 9-2| "13 9-9| ‘14 ¢-£]"12 O4-0 “ %o

aCQ..v 4 -
ISHIN| Mmdus | dnog-0s| c-as Z-as 1-as | naedil 9-BSH $-95H 9-85H €-85H Z-8SH i -6sH

ANM103§ Jlos SH3l IMviva

eiBi1005) ‘pleyny Auly 1gluny
YIHY DNINIVHL 3HE
ONIMdINYS LNIWIQ3IS GNY TI0S 40 SL1NS3H 0661t

2-1 3Navi




6i0F

dJ-Z1°0Z€0-15G¢

ol oun 00°000.22{00° 00001 |00° 052> |00°0026 |DUN 00°0L2> |00°02Z> [00°00Z> |00°0LZ> [00T00YL [00°CEL> ANQ-20/90 INFUL4(¥IOZNID
g 1> (1] ] ouN oun ouN BaN ouN ouN ouN ouN DN UM (x0143)
/30 INAIVEHLNVIVIOINIG
oM oun 00°000££{00° 00092100 4L> | 00T0OC0K) | DEN 00°04> |00°SL> [00°@9> |00*QL> |00°004Y |0O°29> A80-93/90 INIIVUNLNY(VIOINIE
[ 1Ryt o> o ouN DN BN o> DN DN [}1] DAN DN or: {X0143)
/30 INIINE
oun oun 00" |00"S1 osTL> (1} £ ouN 0L 1> 007 0081> 05" 1> 0070LL> |0E™ 4> 02°1> AYG-9%/9n IKITN3E
oL’ i> 1] oun (11 DN ouN DN ouN 1T QYN OEN DN oM {X0143)
/90 IL0L ‘wilyva
o oun 007422 |O¥'Ll e 0861 ouN 0z*L} ay'st ”Yy 12°9 16°s $8°¢ ANG-DX/9% aas ' wlave
[V} 2 o N DUN DuN [ 1 T] ouN DUN ouN oM OuN OUN OUN N (x0143)
/90 WWL01°IINIS UV
o oun 15870 28°0> 90 £5°0> -1 ] LS 0> se°0 $9°0 %5°0> 25°0> 9y ANG-DA/9H 035 J1N3S2Y
oL oun oun ouN o ouN DN ouN ouN ouN b OUN oun (X0143)
_ oa INIIVEHLNY
oun oun 00°00L4 |00°0029 [00°14> (0070005 [OBN 00°se> |00°t4> [007E9> {D0°S@> |00°00L) |00°SL> A¥0-9a/90 INIDVHHINY
00°LL> |00"LL> (DWW oM DN (1] 00°ZL> [ouN oUM BN ouN BN oM (xQLd) |
/20 aNOL3DV
oun ouN 00*1T> [00°02% [00°OLL |[O00°OY OUN 00°02> |00°00022100°02» |00°0052>[00°6L> |00°RL> AYG-DX/30 3N0L3DY
oL  [owd o BN O ouN oUN buK oun OiN D¥N OuN oun (X0143}
’ /0N NI TAHLIHAYKIDY
2 ] ouN 00°000Z |00T00LE [00°OZL> [DO°OLS> |OuN 00°0L1> [00°021> |00°OLL> |OOTOLL> [00°00% (00794 A¥Q-9X/9N0 INTTAHLHAYNADY
(' v o OiN DN DN ouN 1] DN 1T DN DuN OuN DN {x01413}
/90 3NIALHAYNIDY
Y01 of:0L | 08380 0£:50 02:80 00360 00321 izl SEALL $£:80 SL:00 $9:20 0:21 /w.:.s
04/21/20|08/21720|06/21/20)06/21/20)04/21/20]06/21/20508/51/20|04/54/20 | 06/£1/20| 06751 /20{06/51/20 | 06/£1/20{06/21 /20 %,
1
“Ld 0L-9% 14 8-S "L4 9-2] 14 8-9| ")d S-£i1°14 OL-8 ono
Q._.Q.u )
neasnin]| edur | endg-0sf £-as Z-0s 1-03% »AduL 9-USH $-85H 9-0SH €-05H Z2-654 L-0SH
Anadla3s 1508 SH3L3NYHVd

aibioan ‘plegiy Awly Jejuny
V34V ONINIVHL 344
ONINdWYVYS LNIWIAIS ANV 110S 40 S1INS3Y 0661

-1 318vl

———

1-29




60

dJ-21°0¢t0-15G¢E

oan ouN ”o ”o 1y°0» 190> (5] o ES ol g 1Yo y' 0> 0y o> i8°0> ANG-5A/OM Q35 W INGYD
ozl az 1> buN DN DUN ouN 0" > Dun 1) DuN DUN ouN DuR (x0143)
o0 ANVH L INOHOYE
-+ 1] ouN [}l ] 0y i> 091> [} g L2 L] o> 00°006L>109° 1> o0Tall> |04 02" > ANQ-22/90 ANVH L INOMONE
052> [+ 1484 oun bDun ouN ouN 082> [-+1] DiN DuM [+1] ouN Y] (X0L1d3)
WVon WBG 40NOYE
DUN ouN 00> [ g 119 g 082> BuN 08" 2> 00°004E> |04~ 2> 00" 0L8> (087 2> 092> ANO-2X/20 W80 10W0BE
09°SY o o oun DUN DiN DN ouN ouN 0NN ouN (] OlN {(x0143)
V9N INITHIBOHONIOHONE
ouN oun 00°%59 00°49 |00°LY 00" O 00°05 00°%s 00°08 00°29 00" 9y 00°2s AYQ-30/D0 INITNIBOBONTIONOZE
%o 84°0> oNN OuN DiN OuN 850> (.11 ] DN DUN ouN [.T']] oun (x0143}
/90 INVH 1 INOBOTHI [ QOHOYE
oM - joun 0z L» 0z’ oL 1> oL 1> (T 0z 1> 00°009L>[0Z2"L> 00-0sL> lot*> Q0" > ANQ-2X/9N INYH L IWOBOIHI 1 00MOYE
o' oun o o DuN [T 1] oM D¥N buN buM D¥N oEN ouN (X0143)
W ININLNVHONTI(X)OTNIA
(- ] -2 ] 00°00042100°0002L {00 012> [00°00ZL [OUN 00°041> loG 002> |00°081> [00°0&L> 0070052 {00°OQLL> A¥0-92/90 INIHLNYEONII(AIOINIB
oL 2> oul N ouN oun o¥n ouN ouN DN DEN ouN [T ] oun [ LTEED]
/90 INITAGIAC LHOIOINIE
(1] oun 00°000L1 100°000CL{00° 56> |00°0029 |0uN 00°y@> |00°48> [00°i1S> |0O"Ye> 100°0022 |00°9i> ANQ-92/90 INITANILCIHD)IOZNIR
(o8 1 o¥N [} ] DN ol ouM D¥N N ouR (1] YN DYN DN {(x0143)
' /30 ININLNYBONTI(8)0ZNIE
OuN DN 00°000L2 | 00°000LZ|0070LL> 100700071 [OUN 00°0SL> |00°09i> |00°QSL> |00°0S)> (0070005 |00°0%i> A¥Q-92/790 NN INVYEONT(8)0INIA
a2 %> oun ouN DUN OiN [} 1] DN DUN DU¥N 3] ] O¥N ouN DUN (x0143)
/9N ININAG(VIOTIN3E
gyioL | ofz0l | ogse0 | orso | o2:s0 ] o00:60 | o0:2y | sv:zu | scien | osgren | sgsmo | svizo | socal S1IND
08721 /20| 064217201 08/21 /20| 08721 /2006721720 | 06721 /20| 08781 /20| 06751 720 06751 /20| 06/EL/20]06/51L /20| 04/EL /20| 06721720
“13 0b-@| "14 9-5| "14 ¥-2| “4d4 §-9| “4d S-£[°14 OL-89
XI8ISHIU| MIsduL | aN0E-0S) £-05 2-as 1-as WIBSNL | 9-0SH €-9USH ¥-85H £-85H 2-UsH L-BSK

131035 1105 S¥3LINVEVY

2161005 ‘pley sy Awly 10uny

V3dY ONINIVYL 3did

ONIMdNYS INIWIG3S ANV 110S 40 S11NS3H 0661

Z-1 J1avi

1-30




640§

dJ-Z1°'0CE0-1SSE

oan oun 00°00025100°0000Y|00°0Z1> [00°000ZZ|0uN 00°01t> |00*02ZL> |00°011> JO0TO0LL» |00°00LS [0O'L&> ANg-DA/50 INISLUHD
[0 b oIN oul ouN DUl DN N o ouN UM DN OUN ouN {X0Ld3)
1/9n IVLOL WO IHONHD
o ol 00°2< ey  |o2°2 2 4 NN [ a4 £6°) i8S 3 ar'g @o A¥Q-9A/9W Q35 "W EmoaHd
00°y2» |00y |OuN | [ouN (1] DUN 00°y2> |oun ouN oun ouN ouN oun {x01d3)
/a0 INVYR L INOB0THD
oun oun 000> |00°05> [0D°S5> |00°8Z> |DUN 00°62> 100°0006%|00°82> |00"00vE>|00°82> |00°92» AB0-93/30 INVHLINOBOIHD
oz > oz L> ouN ouN 1] -] 0Z° 1> O¥N .17 buN ] DN DuN (x0143)
/90 WE0JOB0IHI
oun oun s> os'l> |09 101> DuN oy L> 00°004L> {0Y 1> 06" 08L> |0£" 1> 0z'i> ANG-92/90 WBOI080HD
0l [t oumn oun ouN DuN (1) B DN DAN ouN bun DN DEN (Xx01d3)
/90 3NYKL3080THD
olN o 0z'2> oz 2 o2 00°2» OUN oL 2> 00°0092> |01 2> 00 092> (00" 2> o'\ ANQ-22%/30 INVHL30¥0THD
970 90 o (2 1] oun QN 90> (] ouN OUN oUN DN ouN (X0142)
/90 INIZNIBOBOIHI
ouN ouN o o> 050> 990> L0 oM Lo 00°000L>| 940> 00°L6> [92°0> 69°0» A¥G-92/90 3INIZNIBOBOTHD
16°0>» 670> oun ] ouN [ ] 26°0> DN oun oun OUN DN DN (x0143)
/90 30180THIVNLIL KOBYHY)
oun oNN ot oz i o> [ TR $ 3 oun oL 4> 00°0051> | 01" 1> 00°0%L> |OL-¢> 00°1> ABQ-92/790 30150THIVELIL NOGHYD
[ [ [} 4 o BN ous (1]} ouN [ ] 981 oUN ok oUN oun uN DN (X01d3)
' ’ /o0 30131N510 KOBEYD
[} 1] oun oL 0 > 00°€2 09> (] ] 02°£> 00°0005> (025> 00" 09> |09 6> 05 §> A¥0-9%/90 301270810 NOSY
08" s> o oun oun ok DN ouN oliN [>T [ FT N (3] bUN {X01d3)
Wan IVLOL WAL NGYD
S¥0L | O£:0L | O£:60 | OR360 | 02760 | o00:8a | o00:2L | Sys2L | sgsii | cgtan | cgimo ! swizo | ol S1INn
05/2L/20{04/21/20}06/21/20|04/21/20 | 08/21/20 [ 06/21./20| 06751 720 | 08751 /20| 04751 /20] 08758 20| 08751 720 | 08751720 | 08721 720 S,
¢
“14 OL-8| "43 §-S] "14 ¥-2[ "1d 9-9| M4 S-£|°4d 01-9 2
Q&Ohv .vQ
AWIASHLN| X18dYL | dNOE-0S] £-0S 2-0s 1-as | Medul 9-854 S-8SH -85H £-854 2-05H L-8SH

ANIMIQ2S 110s SN3L3WvEvd

8161005 ‘pieysly Auuyy 19JuUny
VIUY DONINIvHL 3Hid
DNINdWVYS LNIWIGIS ANV 110S 40 SL1NS3YH 0661

Z-1 318vlL

1-31




6409

dJ-T1°0ZE0-15GE

o oun 00°29% J00°SiT |WL°L 9L (2] ] 6" '} ¥ 3 19°% £6°% wuwe 97 ANG-92/94 035 qvn
oLt oun oun oun QN oun DuUN oaN DUN DUN N ouN DuN (x0143)
on ININAA(EI-E° 27 1 )oMION]
oun oyl 00°000%2{ 0000054 |00°02Z1> {00°004L |OuUN 00°0LL> |00"02L> [00°OLL> |00°OLL> |00°00&L |00° 58> ANG-52/90 InIsadiad-£ " 1)onaant
oL’y |oum oun oun oun ouN ouN vuN oun ouN oan oun oun (x0L4
/90 INFBONLA
oun ouN 00*00fR [00'00SZ [DO°0YL> |00°DOSL |ouN 00*02L> |oo-ogi> [00°0Z1> |00°0ZL> |0D*0ZL |OD°OIL> ANG-92/90 INIBONTS
(140 ] ouN ol ouN oUN ouN oM ouN oun oUN oUN ouM YN {x0143)
/50 INIHINYEONTS
ouN oul 00" 0002900700051 00° 051> | 0000095 | DUN 00°0%L> {00709€ |0D°Of£t> }00°0%L |00°000KL{00°OLA> A¥Q-92/90 INTIHLNVEONTY
o0° > 00" 4> ous [+ ] b ouN 00 4> DuN ouN YN DuN DUN [ ] {x0143)
V/9an IHIZHIAIAHLS
o¥N "o 1l b 0z 1> oy i oL > oun 0z t> 00°0000L |02 1> 00°00S4 |OL"L> oL" 1> ABG-92/90 INIINIGVAHLI
[ [ ad £] oun [ ] oMM (3] 0g" 1> [T ] ouN OHN DN OuN 0uN (X01d3)
Vo0 INYHLIHOND THIONOUR I Q
DAN oul 09> 09 L> -t g 95 1> OuN 08 L> 00°00LZ> 05" 1> 00°002> (057 L> 1} Mt A30-92/9N INVYHLIWONOTHIONOYE 1 O
oun oun 00°000LL [00°00LR |00° 18> [00°002Y jOuN oo > |oo"il> 00702 |00T24> |0OTOOLL [00°E9> ANG-9%/0N IHIIVEHINVOKR YINIBICQ
ol ous ouN oun ouN ouN SUN (] ouM LT ouN oun o4N (X01d3)
/90 INIDHANVCA V), nIB1Q
gs"y>  |0s°)> |oun ouN oun oun 0sTi>  oam oun oUN ouN oun oun (x0143)
/90 INIJ0VAOVOMILA-E L =512
ouN oun 041> |0&°L> |01 2> (1 b ouN o> 00°00%2> 08" 1> 00°0£2> [09°1> G i ANG-9X/90 2K340840¥0HITQ-£"L-S13
o0~ oun oun ouN ouN DaN OUN BuN ouN DN DuN ouN DN (X01d3)
/90 INISAHHD
$Y:0L | of:0L | OE:60 | O0£360 | 02760 | 00360 | 00:2) | S92 | SE4d | SE3S60 | SKRTBO | S§%iL0 | SO:LL - SlIMn

08/ZL720| 0672V /20| 06724 /20| 06724 720]08/2L /20| 06721 /20| 06751 720|06/51 /20| 087E1L720| 06/51 7201 04751/20|04/51 /20| 08721 /20

"L OL-8) "k @-§| “1d ¥-2] 11 €-9| "14 S-£]"11 OL-8

NAASNIAU| F8e¥L | SNOE-QS| £-05 2-0% 1-a5 aedil 9-35M4 $-0sH ¥-85H £-8SH Z-85H4 L-85H
AN3HI03s 10s SUILIWVUVA

eib1005) ‘pieuLy Ay 1e}uny
YIHV ONINIYYL 3414
ONIMNdNIYS LNIWIQAS ANY 10S 40 S1INS3Y 0661

z-1L 318VL

1-32




6i0¢L

dJ-¢1°0¢t0-155¢

ouR oun 6y 0> [ %o 70> oun o 190 9y 0> Fa i Yo y'o> A¥Qa-90/9W Q35 "NNIN3T3S
002> ol oy ouN ouM N OuM BUN ] DN oM oMk oUN {x0143}
/9N ELEETE
[T oun 00° 000851007 0005Y]100°28> {00°000.2]DUN 00T18> |00°0%L (00°6L> [0D°0YL |00°0DLS |00Q°ZL AdQ-93/90 ELEETY]
004 DN ouN buN ouN 2] baN ouN ouN ouN DaN OUN. ouN (x01d3}
/90 {410~ 10N3Hd
olN [ 1] 00°08L8 [00°0S92 |00°0LS4 [00"ORAL |DUN 00700201 | 00" 00GLL [00°00001 |00 0OROL [00° 0994 {00°0Y96 ANQ-9a/00 (5)Q-10M3Nd
05" }> oan ouN Dan ouN OuN ouN DN ouN (3] (] ouN T ] (x01d3)
I INFUHINYAIHG
ouN oun 00°00029|00°000££100°28> 100°00002 | O¥N 00°9L> 007082 [00°94> |00°OSL |00°QAL8 |0O°L9> Ea.uu\g © INIUHLNVNIRG
00740 oun DUk ouN o Dl DUN D¥N DN DN .11 ouN ouN (x01d3)
/90 {$)Q-3INIAZNIBOALIN
oun - joun 00°0L0% 1007012 100°0i5Y |00°042E |oum 00°C90Y [00°0%LE |00TOELY [00°08LY {00°0L6% §O0°OL9F A¥Q-93/90 ($)Q-INIZNIBONLIN
069> oun ouN 0N ouN ouN DN oum oM oHN oM o4N () (X0143)
1790 NI IVHLEAYN
(] oun 00°065 |00°DS2Z> |o0°0z2> |00°0EZ> |ous 00°0%2> |00°000LL{00°082> [00°00LS |00°0%2> |00“012Z> ANG-92/90 INATIVKLHAYN
o9 o ouM DN DN DN 09°2 0NN ouN DuN ouN DUN BYN (x0143)
an J0IB0IHD FINITAHLIW
ouN oun 00> 002> 0021 002 DEN 0L'9 00°009Z>|05° L> 00"0v2> |09°i> oL ABQ-9X/90 IGINOTHI INITAHI3ZN
o> ouN o ouN ouN (1] ouN ouN cuN ouN DNN oUN NN (x0143)
/90 IVE04 " AN Y 3N
oaN o 2o L0 £vo 14°0> OuN 210> FA R Lo Lo timo> ol°0> ANG-5X/9W 035° A¥AJY3IN
00'$2> [oun BN oun (] [T ] ouN ouN OUN YN oM o8k oun {(x0143)
1/9n wioL aval
$Y:0L | Of:0L | OF£:60 | OR%60 | 0260 | 00580 | 00321 | sy:21 | s€iue | sgs60 | sgieo | syieo | sotsl S1imn

04/21 /20| 06/21/20|08/21/20]08/21720[06/21 /20| 08/21/20] 08/5L720] 08/€L /20 ] 0a/sh /20 | 06/€1L /20| 0a/EL /20| 08750 /20 | 08 /21 /20 %,

<4

“4d OV-B| ‘13 B-S]| 14 ¥-2| 44 9-9| "13 S-£[°1d OL-8 “ ok.e

Lo 4

FIBISHID| 24Nl | ANOE-0S| £-05 Z-es |-as by P TY 9-asM $-8SH »-85H £-9SH Z-95H -ase | > S0 ..c@

) ®
1NM103S 1108 \@va s SHILINVEVY

8161005 ‘ployiyy Awy 103uny
Y3IUVY ONINIVYL 3414
ODNITdNVYS LNIJWIG3AS ANV HOS 40 S1LINS3Y 0661

Z-L 31av.L

1-33




6408

dJ-21°0¢E0-165¢E

oul oun [ 18 b2 01> 0z L> [+ ) £ .17 ] 00° 1> 00°00%1>|00° 1> 00°0£1l> |00 L>» 2670> ANG-92/90 INIKLI0HOINDILNL
90 wo DU DN ouN ouN 90> 1] ouN ouN ouM oiN ouN (X01d3)
W30 INFSOU0B0INII Q-5 L -SHvaL
ouN DUN oL°L> oL [+ ol & g 657 0> Dul 00° > 00°00YL> |00 V> 00°0EL> |B46°0> 16°0> ANQ-934/90 INIOUJOBOTHING-£ " | -SNVHL
oun 0N 00"y 00°e9 (1 8V 00°£9 OuN 0019 00°5S 00°99 0oLy 00°99 00" 6% A¥Q-32/9n 84-3K3N01
0015 |owm o DN ouN ouN 17 ] OUN N DAN oM ouN DUN (x0Ld3)
Von <2)a-3IN30101
oL 0 0L™0» (] ouN oNN ouN QL o> ouN OuM OlN (11 ] DUN YN (x01d3)
/90 axanioL
DuR ouN 199°0 N0 0z % 18 0> ouN 08°§ 00°00L4> |28 0> 00°00L> [06°2 [+ B4 ANG-93790 INanioL
(34 1$°0> ouN (T cun oun 1570 oM (> T] ouN OUN DUN ouN (x0143)
an ININLIOBOTHIVELSL
[} ] ol £9°0> £9°0> 49°0> &0 o¥N 090> 00°0L8> |09°0> 00°9L» |85°0> 570> ANG-92/90 INIHLIOEOINIVYELIL
00°€L ouN oun DN 1] DN ouN ouN oun ouN OUN OUN 0N (x0id3)
/90 (Y10} -1AKINIHIL
(11} DN 00°0S8Y |00°0568Y [0070Y2Y 100°0LYS {OWN 00°092% |00°0S%S [00°00901{00°000Y [00°0%4S ]00°088S ANG-9A/9K (700 - TANINAYIL
9 i» o> oun DUN oun oun 091> DN D¥N oun ouN DUN ouN {X01d3}
on INIYALS
[-1 1) DuN 00°2> 002> oz 2> 98> DN 087 1> 007 0082> (06" 1> 00°0%2> (08" L> 0L 1> A¥G-92/0n INIYALS
0L s> 1] N OuN ouN DN ouN DN 1] ouN OUN OUN .11 {X01d43)
on IVI0L ¥IAS
oun ouN wo» 1o Lo 99°0> bUN 90> €270 99°0> 970> £9°0> 090> ANG-9/9W Q3s ¥3AIS
002> (own oun oun oun DN oM UM OUN oUuN OUN ouN ouN (X01d3)
/90 IVLIOL WNINGIAS
criol 0£:0) 05180 08180 0Z:860 00:40 0032t 1y A4} SLCLL SL40 SE:80 £y: L0 0Ll Slimn
06/21/20|08/21720|06/21/20]06/2L/20[08/21 /20| 04721 /20| 06/E1L /20| 08751 /20| 08751 720 | 08751 720] 06751 720 ) 06750 720 | 06721 720 %,
¢
“14 OL-9] "id @-5| "1 ¥-2| “1d 9-9) "14 S-€i°14 OL-9 v,

R-.8 QQ

AWIININ| AV8dEL | 4n0f-083 £-0QS 2-as 1-65 | MeduL $-8SH <-0SH ¥-aSH £-USH Z-usN L-8SH o 7s I

) ®
Lam103s 1108 \86% s S¥313nvhVa

eibioen) ‘playay Auay seluny

Y34V ONINIVHL 3HI4

DONMdWVS LNINIAIS ANV T10S 40 S1INSIY 0661

-1 318vl

1-34




6406

dJ-¢1'02E0-1SSE

a9 i 00° > o N ouN (2] DN 001> DYN NN OUN UM ouN oaN (x01d3)
o0 IVL0L SININAX
[-11] oui 0L L» ore 0y'L> 02°i>» DN (1> R 00°0002$(02" 1> 00°0S4> j0271> [1] 9 B A¥Q-92/50 G35 INITAX
091> 09’ l> oun oun UM DuN 091> DN oUN olN UM DN D¥N (X01d1)
/90 ICIHOTHI TAMIA
o oun 064> 04> oL 08 > (1] o8’ L> 00°0052>108° 1> 00°0%2> [0R° 1> 091> A4a-9%/90 30140THD VTAMIA
092 [ bun oun ouN QuN 092> ouN YN DN (Y] ouN buN (X01d3)
- /90 J1¥132¥ ANIA
-1 1] -+ 1} 1748 1 (1748 + 05" > 00°¢> OUN 00" &> 00" 00LY> | 00" 5> 00°08%> |04° 2> L2 ANG-92/90 FAVL3IY TANIA
180> 870> BuN DN DN .21 i8°0» OUN DU B¥N ouN ouN bD¥N (%0143}
/90 INIHLIONOTHOLHL
¢v:0L | Of20L | Of3e0 | 0S:60 | 0260 | 00380 | 00FZL [ S¥RZL | SEELL cgia0 | sEmo | syizo | s0iZM Siinn
0s/21/20| 06721720 08721 720] 08721 /20| 06/21/20]06/2L/20}06/51 /20| 04/£1/20106/£1/20 06/51720| 08/51/20( 06781 /20| 0672L/20 %,
¢
*14 OL-8{ *L3 9-5) "14 ¥-2| “14 8-9| “1d S-£|°14 OL-8 v w.;.
MQQ G
2IBISHIN] MedaL | aneg-as] £-as 2-05 L-as edul 9-8SH £-8SH y-8SK £-8SH Z-8SH 1-as4 | oo (7] .S#\
¢ ®
ININEQIS 1108 \8&. s SUILINVEVY

wibio8n) ‘pieygiy Aully Jajuny

VIV DSNINIVHL 341
ONMNJNYS LNINIAAS ANV 1108 40 S11NS3Y 0661

¢-1 31avi

—

1-35




d2-Z1°0ZE0- 156€

£661 '383 @8N0

&85> 64" 5> 845> 64°%> 852> 6475 86°5> 665> - 667 E> 656°5> 9/9n ¥3A115
0'o> 0z o> oz o> ££°0 20 09°0 &0 020> 0z 0> 0z 0> 0z o> 9/9n L ULEREN
00" \> 001> o 001> 00" &> 00°002 001> 001> 001> 00" 005 [ M ox/on ELEELFEL LR
00> 0w 00" [+ (1 0 £ 00°2> 00" 009¢ 00> 00°0002 00°i> 0070000l {00"1> 21/30 INTWWHIHAYA
%'0> "o 4570 0 &L°0 8£°0 0*'o 8t°o 8870 6£°0 0%°0 2/9n A¥ND Y 3W
WL 84" L> 085l 00°suLL 09 &zLl oL 6l 00°20L DUN 0L°E9LL 04°SE 00°5Y9 8/9n aril
001> 00°4> D¥M 00°1> 00° > 00°002 001> 00" 1> 00> 00°00Y 00°i> 224/9n INONT4
00° 1> [ B w0’ 001> 002> 007002 Q01> 00°L> 001> ag” 4> 00" i> 2a/79n JAVIVHLKAIANLIIG
0> 001> 001> 001> 00°2> 00°00%2 001> 007009 00°1> 00°00%£1L 01> 23/9n w:,_...__.:.m..»p:mm:fr. Iq
9%6°L> 96" 5> 9> oL'é o2 96°%> éi’s 9% £ 7Ly 96° 5> (1) 48 9/90 RATHOYHD
857> "> 861> 18°% 20°0 88 L> 85° 1> 857> 66°1 85°L> 261> 9/90 _.S_:oe.u;
00°L> 00°t> -1 1.1 061> oo..mv 00" 00L 001> 007006 00° > (17 00°{> 2X/9N  ILVIVHING CIAXIHILHLT 2) Sid
10°0> 10°g» 82'e n._n.a._ 0112 28 -1 (1151 05°£t 616 0" %9 9/9n W BY§
961> 9% 1> F Y (VA § 85°LL 96" 4> 00"y gL 067 £1 00°2 88°§ a/9n AIN3suy
00°tL» 001> 00° |» 00" 1> W' . |o0"0000L  {00"1» 00°000ZL  joo)> 00°000464 |00"§> 91/9n FHIIVHLHAYNILNLIN &
‘1 8°1-0'9F 1 1-0 ‘14 §°2-879] “ld b-0 |14 §°9-5°2] ‘4 1-0 ['1d §'w-¢2) ‘L4 10 yidag 3tdues
Kswh v WHOTY YO gi-H8 ZL-HE LL-HE al-ae a1 oy0ues S1IHn

uxw.—wztx(_.:

e161005) ‘pleyy Auy Jojungy
VIHY ONINIVHL 3414
ONINdWYS HOS 40 S171NS34 L861

€-1 318vl

—

1-36




ESE (1993a and 1993b) estimated the volume of soil contaminated with volatile and semi-volatile
organics at the site to be in the range of 3,000 to 11,000 cubic yards (yd®). The majority of this
soil is in the depth range of O to 1 foot bls. Metal contamination in soils at the site was
estimated to be present in approximately 200 to 300 yd® of soil on and around the fire training
pad, with lead being the primary metal contaminant of concern (ESE, 1993a and 1993b).

Figures 1-8, 1-9, and 1-10 shows ESE's interpretation of the extent of soil contamination at the
site. These figures illustrate a greater confidence level in the interpreted extent of subsurface

soil contamination as compared to surface soil contamination.

1.3.3.3 Sediment Contamination - The two drainage ditches flanking the site to the north and
south represent sites of active sediment accumulation. The ditches intersect at a point
approximately 600 feet west-southwest of the fire training pad. Sediments from these ditches
were sampled during both the 1990 and 1992 investigations. The sample locations are presented
in Figure 1-5. The analytical results are shown on Tables i-1 and 1-2 for 1992 and 1990

sampling events, respectively.

The results of sediment sampling during the 1990 investigation indicated the presence of
benzo[a]anthracene, benzofluoranthene, chrysene, and several other semi-volatile organics at
elevated levels in the north and south ditch. Other semi-volatile organic compounds were
detected at lower levels. During the 1992 investigation, three of the four sediment samples
collected from the north and south ditches were found to be contaminated primarily by benzo(a)
pyrene, and to a lesser degree by other semi-volatile organics. The only volatile organic
compound detected during the 1992 investigation was trichlorofluoromethane, which was present
at levels nearly equal to the method’s detection limit. Figure 1-11 depicts the distribution of the

carcinogenic semi-volatile compound, benzo(a)pyrene, in sediments at the site.

The majority of sediment samples from the two drainage ditches revealed concentrations of
several PAHs at levels exceeding carcinogenic PCTs (based on soil ingestion, which is
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FIGURE 1-8

ESTIMATED EXTENT OF ORGANIC CONTAMINATION
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FIGURE 1-9

ESTIMATED EXTENT OF ORGANIC CONTAMINATION
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conservative for sediment exposure)., ESE (1993b) indicated that due to the limited number of
sediment samples which have been collected at the site, it is likely that the downstream limit of
sediment contamination extends to or beyond the confluence of the ditches. During a site visit
on October 28, 1993, a possible petroleum sheen was observed emanating from below a culvert
located adjacent to Hunter FTA and discharging into the nearby creck. Based on discussions
with HAAF staff, it was learned that the drainage area for this creek includes flight lines,
maintenance areas, motor pools, and related facilities. Therefore, it is likely that some of the
organic and inorganic constituents detected in the creek sediment may be present to ongoing

upstream activities and not past practices at the FTA.

1.3.3.4 Ground-Water Contamination - Ground-water samples were collected from on-site
monitoring wells during the 1990 and 1992 investigations. Well locations are shown on Figure
1-5. The analytical results are shown in Tables 1-4 and 1-5 for the 1992 and 1990 sampling

events, respectively.

The results of 1990 ground-water sampling of the shallow downgradient well HMW-6 indicated
that state of Georgia and federal maximum contaminant levels (MCLs) for arsenic (50 ug/L),
chromium (50 pg/L), and selenium (10 pg/L) were exceeded. The concentrations of lead
detected in wells HMW-4 and HMW-6 during the 1990 sampling event also exceeded the EPA
action level for lead. The 1990 concentrations of arsenic, barium, chromium, chromium, and
lead from the shallow upgradient well HMW-2 met or exceeded their respective PCTs. The
1992 sampling event indicated no metals to be present above their PCTs.

Organic compounds detected in ground water at the site included benzene, which was detected
at levels exceeding its 5 ug/L MCL in several wells across the site during both 1990 and 1992
sampling events. Vinyl chloride was also detected above its MCL in the 1992 sample collected
from well HMW-6. The detection of PAHs above their PCTs in 1990 from well HMW-6 was
not repeated in the sample collected from the HMW-6 in 1992,
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The PCT analysis indicated that concentrations of arsenic, chromium, and selenium detected in
a 1990 sample from a shallow downgradient well (HMW-6) exceeded federal and state of
Georgia maximum contaminant levels (MCLs). Lead levels detected in the 1990 samples from
the same well, as well as shallow downgradient HMW-4, exceeded -the federal actiqn level for
lead. The concentrations of arsenic, barium, chromium, and lead detected in the shallow

upgradient well (HMW-2) meet or exceed their respective PCTs.

Benzene was detected above its MCL in several wells (HHMW-3 [1990], HMW-4 [1992], HMW-
6 {1990 and 1992], HMW-7 [1992], and HMW-9 [1992]. Vinyl chloride was detected above
its MCL in the 1992 sample from HMW-6. Three PAHs were detected in the 1990 ground-
water sample from HMW-6 at levels exceeding PCTs. Figure 1-12 depicts the interpreted
distribution of benzene in the surficial aquifer during the 1992 sampling event.

From the data obtained the maximum ground-water fluctuation was shown to be 3.79 feet by the
monitor, and 3.3 feet by manual monitoring. The direction of ground-water flow across the site

in the surficial aquifer was determined to be northwest, at a hydraulic gradient of 0.015.

The current array of monitoring wells at the site does not permit the delineation of the
downgradient extent of ground-water contamination at the site. Wells proposed to be installed
during the predesign investigation will provide data for delineating the downgradient extent of

ground-water contamination in the surficial aquifer.
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2.0 PROJECT MANAGEMENT

LAW has established standards and requirements for project management and quality assurance
(QA). Our QA Program is one of the most important factors contributing to project success.
The purpose of the program is to assure that services are being performed using industry-
standard scientific engineering practices. The following sections discuss the project organization,

QA program and project management and shows the interrelationship between each function.

2.1 PROJECT ORGANIZATION AND RESPONSIBILITIES

This project will be executed by a team of engineers and scientists of the Government Services
Division of LAW. The headquarters of Law Environmental, Inc., Government Services
Division (LEGS) is in Kennesaw, Georgia. The interrelationship of the project members is
shown in Figure 2-1. The following paragraphs describe the responsibilities of the key

personnel.

Bach project undertaken by LAW is under the direct supervision of a project principal. Mr. F.
David Shiver, P.E. will serve as principal engineer for this project. The project principal
provides technical and administrative review, provides all quality assurance (QA) and quality
control (QC) functions and overall technical direction of the project. He is also the principal
contact for project contractual matters. As Chief Engineer, Mr. Randall A. Knott, P.E., will

act as QA/QC program manager for the investigative and design activities for this project.

The project manager works under the direct of the project principal and is responsible for the
management of the project, which includes client contact, management of administrative
requirements, coordination and management of personnel assigned to the project, and supervision
of schedules, technical approach, implementation, and report preparation. Mr, Deepak R.

Ghosh, P.E. will serve as the project manager for this project,

3551-0320.26 2-1



b0'02e0-166¢E

“0U] 'Sa0NNSg “OU| 'S3UC)EI0GE fiojeioge] [euoney
[BIUBUeNAIT MYTAIYT U] ‘SeJBIJ0SSY ¥ 2109 “TM 13lseue [EJUBWILIOIALT MET “au| ‘Bupuq fen)

d01IvHiNod4ans HOLIVHINOIENS HOLIYHINODANS HD1IvHINOIANS HOLIYHINGIANS

[ediouuy ¥se| lobeuwepy Hsel
faysnQoyy "y ang 3d 'piojpa -3 uimp3 f

Ja0euey ¥sel 1abeueyy ysel J1abeueyy yse) 1abeuepy yse) Jafieuepy yse] l1afeuejy ysey
sayfny |seyoIN Bre)y weiim 34 ‘ysoun Y yedaag 309 ‘ulenoeT W faigep 0d 'lanAesq 1 sswep dSHY ‘W3 M UL

‘85388Y Aqmthzu\iqzo_h<z SNOILVILESIANI 3LIS

‘'SSISSY MSIH "NOHIANT

1aBeuepy 196014
3d ‘usoyn "y yedasaq

“INI TYINIWNGHIANT MY

A1a1es %2 UyesH
fedioun joelosd fiuad 7 noer
3d ‘IaAYS pireq 4 Jaauibu3 yag

3d "ou) Y |jepuey

“ONI TIVINAWNOHIANT MVT

O TIVANIWNOYIANT My
Jtabeuryy 10al0iyd
asoy Juaig

1310 YRUUeARS
SHIINIONT 40 S4HOI AWHY 'S'n E

VIDHOID ‘HYNNVAVS
V.14 d1314HIV AWHY H3LNNH
NOIS3A NOILLOV TVAOWIH ANV SNOILYOILSIANI ALIS

NOLLVZINVOHO 133rodd
L-2 3HNDIS

2-2



Mr. James L. Beaver, P.G. will serve as the task manager for geology-related issues. Ms,
Lynne W. Clem, R.H.S.P. will serve as task manager for risk assessments, regulatory criteria
and action level determination. Mr. Jeffrey M. Lorrain, C.Q.E., C.H.M.M. will serve as the
task manager for chemistry-related issues. He will have responsibility of sample acquisition and
coordination with the laboratory. Mr. Deepak R. Ghosh, P.E. and Mr. Edwin E. Ledford,
P.E., RIL.S. will be responsible for all design activities, including preparing plans,

specifications, and construction cost estimates.

Mr. Paul A. Vogt will serve as task manager for natural and cultural resource assessment
activities associated with construction related activities at the site. Ms. Sue Ann McCuskey will

serve as the principal for this effort.

2.1.1 Subcontractors

LAW will subcontract some of the services to selected qualified firms. Ivey Drilling, Inc., a
minority-owned business, will provide drilling and monitoring well installation services during
the field investigation activities. Lancaster Laboratories, a COE certified laboratory will be
responsible for all chemistry-related analysis of samples collected at the site. Physical analysis
of samples will be performed by Law Environmental National Laboratories, which is also a COE
certified laboratory. W.L. Gore and Associates, Inc., will provide services for soil gas survey
and analysis and Laidl.aw Environmental Services, Inc., will be the IDW dispoéal subcontractor.

2.2 QUALITY ASSURANCE

LAW has established a strong internal QA program with an associated QA manual, engineering
procedures manual, equipment calibration procedures manual, and specialty manuals for
hazardous waste site investigations and software documentation. LAW employees use these

manuals as the basis for conducting all company work within the QA program. Each project

3551-0320.26 23



is assigned to a principal engineer/scientist who is responsible for maintaining the required
professional quality from beginning to end of the project. Mr. F. David Shiver, P.E. will serve
as principal for this project. Bvery deliverable must be reviewed and signed by two persons and
at least one must be a certified principal with credentials and experience relevant to the area of
work. Calculations are independently checked for accuracy, and design drawings and
specifications are approved in accordance with company policy and applicable engineering
requirements. Mr. Randall A. Knott, P. E., is responsible for the LEGS QA functions and
application of the QA manuals, policies and procedures for all projects being conducted through
this branch.

2.3 PROJECT PROGRESS AND SCHEDULING

To complete the project within established schedule restraints, timely submittals by LAW and
review by the U.S. Army Corps of Engineers, Savannah District (CESAS-EN-GH) are
necessary. A project schedule is included as Figure 2-2. Monthly progress reports will be
prepared and submitted to CESAS. All required documents will be submitted, Draft and Final,
as requested in the scope of work and according to proposed scheduled dates. The schedule will
be updated as required by Project Managers and Project Principals. To provide timely
submittals, review comments from all parties are expected on the date specified on the project
schedule (Figure 2-2).
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3.0 PROJECT OBJECTIVES

3.1 GENERAL OBJECTIVES

This work plan describes the field investigation program for the Source Removal Predesign
investigation at Hunter FTA. The project objectives and the technical approach to the data
gathering effort are described below. The purpose of this work plan is to describe and outline
project activities needed to perform a quality-controlled sampling effort at the site. The results
of the field investigation will be used to prepare plans and specifications for source removal

design.

The primary objective of activities described in this plan is to gather data necessary to support
a source removal design. The concrete samples and soil samples from below and around the
concrete pad are intended to characterize the concrete for off-site disposal and assess the extent
of soil which is contaminated in excess of the action levels calculated for the site pursuant to the

Georgia Hazardous Site Response Act (HSRA) and associated rules.
The secondary objective of the activities described in this plan is to gather additional site

characterization data to be used in a Compliance Status Report for the site as described in Rule
391-3-19 of the Official Code of Georgia Annotated (O.C.G.A.).

3.2 SAMPLING OBJECTIVES

The objective of this work plan is to (1) assure that appropriate procedures are implemented for
 drilling, sampling, decontamination, equipment calibration, aquifer testing, and maintenance of
quality assurance/quality control (QA/QC) for both laboratory work and field activities; and (2)
perform recordkeeping to assure that data collected will satisfy the overall project objectives and
its intended use. Table 3-1 lists the sampling rationale for the predesign investigation.
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TABLE 3-1

RATIONALE FOR PREDESIGN INVESTIGATION FIELD TASKS
Hunter Army Airfield FTA
Savannah, Georgia

FIELD INVESTIGATION TASK

RATIONALE

Collect four concrete samples from pad.
Collect eight soil samples from around pad.

Collect four soil samples from beneath concrete
pad.

Advance five hand augered soil borings in the
study area and collect two soil samples per
boring.

Perform a soil gas survey consisting of 20
locations.

Install shallow ground-water monitoring wells
HMW-10, HMW-11, HMW-12, and HMW-13
in study area.

Perform in-situ hydraulic conductivity testing
of new wells at the site.

To determine waste characterization and proper
disposal.

To assess extent of contaminated soil associated
with concrete burn pad.

To assess extent of contaminated soil associated
with concrete burn pad,

To assess extent and degree of contamination.

To determine placement of hand auger borings
and wells in study area.

Provide additional data on geology and the
nature and extent of contamination in the upper
portion of the surficial aquifer. Provide
additional monitoring locations for the aquifer
pump fest.

Estimate the lateral and vertical variations in
hydraulic conductivity across the site, prior to
performing the aquifer pump test.
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The proposed soil, concrete, and soil gas survey Iocations to be advanced at the site during the
first phase of field investigations are presented in Figure 3-1. These locations were chosen
based upon results of previous investigations and site observations. The location of the
monitoring wells and additional soil borings in the second phase will be chosen based on the

results of the soil gas survey with concurrence from CESAS.
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4.0 FIELD ACTIVITIES

The following subsections describe the field sampling program to be conducted at the Hunter
FTA. These activities include collection of soil and concrete samples for chemical analyses;
collection of soil samples for geotechnical analyses; installation of ground-water monitoring wells
to include developing, in-situ hydraulic conductivity testing, and ground-water sampling for

chemical analyses; and sample location surveys.

4.1 PREPARATION

The following subsections describe the activities necessary to prepare the site for the field

investigation.

4,1.1 Site Reconnaissance

On October 28, 1993, representatives of LAW and HAAF Environmental Department visited

the Hunter FTA. The observations made during the site visit include:

. HAAF environmental personnel indicated that the steel storage tank currently
located at the site is used as an accumulation point for off-specification fuels
generated at the airfield. In July-October 1993, the Georgia Environmental
Protection Division (EPD) requested that HAAF designate the tank as a hazardous
waste storage tank based on the fuels ignitability potential. As a result, HAAF
has labeled the tank as hazardous waste. The wastes are periodically transferred
into a truck by a contractor, and transported from the installation. During the
process of transferring the contents of the tank, water which has accumulated in

the tank is emptied to the ground surface.
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. A petroleum-like odor was noticed at the outfall of the storm sewer into the north

drainage ditch. A sheen was observed on the water surface at the same location.

. The wooded area to the west of the fire training pad was observed to contain
construction (hardfill) debris, inciuding concrete and metal. The topography in
the wooded area is also highly irregular. As a result, the use of an all-terrain
vehicle (ATV) drilling rig may be required in this area.

Prior to the commencement of field operations, the site will be inspected to identify access
routes, and overhead, surface, and potential subsurface obstructions. Any preliminary activities
required to safely access or conduct work at the site, and obvious signs and/or sources of

contamination will also be identified and documented.

4.1.2 Utility Clearance

Prior to mobilizing for drilling, the site will be checked by appropriate authorities for
underground utility locations. Utility clearance at HAAF requires a minimum of two weeks.
Due to the tight schedule, LAW requests that base personnel begin the wtility clearance
permitting as soon as possible. The study area in which the monitoring wells will be located is
shown on Figure 4-1. Drilling for the monitoring wells will not proceed where aboveground
or overhead utilities are within 30 feet of the drill rig or where subsurface obstructions exist.
Should utility locations require offsetting boring locations, the new locations chosen will be as
close as possible to the originally proposed locations. Under no condition will drilling proceed

without the requisite utility clearance.

4.1.3 Traffic Control

If field activities occur in (or near to) roadways at HAAF, a flag-person will be required to

direct traffic flow around the area of work.

3551-0320.26 4-2



FIGURE 4-1
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4.1.4 Site Safety and Health Meeting -

During the field investigation, the site manager will serve as the site safety officer (SSO). Prior
to the start of the field activities, the SSO will meet with the site investigation team members
to discuss site safety procedures. The purpose of this meeting is to discuss in detail the hazards
specific to the site and the tasks to be performed, and to specify the proper level of protection,
decontamination procedures, required monitoring, waste disposal procedures for each work area,
and also emergency procedures and site evacuation, As part of this meeting, the Standard
Operating Procedures (SOPs) for safety activities at the site will be outlined. It is the
responsibility of the SSO that workers are thoroughly familiar with each specific SOP and the
overall chain of command during work at the site. Detailed safety procedures are included in
the Site Safety and Health Plan (SSHP) (Appendix C).

4.2 CONCRETE CHARACTERIZATION

Four concrete samples will be collected from the concrete pad in order to determine the waste
characterization and proper disposal of the structure. The sampling locations will be selected
in the field based on site conditions and visual observations. The protocol which will be used
to collect these samples is provided in the CDAP in Appendix A. The samples will be analyzed
for the parameters shown on Table 4-1 of this Work Plan.

4.3 SOIL INVESTIGATIONS

4.3.1 Rationale for Sample Location Selection

The rationale for collecting soil samples and the proposed locations at which the sampling will
be performed are discussed in the following paragraphs. Table 3-1 of this Work Plan provides
a summary of the rationale for each field task.
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4.3.2 Soil Sample,

Soil samples will be collected through the use of two methods: a drill rig in conjunction with

monitoring well installation, and by hand auger.

4.3.2.1 Drill Rig Soil Samples - The soil samples which will be collected during installation of
the wells will be addressed in Section 4.5 of this document.

4.3,2.2 Hand Auger Soil Samples - A total of 22 soil samples will be collected using a hand

auger. The protocol which will be used to collect the samples is provided in the CDAP

(Appendix A).

3551-0320.26

The locations of the samples and the sampling rationale are as follows,

Hand auger borings will be advanced around the pad to approximately the water
table depth (not to exceed 2 feet bls) and soil samples will be collected
appi'oximately every 2 feet beginning at 0.5 feet below ground surface (bgs). A
description of each sample will be made in the field to include visual
observations, odor, and PID/OVA readings. Based on the field observations, the
site chemist will select eight soil samples to be sent to the lab for complete
analyses to supplement the field PID/OVA readings for assessing the extent and
degree of contamination. These eight samples will be analyzed for the parameters
shown on Table 4-1 on an expedited lab turnaround time of not more than five
days. The protocol for obtaining the hand anger samples is provided in the
CDAP (Appendix A). |

Hand auger borings will be advanced beneath the concrete pad in the locations
from which the concrete samples were collected (Section 4.2 of this Work Plan).
Soil samples will be collected approximately every 2 feet. A description of each

sample will be made in the field to include visual observations, odor, and
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PID/OVA readings. Based on the field observations, the site chemist will select
four soil samples to be sent to the lab for complete analyses to supplement the
field PID/OVA readings for assessing the extent and degree of contamination.
These four samples will be analyzed for the parameters shown on Table 4-1 on
an expedited laboratory turnaround time of not more than five days. The protocol
for obtaining the hand auger samples is provided in the CDAP (Appendix A).

. Five hand auger borings will be advanced to approximately the water table (not
to exceed 12 feet bgs) in the study area shown on Figure 4-1. The locations will
be dependent upon the results of the soil gas survey (discussed in Section 4.4 of
this work plan). The actual boring locations will be recommended by LAW with
concurrence from the client after reviewing the soil gas survey results. As the
borings are advanced, soil samples will be collected approximately every 2 feet.
A description of each sample will be made in the field to include visual
observations, odor, and PID/OVA headspace readings. Based on the field
observations two soil samples will be selected by the site chemist from each
boring to be sent to the lab for complete analyses. These ten soil samples will
be analyzed for the parameters shown in Table 4-1 of this Work Plan. The
protocol for sampling is provided in the CDAP (Appendix A).

4.4 SOIL GAS SURVEY

A passive soil gas survey consisting of 20 samples will be conducted in the study area shown
on Figure 4-1. Using the results of the soil gas survey, LAW will recommend, with the
concurrence of CESAS, five hand auger soil sampling locations (diséussed in Section 4.3 of this
Work Plan) and four shallow monitoring well locations. The protocol for the soil gas survey

is contained in the CDAP (Appendix A).
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4.5 GROUND-WATER INVESTIGATIONS

This section presents the rationale for ground-water monitoring well installation.

4.5.1 Rationale for Well Location Selection

Four ground-water monitoring wells will be installed at the site in the upper portion of the
surficial aquifer. Wells will be constructed in a manner to facilitate the detection of free-phase
hydrocarbons and, as such, will be installed with the uppermost portion of the well screen above

the water table,

4.5.2 Well Locations

The four wells will be located within the study area shown in Figure 4-1. The well locations
will be dependent upon the results of the soil gas survey (discussed in Section 4.4 of this
document). The actual well locations will be recommended by LAW with concurrence from

representatives of HAAF and CESAS after reviewing the soil gas survey results.

4.5.3 Soil Sampling

In conjunction with the well installations, soil samples for both chemical analyses and
geotechnical tests will be collected. Samples will be collected continuously with a stainless steel
split spoon sampler and logged by the site geologist. The boring log will include the geologic
description, and field observations such as color, odor, PID/OVA headspace readings, soil
sample recovery, and penetration resistance. Based on the field observations two soil samples
will be selected by the site chemist from each boring for laboratory analysis. These eight soil
samples will be analyzed for the parameters shown in Table 4-1. The protocol for split spoon
sampling is provided in the CDAP (Appendix A).

3551-0320.26 4-8



The protocol for monitoring wells including drilling procedures; well installation, development,
sampling, and acceptance is provided in the Geologic Data Acquisition Plan (GDAP) (Appendix
B).

4.5.4 Geotechnical Analysis

Geotechnical information will be required to perform site geohydrological characterization,
remedial design, prepare remedial design cost estimates, and prepare bid documents. This
information can be gathered by performing additional sampling while the field investigation is
mobilized on site. This would save costs associated with remobilizing a field team at a later

date.

One soil sample will be collected from each well boring. The depth frbm which the sample will
be collected will be determined by the site geologist with input from the project engineer. The
samples will be tested for grain size distribution (ASTM D422) and Atterberg Limits with
moisture content {(ASTM D4318).

4.5.5 Well Development

The purpose of well development is to create good hydraulic contact between the well and the
aquifer, and to remove accumulated sediments from the well. The well development procedures
are provided in the GDAP (Appendix B).

4.5.6 Ground-Water Sampling

Following well development, ground water from the four new and nine existing wells will be
collected per the protocol in the CDAP (Appendix A) and analyzed for the parameters shown
in Table 4-2 of this Work Plan.

3551-0320.26 4-9
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4.5.7 In-Situ Permeability Testing

Hydraulic conductivity tests wilt be performed on each newly installed well at the site following
ground-water sampling. The procedures for conducting this test are provided in the GDAP

(Appendix B).

4.5.8 Survey of Well Locations

Upon completion of the wells, a survey crew will locate by standard surveying methods each

new monitoring well. These methods are described in detail in the GDAP (Appendix B).

4.6 INVESTIGATION-DERTVED WASTE MANAGEMENT

The following description outlines the proposed approach to investigation-derived waste IDW)
management during the predesign activities at Hunter FTA. Six categories of waste are
anticipated to be generated during the predesign activities: (1) drill cuttings from borings drilled
for well installation; (2) development water from well development activities; (3) purge water
from monitoring well sampling activities; (4) decontamination fluids resulting from steam
cleaning of heavy equipment and from decontamination of sampling equipment; (5)
miscellaneous waste, consisting of disposable supply containers, used personal protective

clothing (i.e., Tyvek coveralls, boot covers, gloves, respirator cartridges).

Based upon the requirements of the scope of work dated April 25, 1995 , LAW will collect all
IDW generated during field activities and store it in properly labelled drums at the site. The
drums will be placed on pallets and the location of pallets shall be chosen by CESAS and/or
HAAF. Based on the results of laboratory analysis of soil and ground-water samples, the
material in the drums will be disposed. Therefore, LAW will wait for the chemical analysis to

be completed, and compare the results to HSRA cleanup criteria. If the sample results are
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below applicable HSRA criteria, LAW will return to the site and dispose of the material at the
site. If the sample results indicate that levels of contaminants exceed HSRA cleanup criteria,
the material will be disposed at an off-site location. Teéting of the IDW stored in drums will
be performed if HSRA levels are exceeded and such a request is made by CESAS. CESAS will
assign additional budget for such testing activities. LAW will be responsible for disposal of all
non-hazardous waste, including foil and paper. Empty nonhazardous drums will be triple rinsed
with clean water and taken to the installation DRMO for recycling.

4.6.1 Drilling Cuttings

Soil cuttings will be placed into open-top, U.S. Department of Transportation (DOT) approved
17H drums and all drums will be labeled as described in Section 4.5.4. All drums generated
will be annotated on a drum log to be maintained by the LAW site manager. A copy of the
drum log will be provided to the CESAS project manager.

4.6.2 Well Development Water, Purge Water, Decontamination Water

The aqueous wastes produced during all site activities will be drummed in closed-top, DOT-
approved 17H drums, inventoried, labeled and transported as described in the preceding
paragraph to a staging area on the base. Decontamination fluids from steam cleaning, sampling
equipment decontamination and personal decontamination will be collected in a sump and will
be periodically pumped into DOT-approved 17H drums. The drums will be inventoried and
labeled. All drums will be staged on pallets adjacent to the boring from which they are derived
until final disposal is implemented.

4.6.3 Other Waste

An open-top 17H drum will be provided at the site during work in the decontamination reduction

zone for the collection of miscellaneous wastes resulting from site activities such as gloves and
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personal protective clothing. Disposable supply containers (boxes) will be taken to the recycling
facility at HAAF. Other (noncontaminated) disposables used in drilling and sampling operations
will be placed at a HAAF solid waste collection point (i.e., trash dumpster) at the completion
of work each day.

4.6.4 Drum Inventory and Labeling

As site investigations proceed, IDW will be containerized in 55-gallon drums at the boring.
Each drum will be labeled on the top and opposite sides of the barrel with a "Non-Regulated

Waste" sticker which includes the following:

Generator’s Name:
Generator’s Address:
Manifest Doc. Number:
Date Containerized:

In addition to this minimum information, other information will be placed on the drum with a

paint pen, such as:

. Project number
. Site name
L] Well or borehole number

. Waste type

Final classification and labeling of drums will be completed after receipt of the analytical results
from the field sampling program. Once information is recorded on the drums for future
identification, an inventory of all drums containing IDW will be retained by the site manager
or his delegate on a daily basis. This inventory shall contain the following information:

. Project number and name
® Borehole or well number

. Container type

3551-0320.26 4-13



. Waste type (liquid, solid, sludge, PPE)

o Volume of each waste type at final closing

. Date accumulation of IDW began

. Condition of container (new, refurbished, etc.)

. Storage location and date noted at that location

o What type of chemical analytical data exists for IDW

. If the IDW drums have been sampled and date sampled and analyzed for disposal
. Accessibility of trucks for drum removal

Two copies of this inventory will be provided to the base contact for his records upon LAW’s

demobilization if drums are to be left on site.

4.6.5 Drum Staging and Temporary Storage

Because the drums and all activities will be conducted within the base, the drums containing
IDW will be temporarily stored at their respective borehole or monitoring well. Properly
secured and labeled drums will be stored together on pallets. The palleted drums will be placed
with consideration that stake body trucks or forklifts will be used to load the drums from the
area. Once waste characterization data as discussed in Section 4.6.6 are received, the drums and
contents will be moved to their ultimate destination. Transport of any drums will be performed
by a licensed transporter.

Since the investigation samples for soil are the same material as the IDW, minimal supplemental
sampling is anticipated for characterization of soil based on the Iabbmtory results from the site
investigations. LAW has negotiated budget for 4 TCLP P6 analysis on drummed soil cuttings.
Note that water samples taken during the investigation tend to exhibit higher concentrations than
the water contained in the drums because of dilution during decontaminations, etc. Therefore,

if ground-water concentrations from the investigation prohibit disposal in the city’s wastewater
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collection system, additional sampling will be performed to more accurately characterize the

water.

4.6.6 Transportation and Disposal

Once all waste has been characterized, waste profiles will be submitted by LAW, and disposal
authorization will be received for all waste requiring off-site disposal. Soil and water which do
not warrant off-site disposal will be disposed at the well location from which they were
generated. A transporter licensed to transport hazardous waste will be retained to move the
waste requiring off-site disposal to a licensed treatment, storage, and disposal facility (TSDF),
A representative of the generator will be available to execute manifests and disposal documents
before the waste leaves its origin. After acceptance and disposal at the TSDF, the generator will
receive documentation verifying receipt of the waste for their permanent records and annual

reporting.

4.7 FIELD EQUIPMENT OPERATION, CALIBRATION, AND MAINTENANCE

The following sections will present an overview of the methods to be utilized in the measurement

of field parameters. Table 4-3 provides a list of field equipment.

4.7.1 pH Measurement

The pH of a water sample will be determined by EPA Method 150.1. This method utilizes a
pH meter to determine pH electrometrically using either a glass electrode in combination with
a reference potential or a combination electrode. Each instrument/electrode system is calibrated
at a2 minimum of two points that bracket the expected pH of the sample and are approximately
three or more pH units apart. The instrument will be calibrated twice a déy. Calibration checks
will be performed hourly. The pH is measured at the temperature of the sample which is
compensated for by the instrument. This analysis will be performed in the field.
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TABLE 4-3

FIELD EQUIPMENT REQUIREMENTS
Hunter Army Airfield FTA
Savannah, Georgia

Field Analytical Equipment

¢  Organic vapor analyzer equipped with a photoionization detector to measure possible contamination
while drilling. Range of 1 ppm to 2000 ppm

pH meter

Thermometer

Conductivity meter

Turbidity meter

Field Sample Collection Devices

e Teflon® Bailers ¢ Glass beaker

* Purge pump ¢ Stainless steel split spoon
s Poly tubing ¢ Stainless steel hand auger
*  Generator * Stainless steel bowls

¢ Nylon rope ¢ Stainless steel spoons

Sample Collection Containers

¢ Pre-cleaned glass jars and vials equipped with teflon-lined lids or septae

Decontamination Solutions

* Deionized water * Spray bottles

¢ Methanol * Drums for decontamination waste fluids
e Potable water ¢ Plastic sheeting

e Decon tubs ¢ Paper towels

*  Scrub brushes ¢ Gloves (latex)

Preservation Solutions

* Hydrochloric Acid
* Nitric Acid
* Sutfuric Acid

Personal Protective Equipment

Tyvek

Hard hat

Safety glasses

Surgical gloves

Rubber steel toe boots
Protective gloves (latex)

Documentation Supplies

Field log book, pens, sharpies
All field forms

* Sample chain-of-custodies, custody seals, sample labels, request for analysis forms, Federal Express
labels

¢ Clear and strapping tape

¢+ Camera and film

- PREPARED/DATE: S/
3551-0320.26 cuEckepate; V PR6_7/7 g/as”
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4.7.2 Conductivity Measurement

The specific conductance of a sample will be determined by EPA Method 120.1. The method
utilizes a self-contained conductivity meter utilizing a Wheatstone bridge or equivalent. Samples
are analyzed preferably at 25 degrees Celsius. If not, the temperature corrections are
compensated for by the instrument. The instrument is factory calibrated and the calibration
checked daily with a standard potassium chloride solution. This analysis will be performed in
the field.

4.7.3 Temperature Measurement

‘The temperature of the sample will be measured by EPA Method 170.1. This method utilizes
a mercury-filled or dial-type thermometer or thermistor. This analysis will be performed in the
field.

4.7.4 Tuwbidity Measurement

This method is a comparison of the light scattered by a sample versus the light scattered by a
reference solution. The nephelometer (turbidimeter) is calibrated daily with a 0.1 NTU solution.
The sample is then poured into the turbidimeter tube and read directly from the instrument. This

analysis will be performed in the field.

4.7.5 Field Screening for Volatile Organics by PID

During field sampling activities, the presence of volatile organics will be monitoring by a PID.

For additional information regarding this procedure, see Appendix A2 of CDAP.
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5.0 HSRA REGULATIONS

5.1 INTRODUCTION

Under the Georgia Hazardous Site Response Act (HSRA) (Chapter 391-3-19), owners of sites
where hazardous wastes, hazardous constituents or hazardous substances have been released in
amounts identified as reportable are required to notify the Georgia Environmental Protection
Division (EPD) of the site releases. The EI;D then evaluates the sites to determine if they
should be listed on the state’s Hazardous Site Inventory (HSI). Once a site has been placed on
the Hazardous Site Inventory, the director may request the submittal of a Compliance Status
Report (CSR). The CSR documents the status of the site with regard to the risk reduction
standards of Rule 391-3-19-.07.

Based on information obtained from the CESAS, it is our understanding that the Fire Training
Area of the Hunter Army Airfield has been placed on the Hazardous Site Inventory. As a result,
CESAS has advised LAW to proceed with the investigation and remedial actions as required
under HSRA.

5.2 RISK REDUCTION STANDARDS

The Risk Reduction Standards specify the procedures to demonstrate compliance with the HSRA
requirements for corrective action. The risk reduction standards are intended to be protective

of human health. A summation of the five types of standards are presented in Table 5-1,

All of the Risk Reduction Standards are potentially appropriate for the FTA site because its land
use is currently nonresidential, and is expected to remain nonresidential in the future. Type 3
and 4 soil standards address nonresidential sites and, therefore, generally allow higher standards
than Type 1 and 2 soil standards. Type 1 and Type 3 standards for groundwater are the same
and are presented in Table 5-2. Type 1 and Type 3 standards for soil are listed in Table 5-3.

3551-0320.26 5-1
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TABLE 5-2

SUMMARY OF HSRA TYPE 1 GROUND-WATER STANDARDS FOR DETECTION CONSTITUENTS

Hunter Army Airfield FTA
Savannah, Georgia

Chemical HSRA Risk Reduction Standards (mg/L) Type 1
Ground Water (a)
Inorganjcs
Arsenic 0.05
Barium 2.0
Cadmium 0.005
~ Chromium, total 0.1
Lead 0.015
Selenium 0.05
PAHs
Benzo(a)anthracene 0.0001
Benzo(b)fluoranthene 0.0002
Benzo(g,h,i) perylene 1.0(d)
Chrysene 0.0002(b)
Fluoranthene 1.0
Naphthalene 0.02
Phenanthrene 1.0(d)
Pyrene 1.0
YOCs
Benzene 0.005
1,2-Dichloroethene 0.1(c)
Ethylbenzene 0.7
Toluene 1.0
Vinyl Chloride 0.002
Xylenes, total 10

(a} HSRA Type 1 and Type 3 standards are the same for ground water.
(b) Detection limit or background is the Type 1 ground-water concentration.

(¢) Value for trans-1,2-dichloroethene.

(d) Table 1 value for Pyrene used as surrogate per guidance from USEPA Region IV.

Note: Type 1 Standards are based on MCLs and Proposed MCLs for benzo(a)anthracene and benzo(b)fluoranthene
have been withdrawn by USEPA and wiill not be reproposed in FY1995.
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TABLE 5-3

SUMMARY OF HSRA TYPE 1 AND TYPE 3 SOIL STANDARDS FOR DETECTED CONSTITUENTS

Hunter Army Airfield FTA
Savannah, Georgia
Chemical HSRA Risk Reduction Standards
(mg/ke)
Type 1 Soil (a) Type 3 Soil (b)
Inorganics
Arsenic 20(c) 610
Barium 1,000 100,000(g)
Cadmium 2.0 1,000
Chromium, total 100 10,000
Lead 75 75
Mercury 0.5 0.012
Selenium 2.0 10,000
PAHs
Acenaphthene 300(d) 100,000(g)
Acenaphthylene 130(d) 61,000(f)
Anthracene 500(d) 100,000(g)
Benzo(a)anthracene 5.0 64
Benzo(a)pyrene 1.64(d} 7.7
Benzo(b)fluoranthene 5.0(d) : 70
Benzo(g,h,i) perylene 500(d) 61,000(f)
Benzo(k)fluoranthene 5.0(d) 78
Chrysene 5.0(d) 6,600
Dibenzo(a,h)anthracene 5.0(d) 7.8
Fluoranthene 500(d) 82,000
Fluorene 360(d) 82,000
Indeno(1,2,3-cd)pyrene 5.0(d) 78
Naphthalene 100(d) 82,000
Phenanthrene 116(d) 61,000(f)
Pyrene 500(d) 61,000
VOGs
Benzene 0.5(¢) 14
Ethylbenzene 70(e) 15,000
Methylene Chloride 0.5(e) 120
Toluene 100(e) 3,500
Trichlorofluoromethane 200(e) & 820
Xylenes, total 1,000(e) 100,000(g)

(a) Type 1 standards are applicable for all soil above the water table or bedrock.

) Type 3 standards are applicable for surface soils (soil within two feet of the landsurface).

(c) Metals values are from Table 2, Appendix ITI (HSRA).

() PAH values are from Notification Concentration Table, Appendix I (HSRA).

(e Volatile values are Type 1 ground-water standards multiplied by 100.

§ )] Toxicity value for pyrene used as surrogate per guidance from USEPA Region IV.

® Concentrations above 100,000 ppm are considered "inherently waste-like” and are unlikely to meet the
requirements of Rule 391-3-19.07(4)(a)~(d).
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5.3 EVALUATION OF RISK REDUCTION STANDARDS

Although a feasibility study has been performed for this site and remedial technologies have been
selected under CERCLA, the recently implemented HSRA regulation.s and additional site
investigations to be performed by LAW have prompted a review of the remedial action strategy.
LAW recommends that the new field investigation data be compared to the various types of risk
reduction standards in order to evaluate the need for corrective action. In addition, an exposure -
assessment will be prepared which discusses the human or environmental receptors who may
have been or could be potentially exposed to the constituents at the site. This exposure
assessment and comparison of site data to the risk reduction standards will be documented in the

CSR.

Following the submittal of the Compliance Status Report (CSR) and a signed Certification
Statement, a notice must be published in both a major local newspaper and the legal organ of
the local governments in whose jurisdiction the site is located. This notification of the report’s
availability must be made within seven days of the report’s submittal to the director. The
director must be sent a copy of the notice within 15 days of its publication. A written notice
of the notification must also be submitted to the government of Chatham County and the City
of Savannah within seven days of the report submittal.

The objective of the CSR is to document that the site is in compliance with the risk reduction
standards and achieve the director’s concurrence. At that time, the director will reclassify the
site and state that corrective action should occur in order to maintain compliance with the risk

reduction standards and remove the site from the HSI.
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1.0 INTRODUCTION

This document has been prepared to consolidate documentation of the activities planned for the
coliection of environmental data associated with the Hunter Army Airfield (HAAF) Fire Training
Area (FTA). The following sections describe the site history, project organization, planned

activities, planned Quality Control activities, and documentation.

1.1 LOCATION OF QUALITY ASSURANCE PROJECT PLAN ELEMENTS

As per the EPA guidance document entitled "Interim Guidelines And Specifications For
Preparing Quality Assurance Project Plans (QAPP)," [QAMS-005/80] (USEPA, 1980), a written
QAPP is required to be prepared for all environmental monitoring or measurement projects. All
16 of the required elements are presented in this Chemical Data Acquisition Plan. It is not
necessary to repeat the information, however it is useful to cite the specific location where the
QAPP information is located (USEPA, 1980). Table 1-1 lists each of the required items a
QAPP must discuss and the section in which the information is located.

3551-0320.13R I-1



TABLE 1-1

LOCATION OF QUALITY ASSURANCE FRQJECT PLAN ELEMENTS
Hunter Army Airfield FTA

Savannah, Georgia
Required QA Element Location

1. Title page with provision for approval signatures Title Page (a)

2, Table of Contents Section 1.0

3. Project Description Section 2.0

4. Project Organization and Responsibility Section 4.0

5. QA Objectives for Precision, Accuracy, Completeness, Section 3.0

Representativeness, and Comparability

6. Sampling Procedures Section 5.0

7. Sample Custody Section 6.0

8. Calibration Procedures and Frequency Section 7.2, Appendix A-3

9. Analytical Procedures Section 7.2

10. Data Reduction, Validation and Reporting Reduction: Section 7.3
Validation: Section 7.3, 8.0
Reporting: Section 7.3

11, Internal Quality Control Checks and Frequency Field: Sections 5.1, 5.4
Laboratory: Section 7.2, and

_ Appendix A-3

12. Performance and System Audits and Frequency Not required (b)

13, Preventative Maintenance Procedures and Schedules Field: Section 5.5
Laboratory: Section 7.5

14. Specific Routine Procedures Used to Assess Data Precision, Aceuracy Section 7.0

and Completeness

15. Corrective Action Field: Sections 5.6, 6.4

Laboratory: Section 7.7
Appendix A-3
16, Quality Assurance Reports to Management Section 8.0

(a) Internal approval of documents is signified by signature on the applicable cover letter. Two signatures are required
for submission, one of which must be from a Principal/Officer of the company who is authorized to commit the
rescurces of the company. External approval is signified by a letter from the USACE-Omaha District stating that
the document has been approved.

(b) Laboratory has undergone a performance audit and a systems audit by the USACE - Missouri River Division in
order to be validated to perform this work. No additional audits are required.

PREPARED/DATE: _.%‘a%jﬂé!’
CHECKED/DATE: ¢ 7/28/4¢
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2.0 PROJECT DESCRIPTION

The following sections provide an introduction to the project, the facility location, site

descriptions, and previous investigations.

2.1 INTRODUCTIO

This Chemical Data Acquisition Plan (CDAP) has been prepared for the project "Hunter Army
Airfield Fire Training Area" located at Hunter Army Airfield, (HAAF) Georgia. This CDAP
has been prepared in response to the Scope of Work (SOW) issued on April 25, 1995, by the
Savannah District, U.S. Army Corps of Engineers (USACE). |

The purpose of this CDAP is to present the Data Quality Objectives (DQOs) for the project,
provide detailed sampling and analysis instructions, and provide guidance for aspects of chemical
data quality management for the project. This document has been prepared in substantial
compliance with the USACE’s guidance document entitled "Chemical Data Quality Management
For Hazardous Waste Remedial Activities" (USACE, 1990).

2.2 FACILITY LOCATION

HAATF occupies 5,400 acres in Chatham County, near Savannah, Georgia. It is bounded by
residential and light commercial areas. It is part of Ft. Stewart and is approximately 50 miles
northeast of the main installation. The Fire Training Area (FTA) is located on the northwestern
portion of the airfield, approximately 800 feet north-northwest of the aircraft control tower and

2,200 feet north of the center of the east-west runway.

The FTA is in a grassy cleared area approximately 200 feet by 400 feet, bounded on the north
and south by drainage ditches, by the airfield pavement on the east, and by trees on the west.
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The FTA consists of a 6,400 square foot concrete pad. The pad has a deteriorated concrete curb
around the perimeter with soil bermed around it. There is a simulated aircraft constructed from
a used steel storage tank in the center of the pad. Fuel (mostly JP-4) for the fire training
exercises was supplied from a nearby aboveground storage tank through a buried fuel line.
During training exercises, some of the fuel and water splashed or ran over the top of the curb
and berms and contaminated adjacent soil. This also has led to the contamination of shallow
ground water. Use of the FTA was discontinued in 1991, Figure 2-1 shows the plan view of
the FTA.

2.3 PREVIQUS SITE INVESTIGATIONS

In March 1987, a preliminary contamination assessment was performed by the U.S. Army
Environmental and Health Agency (USAEHA) (see Appendix B of the Significance of
Contamination Report for Wright Army Airfield Fire Training Area JAAFTA]). This Hazardous
Waste Study (No. 37-26-0127-88) was performed to evaluate the existence of contamination in
the soils and pit residues at three fire training areas and four Explosive Ordnance Disposal
(EOD) sites at Fort Stewart and HAAF. During February 1990, Environmental Science and
Engineering, Inc., (ESE) performed the first phase of a contamination evaluation at the Hunter
FTA (ESE, 1993a). From July to December 1992, ESE conducted additional tests at Hunter

FTA to determine the significance of contamination.

The ESE investigations included drilling of boreholes, installation of monitoring wells, and
sampling and analyses of sediments, soil, and ground water. Figure 2-2 shows the location of
the samples taken during 1987, 1990, and 1992. These analyses have provided the following
information about the contaminants present, and geologic and hydrogeologic data above
Preliminary Cleanup Targets (PCTs) (ESE, 1993a).

The results from the PCT analyses show that several polynuclear aromatic hydrocarbons (PAHS)
were detected above their carcinogenic PCTs. These soil samples were collected from varying

depths north and northwest of the fire pit in 1990 and 1992 around the underground fuel line,
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and in the vicinity of the aboveground fuel storage tank. Also, surface soil samples collected
from the fire pit in 1987 showed lead concentiations exceeding the EPA interim cleanup level.
The majority of sediment samples from the two drainage ditches revealed concentrations of
several PAHs that exceed carcinogenic PCTs (based on soil ingestion, which is conservative for
sediment exposure) (ESE, 1993a). The ground-water analyses performed included hydraulic

conductivity (slug) testing, ground-water level monitoring, and PCT analysis.

Ground-water levels were monitored in monitoring wells at the site for 6 months during the 1992
investigation. The monitoring was performed hourly by a Telog® logging device and manually
once a month. From the data obtained the maximum ground-water fluctuation was shown to be
3.79 feet by Telog® and 3.3 feet by manual monitoring (ESE, 1993a). Hydraulic conductivity
(slug) testing was performed to determine the conductivities of the aquifer during 1992
investigation. The conductivities of HMW-3 and HMW-4 were found to be 0.0018 and 0.0013
feet/minute, respectively. The ground-water gradient was determined to be 0.015 feet/foot to
the northwest and the ground-water flow velocity to be approximately 35.9 feet per year (ft/yr)
(BSE, 1993a).

The PCT analysis indicated the following: The concentrations of arsenic, chromium, and
selenium detected in a 1990 sample from a shallow downgradient well (HMW-6) exceed Federal
and State of Georgia Maximum Contaminant Levels (MCLs). Lead levels detected in the 1990
samples from the same well, as well as shallow downgradient well HMW-4 are above the EPA
action level for lead. The concentrations of arsenic, barium, chromium, and lead detected in
the shallow upgradient well HMW-2 also exceed or are equivalent to their respective PCTs.
Benzene was detected above its MCL in several wells [HMW-3 (1990), HMW-4 (1992), HMW-
6 (1990 and 1992), HMW-7 (1992), and HMW-9 (1992)]. Figure 2-3 presents benzene
concentrations detected in ground-water samples during the 1992 field effort. Also, vinyl
chloride was detected above its MCL in the 1992 sample from HMW-6. The only other
chemicals measured in ground water above PCTs were three PAHs, which were detected in the
1990 sample from HMW-6 (ESE, 1993b).
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2.4 SCHEDULE OF SAMPLING ACTIVITIES

Table 2-1 shows the schedule for the field investigation activities from pre-mobilization through
- the completion of all field sampling and testing. The overall project schedule is discussed in
Section 2.3 of this work plan.
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TABLE 2-1

APPROXIMATE SCHEDULE OF FIELD ACTIVITIES
Hunter Army Airfield FTA
Savannah, Georgia

Dates Activities
July 30, 1995 Final Work Plan and CDAP Submittal
August 15, 1995 Field Investigation Mobilization
August 19 - August 24, 1995 Concrete pad/soil sampling around pad
August 19 - September 3, 1995 Soil gas survey collection
October 4 - October 18, 1995 Soil sampling, monitor well installation ground-water

sampling, staging IDW

PREPARED/DATE:
3551-0320.13R 2-8 CHECKED/DATE:
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3.0 CHEMICAL DATA QUALITY OBJECTIVES

The parameters of precision, accuracy, representativeness, completeness, and comparability
(PARCC) are indicators of data quality (USEPA, 1987a). [Establishing goals for these
parameters serves to guide the choice of the analytical methodology. It also establishes a
strategy for the evaluation of the data once it is acquired to determine whether the collected data
will support the goals of the project. One of the primary functions of this CDAP is to establish
these DQOs. The following sections present the data uses, site-specific DQOs, and PARCC

parameters.

3.1 DATA USES

The data acquired for this project will be used to prepare a Compliance Status Report (CSR),
and remedial design plans, specification and cost estimates. Specifically, the concrete analj}sis
results and the analytical results for those soil samples collected immediately around the pad will
be used for a remedial design to remove the pad and grossly contaminated soil. Soil, ground

water, concrete and previous data will be used to prepare the CSR.

3.1.1 Site-Specific Objectives

The objective of the investigation at the FTA is to complete a CSR/remedial design (RD). Data
uses for the CSR/RD include site assessment, risk assessment, and a remediation design
planning. The site investigation of the FTA will include soil, and ground-water analyses to
assess the extent of the contamination. The nature of the present contamination has been
investigated and discussed in previous reports (ESE 1992, 1993a,b). By achieving to the
PARCC DQOs discussed in the next section, the data generated will be of sufficient quality and
quantity to support a CSR/RD.
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The estimated extent of organic contamination from the previous investigations by ESE is shown

in Figures 3-1 and 3-2.

3.2 PARCC PARAMETERS AND DQOQs

Only qualitative statements concerning representativeness and comparability can be made.
Numerical goals for precision, accuracy completeness are possible, however, and are reported
as a percentage. Precision is generally expressed as the relative percent difference of two
measurements while accuracy is expressed as bias. Completeness is expressed as the amount
of valid data acquired divided by the amount of data planned to be acquired and applies to the
project as a whole. A completeness goal of 90 percent has been established for this project.

Precision measures the reproductibility of measurements under a given set of conditions. Field
sampling precision will be determined by the collection of field duplicate samples. Analytical

precision is measured by the analysis of laboratory duplicate and matrix spike duplicate samples.

Accuracy measures the bias in a measurement system. Sampling accuracy may be assessed by
evaluating the results of trip and field blanks. Analytical accuracy can be evaluated through the
analysis of method blanks, mairix spike and laboratory control samples. Appendix A-3 provided
DQO goals for analytical accuracy expressed as control limits by method.

Representativeness expresses the degree to which sample data accurately and precisely represent
a characteristic of a population, parameter variations at a sami)le point or an environmental
condition. To ensure the samples to be collected at the fire training area are representative,
samples will be collected utilizing standard sampling procedures aﬁd the rationale for sample
locations will be provided. Biased (based on existing data, field screening and observations)
sampling approaches will be used. The rationale for sample locations and the details of sampling

procedures are provided in Sections 5.3 and 5.4, respectively.
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FIGURE 3-1

ESTIMATED EXTENT OF ORGANIC CONTAMINATION
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FIGURE 3-2

ESTIMATED EXTENT OF ORGANIC CONTAMINATION
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Comparability is a qualitative parameter expressing the confidence with which one data set can -
be compared to another, This goal is achieved through using standard sampling techniques to
collect representative samples and using standard analytical methods to produce data of known
analytical quality. For this investigation, two levels of data (USEPA, 1987a) will be required.
Level I data, field screening, will be used at several sites to provide real-time data. Level I data
includes field screening or analysis by portable instruments. Exémples of Level I data collection
activities will include HNU monitoring, water level measuring, and water quality
characterization (such as pH, specific conductance, and temperature). Level Il data will also
be obtained. Level III data is laboratory analysis utilizing standard EPA methods and produces
both qualitative and quantitative data which may be compared to future investigations required
at HAAF Hunter Army Airfield. The method reporting limits of each analysis (provided in
Section 7) are adequate to quantify analytes at or below Applicable or Relevant and Appropriate
Requirements (ARARS). Comparability is also assessed by comparing the results of the split
samples collected at a frequency of 10 percent and sent to the U.S. Army Cormps of
Engineers - South Atlantic Division Laboratory for analysis.

Quality data is essential to overall project quality. The DQOs defined above were selected to
design data collection programs which can support the project objectives described in Section
3.1. The analytical data produced from this investigation will be of sufficient quality and

~ quantity to meet the overall project objectives and satisfy regulatory requirements.
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4.0 PROJECT MANAGEMENT

LAW has established standards and requirements for project management and quality assurance
(QA). Our QA Program is one of the most important factors contributihg to project success.
The purpose of the program is to assure that services are being performed using industry-
standard scientific engineering practices. The following sections discuss the project organization,

QA program and project management and shows the interrelationship between each function,

4.1 PROJECT ORGANIZATION AND RESPONSIBILITIES

This project will be executed by a team of engineers and scientists of the Government Services
Division of LAW. Law Environmental, Inc., Government Services Division (LEGS) is located
at Kennesaw, Georgia. The interrelationship of the project members is shown in Figure 4-1,

The following paragraphs describe the responsibilities of the key personnel.

Each project undertaken by LAW is under the direct supervision of a project principal. Mr. F.
David Shiver, P.E. will serve as principal engineer for this project. The project principal
provides technical and administrative review, provides all quality assurance (QA) and quality
control (QC) functions and overall technical direction of the project. He is also the principal
contact for project contractual matters. As Chief Engineer, Mr. Randall A. Knott, P.E., will

act as QA/QC program manager for the Investigative and Design activities for this project.

The project manager works under the direct of the project principal and is responsible for the
management of the project, which includes client contact, management of administrative
requirements, coordination and management of personnel assigned to the project, and supervision
of schedules, technical approach, implementation, and report preparation. Mr. Deepak R.

Ghosh, P.E. will serve as the project manager for this project.
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Mr, James L. Beaver, P.G. will serve as the task manager for geology-related issues. Ms,
Lynne W. Clem, R.H.S.P. will serve as task manager for risk assessments, regulatory criteria
and action level determination. Mr. Jeffrey M. Lorrain, L.Q.M., G.H.M.M. will serve as the
task manager for chemistry-related issues. He will have responsibility of sample acquisition and
coordination with the laboratory. Mr. Deepak R. Ghosh, P.E. and Mr. Edwin E. Ledford,
P.E., R.L.S. will be responsible for all design activities, including preparing plans,

specifications, and construction cost estimates.

Mr. Paul A. Vogt will serve as task manager for natural and cultural resource assessment
activities associated with construction related activities at the site. Ms. Sue Ann McCuskey will

serve as the principal for this effort.

4.1.1 Subcontractors

LAW will subcontract some of the services to selected qualified firms. Ivey Drilling, Inc., a
minority-owned business, will provide drilling and monitoring well installation services during
the field investigation activities. Lancaster Laboratories, a COE certified laboratory will be
responsible for all chemistry-related analysis of samples collected at the site. Physical analysis
of samples will be performed by Law Environmental National Laboratories, which is also a COE
certified laboratory.

W.L. Gore and Associates, Inc., will provide services for soil gas survey and analysis and

LaidLaw Environmental Services, Inc. will be the IDW disposal subcontractor.

4.2 QUATITY ASSURANCE

LAW has established a strong internal QA program with an associated QA manual, engineering

procedures manual, equipment calibration procedures manual, and specialty manuals for
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hazardous waste site investigations and software documentation. LAW employees use these
manuals as the basis for conducting all company work within the QA program. Each project
is assigned to a principal engineer/scientist who is responsible for maintaining the required
professional quality from beginning to end of the project. Mr. F. David Shiver, P.E. will serve
as principal for this project. Every deliverable must be reviewed and signed by two persons and
at least one must be a certified principal with credentials and experience relevant to the area of
work. Calculations are independently checked for accuracy, and design drawings and
specifications are approved in accordance with company policy and applicable engineering
requirements. Mr. Randall A. Knott is responsible for the LEGS QA functions and application
of the QA mannuals, policies and procedures for all projects being conducted through this branch.

4.3 PROJECT PROGRESS AND SCHEDULING

To complete the project within established schedule restraints, timely submittals by LAW and
review by the U.S. Armmy Corps of Engineers, Savannah District (CESAS-EN-GH) are
necessary. A Project Schedule is included as Figure 4-2. Monthly progress reports will be
prepared and submitted to CESAS-EN-GH. All required documents will be submitted, Draft
and Final, as requested in the Scope of Work and According to proposed scheduled dates. The
schedule will be updated as required by Project Managers and Project Principals.

To provide timely submittals, review comments from all parties are expected on the date
specified on the Project Schedule, Figure 4-2.
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5.0 FIELD ACTIVITIES

The initial steps in chemical data acquisition are the implementation of proper sampling and
sample handling procedures. The sections that folow will provide a definition of terms,
sampling locations, sampling and sample preservation procedures, field analysis procedures, and

field documentation.
5.1 DEFINITIONS

5.1.1 A-E (LAW) Laborato

The laboratory responsible for performing the chemical analysis of all field samples will be

Lancaster Laboratories, Inc. (Lancaster) located in Lancaster, Pennsylvania.

5.1.2 Quality Assurance (QA) Laboratory

The U.S. Army Corps of Engineers - South Atlantic Division laboratory (CESAD) will serve
as the QA Laboratory. The QA laboratory will receive and analyze splits of field samples as
an evaluation of the LAWSs laboratory’s performance.

5.1.3 Quality Control Samples

These samples are collected by the field sampling team and analyzed by the A-E Laboratory to
evaluate the quality of the field samples and analytical data. QC samples include field
duplicates, trip blanks and equipment rinsates. The number of QC samples to be collected

represent approximately ten percent of the field samples.
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5.1.4 Quality Assurance (QA) Samples

QA samples are collected by the field sampling team and sent to the QA Laboratory. The
results are utilized by the QA Laboratory to assess the quality of the data produced by the field
teamn and the LAW selected laboratory. QA samples include split samples, trip blanks, and
equipment rinsate samples. The number of QA samples collected represents approximately ten

percent of the field samples.

5.1.5 Split Samples

A split sample is a sample that is collected, homogenized, and then divided, "split" into two
equal aliquots for analysis. Samples for volatile analysis will be collected and split prior to
homogenizing. The sample shall be split in the field prior to delivery to the laboratory.
Ordinarily split samples are analyzed by two different laboratories.

5.1.6 Field Duplicates

Multiple grab samples, collected separately, that equally represent a medium at a given time and
Iocation are known as field duplicates. These samples will be coded in a manner so as to
prevent laboratory personnel from distinguishing them from other field samples. Field duplicate
samples are used to assess sampling and laboratory precision. They will be collected at a

frequency of one per twenty field samples.

5.1.7 Background Samples

Background samples are taken from areas away from contaminated areas that are known to be
free of human activity and are not contaminated with the analytes of interest. These samples

provide a naturally occurring or *background’ value for suspected contaminants,
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5.1.8 Rinsates

Rinsates are samples consisting of reagent grade water collected from a final rinse of sampling
equipment after the decontamination procedure has been performed. - The purpose of the rinsate
is to determine whether the sampling equipment decontamination procedure is working properly.
Rinsates will be collected at a frequency of one per twenty field samples.

5.1.9 Trip Blanks

Trip blanks are VOA sample vials that are filled with organic free water and preserved with HC1
to a pH less than 2 at the laboratory. They accompany the field sample containers from the time
they leave laboratory until they are returned to the laboratory for analysis. These blanks are not
opened in the field. The purpose of the trip blank is to determine whether samples are being
contaminated during transit or sample collection. Trip blanks pertain to volatile organic analyses
of aqueous samples only. One trip blank is required for each day of sampling if water samples
for VOA are shipped in the same cooler. At a minimum, a trip blank must be included in any

sample cooler that contains water samples that are to be analyzed for volatile constituents.

5.2 FIELD ANALYSIS PROCEDURES

The following sections will present an overview of the methods to be utilized in the measurement

of field parameters. Table 5-1 provides a list of field equipment.

5.2.1 pH Measurement

The pH of a water sample will be determined by EPA Method 150.1. This method utilizes a
pH meter to determine pH electrometrically using either a glass electrode in combination with

a reference potential or a combination electrode. Each instrument/electrode system is calibrated
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TABLE 5-1

FIELD EQUIPMENT REQUIREMENTS
Hunter Army Airfield FTA
Savanna, Georgia

Field Analytical Equipment

® Organic vapor analyzer equipped with a photoionization detector to measure possible contamination
while drilling. Range of 1 ppm to 2000 ppm

pH meter

Thermometer

Conductivity meter

Turbidity meter

Field Sample Collection Devices

* Teflon® Bailers s  Glass beaker

e  Purge pump * Stainless steel split spoon
* Poly tubing * Stainless steel hand auger
¢ Generator ¢ Stainless steel bowls

¢ Nylon rope ¢ Stainless steel spoons

Sample Collection Containers
¢ Pre-cleaned glass jars and vials equipped with teflon-lined lids or septae

Decontamination Solutions

¢ Deionized water * Spray bottles
» Methanol * Drums for decontamination waste fluids
* Potable water ¢ Plastic sheeting
* Decon tubs *  Paper towels
&  Scrub brushes *  Gloves (latex)
Preservation Solutions
¢ Hydrochloric Acid
® Nitric Acid
s Sulfuric Acid
Personal Protective Equipment
¢ Tyvek
* Hard hat
o Safety glasses
* Surgical gloves
*  Rubber steel toe boots
* DProtective gloves (latex)
Documentation Supplies
¢ Ficld log book, pens, sharpies
All field forms
¢ Sample chain-of-custodies, custody seals, sample labels, request for analysis forms, Federal Express
labels

¢ Clear and strapping tape
¢+ Camera and film

PREPARED/DATE: ﬁm} }Als/? ¢
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at a minimum of two points that bracket the expected pH of the sample and are approximately
three or more pH units apart. The instrument will be calibrated twice a day. The pH is
measured at the temperature of the sample which is compensated for by the instrument. This
analysis will be performed in the field. I

5.2.2 Conductivity Measurement

The specific conductance of a sample will be determined by EPA Method 120.1. The method
utilizes a self-contained conductivity meter utilizing a Wheatstone bridge or equivalent. Samples
are analyzed preferably at 25 degrees Celsius. If not, the temperature corrections are
compensated for by the instrument. The instrument is factory calibrated and the calibration
checked daily with a standard potassium chloride solution. This analysis will be performed in
the field.

5.2.3 Temperature Measurement

The temperature of the sample will be measured by EPA Method 170.1. This method utilizes
a mercury-filled or dial-type thermometer or thermistor. This analysis will be performed in the
field.

5.2.4 Turbidity Measurement

This method is a comparison of the light scattered by a sample versus the light scattered by a
reference solution. The nephelometer (turbidimeter) is calibrated daily with a 0.1 NTU solution.
The sample is then poured into the turbidimeter tube and read directly from the instrument, This
analysis will be performed in the field.
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5.2.5 Photoionization Detector

The photoionization detector (PID) used for field detection of volatile organic vapors for soil
during headspace screening will be the Photovac Microtip HL-2000 -or an equivalent unit. The
HNu will be calibrated with a 100 parts per million (ppm) factory standard of iscbutylene gas.
As a general rule, the instrument will be calibrated at least twice a day; at the beginning, and
middle of each day. Additionally, the instrument will be calibrated in a safe area, free of
contamination and/or hazards. The battery power supply for the PID will be recharged as
specified in the equipment manual. The protocol for Field Screening Analysis for Volatile
Organic Compounds by Photoionization Detector is included as Appendix A-2.

The PID described above, or an equivalent unit, will be used to screen the air space (breathing
zone) at work areas where intrusive activities are being performed. The PID is very sensitive
to moisture in the air, therefore, temperature and humidity will be recorded at the beginning of

each day and as changes occur during the day.

5.3 SAMPLING LOCATIONS

Samples for chemical analysis at the Hunter FTA will include ground water and soils, To
accomplish the objectives of the investigation, historical data gathered during the previous site
investigations, including geologic, hydrogeologic, and chemical information as well as the results
of the soil gas survey will be used to select locations that will provide samples which should
satisfy all of the DQOs defined in Section 3.0 of this document. In general, samples will be
obtained in locations so that the extent of contamination can be assessed. This should facilitate
decisions concerning the appropriate closure of the FTA. This section of the CDAP describes
the specific field tasks that will be performed at the FTA, and includes the rationale for
conducting these tasks. The locations from which samples will be collected during the field
investigation are also included in this section. At the FTA, four shallow (15 foot) wells and five
soil borings will be installed. The procedures to be used during sampling activities are defined
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in Section 5.4. The procedures for drilling and well installation are defined in Section 4.0 of
the Work Plan.

5.3.1 Soil Gas Survey Sample Locations and Nationale

A soil gas survey consisting of 20 samples will be conducted in the study area shown on Figure
4-1. Using the results of the soil gas survey, LAW will recommend, with the client’s
concurrence, five hand auger soil sampling locations and four monitoring well locations. The

protocol for the soil gas survey is contained in Section 5.4.4 of this document.

5.3.2 Soil Boring Sample Location and Rationale

The rationale for collecting soil samples and the proposed locations at which the sampling will
be performed are discussed in the following paragraphs. Table 3-1 of the work plan provides
a summary of the rationale for each field task.

. Hand auger borings will be advanced around the pad to approximately the water
table depth (not to exceed 2 feet bls) and soil samples will be collected
approximately every 2 feet beginning at 0.5 feet below ground surface (bgs). A
description of each sample will be made in the field to include visual
observations, odor, and PID/OVA readings. Based on the field observations, the
site chemist will select eight soil samples to be sent to the lab for complete
analyses to supplement the field PID/OVA readings for assessing the extent and
degree of contamination. These eight samples will be analyzed for the parameters
shown on Table 4-1 on an expedited lab turnaround time of not more than five
days. The protocol for obtaining the hand auger samples is provided in Section
5.4.2 of this document.

. Hand auger borings will be advanced beneath the concrete pad in the locations
from which the concrete samples were collected. Soil samples will be collected
approximately every 2 feet. A description of each sample will be made in the
field to include visual observations, odor, and PID/OVA readings. Based on the
field observations, the site chemist will select four soil samples to be sent to the
lab for analyses to supplement the ficld PID/OVA readings for assessing the
extent and degree of contamination. These four samples will be analyzed for the
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parameters shown on Table 7-1 on an expedited laboratory turnaround time of not
more than five days. The protocol for obtaining the hand auger samples is

provided in Section 5.4.2.

. Five hand auger borings will be advanced to approximately the water table (not
to exceed 12 feet bgs). The locations will be dependent upon the results of the
soil gas survey (discussed in Section 4.4 of the work plan). The actual boring
locations will be recommended by LAW with concurrence from the client after
reviewing the soil gas survey results. As the borings are advanced, soil samples
will be collected approximately every 2 feet. A description of each sample will
be made in the field to include viswal observations, odor, and PID/QOVA
headspace readings. Based on the field observations two soil samples will be
selected by the site chemist from each boring to be sent to the laboratory for
analyses. These ten soil samples will be analyzed for the parameters shown in
Table 7-1. The protocol for sampling is provided in Section 5.4.2.

5.3.3 Monitoring Well Installation Location and Rationale

Four ground-water monitoring wells will be installed at the site in the upper portion of the
surficial aquifer. The locations of the ground-water monitoring wells will be based on the

results of the soil gas survey.

5.3.4 Concrete Sample Location and Rationale

Four concrete samples will be collected from the concrete pad in order to determine the waste
characterization and proper disposal of the structure. The sampling Iocations will be determined
in the field based on site conditions and visual observations. The protocol which will be used
to collect these samples is provided in Section 5.4.2. The samples will be analyzed for the

parameters shown on Table 7-1.
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5.4 SAMPLING, SAMPLE HANDLING AND PRESERVATION PROCEDURES

The soil (30) and concrete (4) samples will be collected from up to 21 locations. Ground-water
samples will be collected at 13 locations. Tables 5-2 and 5-3 provide the numbers of field
samples, QC samples, and parameters for the FTA. Care will be taken to maintain sample
integrity throughout the sampling and shipping activities, The following subsections describe
the procedures for soil and ground-water sampling, sampling equipment decontamination, and

sample preservation.

5.4.1 Concrete Sampling Procedure

Four concrete samples will be collected from the 6,400 square foot concrete pad. The samples
will be collected using a decontaminated carbide tipped core drill. Concrete cores through the
entire depth of the pad will be collected. The collected cores will be placed in new plastic bags
and labelled as described in Section 5.5. The collected cores will be preserved by placing the

labelled samples in a cooler with ice sufficient to bring the temperature to 4 degrees Celsius.

5.4.2 Procedure for Soil Sampling

Soil sampling is conducted in a manner to minimize interaction of the sample with the surface
environment. Hand auguring will be used to obtain samples at the required depth. A 3-inch
diameter decontaminated stainless steel hand auger will be used to recover sufficient soil for

analysis.

Volatile samples will be removed from the auger immediately upon collection using a
decontaminated stainless steel spoon. The spoon will be utilized to place the soil into the sample
container such that minimum headspace remains. The remaining will be placed into a
decontaminated stainless steel bowl and mixed thoroughly with a decontaminated stainless steel
spoon. Aliquots of the homogenized sample will then be placed in the appropriate containers,
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Appropriate sample containers, amounts, and preservation are presented in Section 5.4.5.
Samples will be labeled as described in Section 5.5. Field screening of headspace will follow
the standard operating procedure provided in Appendix A-2.

5.4.3 Ground-Water Sampling Procedure

Rapid and significant changes can occur in ground-water samples upon exposure to ambient
conditions at the surface (exposure to sunlight, temperature, and pressure changes). Therefore,
ground-water sampling is conducted in a manner to minimize interaction of the sample with the
surface environment, The equipment and protocol for collecting ground-water samples are
described in the following paragraphs. Decontamiration procedures for field equipment,
including ground-water sampling equipment, are described in Section 5.4.5 of this document.

a. Measure Water Level - Using clean, non-contaminating equipment (i.e., an electronic
level indicator or a fiberglass tape) determine the water level in the well and calculate
fiuid volume in the casing and screen. If an organic phase exists, it will be separated
and collected in a 40 mL vial. The CESAS-EN-GH should be contacted for further

instructions regarding these samples.

b. Purge Well - Remove at least five well volumes with a Teflon® bailer or by pumping.
Ground water will be tested for pH, temperature and specific conductance before, during,
and after purging. Sample collection will begin after field parameters have stabilized
(readings differing plus or minus ten percent between successive well volumes). If the
well goes dry during purging, then it will be sampled as soon as sufficient recharge has

occurred to atlow collection of a sample.
C. Coliect Sample - Lower the Teflon® bailer slowly until it contacts the water surface and

allow the bailer to sink to the desired depth and fill with a minimum of surface

disturbance. Care will be taken so that the sample is collected from the screened portion
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of the well and not from the overlying riser section or the underlying sand-sump section
of the well. Slowly withdraw the bailer, being careful to prevent contact of the bailer
line with the ground. Tip the bailer and slowly discharge the contents into the
appropriate container. The process will be repeated as necessary to fill each container
to the required volume. Samples to be analyzed for volatile organics will be collected
first to minimize the effect of disturbance of the water surface in the well on the volatile
analysis. Sample containers will be filled completely leaving no air space above the
liquid portion to minimize volatilization. The remainder of the parameters will then be

collected in the appropriate containers as indicated in Table 5-4.

5.4.4 Soil Gas Sampling Procedure

The passive soil gas samples will be collected using the following procedures. An approximately
one-half inch diameter hole (3-feet deep) is installed uvsing a slide hammer. The Gore-Sorber™
device is inserted in the hole with the special insertion tool. The hole is plugged with a stopper
and flagged for later survey and recovery. The Gore-Sorber™ is left in the ground for
approximately 2 to 3 weeks. The Gore-Sorber™ modules are retrieved and shipped to the gore
analytical laboratory for analysis in the containers provided.

5.4.5 Sample Preservation Procedures

Samples will be preserved following USACE protocols (USACE, 1990) to maintain sample
integrity. Samples will be collected in containers provided by the laboratory that are pre-cleaned
as appropriate for the environmental analysis. All sample containers have Teflon®-lined lids.
All samples will be cooled to 4 degrees Celsius as soon as possible after sampling. Tables 5-4

and 5-5 provide the appropriate sample containers, amounts and preservations.

3551-0320.13R 5.13 Appendix A



TABLE 5-4

SAMPLE CONTAINERS, AMOUNTS, AND PRESERVATION/
GROUND-WATER SAMPLES
Hunter Army Airfield FTA
Savannah, Georgia

SAMPLE
PARAMETER CONTAINERS®? AMOUNT PRESERVATION
RCRA Metals 1 - 1 L. Polyethylene Full HNO, to pH<2;
Ice to 4°C
Semi-Volatile Organic Compounds 2 - 1 L. Amberglass Full Ice to 4°C
Volatile Organics 3 - 40 mL glass VOA Full; No Ice to 4°C
headspace HCltopH <2
Total Petroleum Hydrocarbons 2 -1 L. Amberglass Full Ice to 4°C
HCltopH <2

a All containers to have Teflon®-lined lids; VOA vials to have Teflon®-lined septa.
b Samples chosen for QA/QC analyses require double the number of containers indicated.

/7. 39@9/ T4

43551-0320.13R 5-14 CHECKED/DATE:



TABLE 5-5

SAMPLE CONTAINERS, AMOUNTS, AND PRESERVATION/
SOIL SAMPLES
Hunter Army Airfield FTA
Savannah, Georgia

SAMPLE
PARAMETER CONTAINERS®Y AMOUNT PRESERVATION
Volatile Organics Two 2-oz. wide-mouth glass jars Full, Cool to 4°C
: No Headspace
Semi-Volatile Organic Compounds One 8-0z. wide-mouth glass jar Full Cool to 4°C
Total Petroleum Hydrocarbons One 8-0z. wide-mouth glass jar Full Cool to 4°C
RCRA Metals One 8-o0z. wide-mouth glass jar Full Cool to 4°C

a All containers to have Teflon®-lined lids; VOA vials to have Teflon®-lined septa.
b Samples chosen for QA/QC analyses require double the number of containers indicated.

Hasfs<
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5.4.6 Field Equipment Decontamination

The following decontamination procedures will apply to split spoons, hand augers, stainless steel
bowls and spoons, and ground-water bailers. The decontamination steps are as follows:

‘Hand wash with a bristle brush and a solution of Alconox (or equivalent).
Rinse thoroughly with tap water.
Spray-rinse with spectroscopic grade methanol.

Rinse thoroughly with tap water.

A A

(Teflon bailers only) Spray-rinse with 10 percent nitric acid, then rinse thoroughly
with tap water.

Final rinse with deionized water.

Air dry.

Wrap in aluminum foil,

The sampling equipment will be cleaned prior to each use in accordance with this procedure.
Field personnel will use clean disposable gloves to handle all decontaminated sampling
equipment.

All decontamination solutions will either be containerized in storage tanks on site or allowed to
drain into the a designated storm sewer; all liquid investigation-derived waste (IDW) will be
delivered to a sanitary sewer (City of Savannah).

5.5 FIELD DOCUMENTATION

Field sampling personnel must properly identify all samples taken in the field by using the
sample label affixed around the sample container. The sample label must contain the site name;
sample identification number; project number; the date, time, and location of sample collection;

designation of the sample as either grab or composite; notation of the type of sample (e.g.,
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ground water, soil, surface water); identification of any preservative(s) added; and the signature
of the sampler. The sample labels are to be placed on the bottles so as not to obscure any
QA/QC data on the bottles; sample identification information must be printed in a legible manner
using indelible ink. Field identification information must be sufficient to enable cross-reference
with the field notebook. The bound field notebook will have pre-numbered pages, and entries
will be made in indelible ink. The site manager will prepare a Daily Quality Control Report
(DQCR) as shown on Figure 5-1. The DQCR will include weather information at the time of
sampling, samples taken, field instruments and calibrations and will reflect any problems that

occurred in the field.

5.6 CORRECTIVE ACTION

The field analytical methods specified and sampling procedures are designed to prevent problems
before thé,y occur. Whenever a problem occurs, corrective action must be taken, Problems that
cannot be corrected on site will be communicated to the CESAS Project Manager within 24
hours of their occurrence. This will be followed up with a written record of the problem
containing a discussion of the corrective actions taken, their effectiveness, and the qualitative
and quantitative effect on the quality of the data. This written record will be provided to LAW
project team for use in their data evaluation. CESAS-EN-GH will be notified of any problems

which occur which cannot be corrected without compromising sample integrity.
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FIGURE 5-1
DAILY QUALITY CONTROL REPORT

REPORT No. CONTRACT No. ‘ DATE
LOCATION OF WORK
DESCRIPTION OF WORK
WEATHER RAINFALL (INCHES) TEMPERATURE MIN MAX
WIND DIRECTION
1. WORK PERFORMED
2. SAMPLES COLLECTED
3. PERSONNEL AND VISITORS AT SITE

SITE MANAGER:

HF
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6.0 SAMPLE PACKAGING, SHIPPING, AND DOCUMENTATION OF CUSTODY

After collection, the samples will be transported to the A-E Laboratory in such a manner as to
preserve their integrity. Field samples will be sent to the Iaboratory by an overnight courier
service within 24 hours of their collection or as soon as possible. This section presents the
procedures to be used to maintain sample integrity during shipment to the laboratory. The
A samples to be collected are expected to be low-concentration environmental samples rather than
hazardous or high concentration samples. The following sections present the procedures to be
used for sample packaging, sample transportation, and documentation of sample custody during
shipment.

6.1 SAMPLE PACKAGING AND SHIPPING

Sample shipment will be performed according to the protocols provided in the CESAD protocols
(USACE, 1990). The samples will be shipped to the A-E laboratory by an overnight courier
service. No sample shall remain on site for more than 24 hours after collection unless previous
-arrangements have been made with the laboratory, i.e., weekend sampling. Sample containers
for low concentration samples will be placed inside sealed plastic bags as a precaution against
cross-contamination due to leakage or breakage. They will be placed in coolers supplied by the
A-E laboratory in such a manner as to eliminate the chance of breakage during shipment. Ice
in plastic bags will be placed in the coolers to keep the samples at 4 degrees Celsius throughout
shipment. Special arrangements will be made with the laboratory’s point-of-contact for samples
that are to be delivered to a laboratory on a Saturday so that hold times and/or sample

preservations are not compromised.

Ali field samples shall be sent to Lancaster Laboratories, at the following address:
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Lancaster Laboratories, Inc.

2425 New Holland Pike

Lancaster, PA 17601-5994

(717) 656-2301 : -

The split samples will be sent to the USACE South Atlantic Division Lab. CESAS will be
notified by telephone at least one week prior to the projected arrival of QA samples. Saturday
arrival of samples will be cleared in advance with CESAS Lab. The QA samples will be sent

to:

Blaise Willis

U.S. Ammy Engineer, South Atlantic Division
Attention: CESAD

611 South Cobb Drive

Marietta, Georgia 30060-3112

(404) 421-5295

In order to demonstrate that the samples and coolers have not been tampered with during
shipment, custody seals will be used. Custody seals are adhesive labels that are placed across
the sample lids and the cooler seals in such a manner that they will be visibly disturbed upon
opening of the sample container or cooler. The seals will be initialed and dated by the samplers.

Upon receipt at the laboratory, the sample custodian will note the condition of custody seals.

6.2 DOCUMENTATION OF SAMPLE CUSTODY

Documentation of the chain-of-custody of the samples is necessary to demonstrate that the
sample integrity of the samples has not been compromised between collection and delivery to
the laboratory. Each cooler will be accompanied by a chain-of-custody (COC) record to
document the transfer of custody from the field to the A-E laboratory. Figure 6-1 presents an
example of the form to be used. All information requested by the COC record will be
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completed. In addition, the airbill number assignéd by the overnight courier will be listed on
the COC record. One copy of the COC form (usually pink) will be retained by the samplers.
The remaining pages will be sealed in a plastic bag and placed inside of the cooler. Upon
receipt at the A-B laboratory, the COC forms will be completed. The laboratory shall also

complete a Cooler Receipt as shown in Figure 6-2 to document sample integrity upon receipt.

6.3 SAMPLE RECEIPT

Samples received at Lancaster are delivered immediately to the Sample Control Center. All
shipping containers and security seals, when appropriate, are inspected for physical damage or

evidence of tampering.

The samples are unpacked in the sample receiving area by the sample custodian. The method
of shipment, shipping container, integrity of the security seal, and accompanying documentation
are noted. Sample identification is verified against custody documents. The COC forms, when
required, are completed. The temperature (and pH of samples preserved by acids and/or bases)
is checked on receipt and the condition noted on the Cooler Receipt Form. If any problems are

detected, clients are notified to determine further action.

6.4 CORRECTIVE ACTION

Sample packaging and shipment will conform to the protocols in the CESAS (USACE, 1990).
These protocols are designed to preclude problems before they occur. Any problems that cannot
be corrected will be documented and communicated by the laboratory Client Service Coordinator
to the lab QA officer and to the LAW project manager within 48 hours of their occurrence,
This will be followed up with a written record of the problem(s) including a discussion of the
action taken and its effectiveness in resolving the problem. This written record will be provided
to the LAW project team for use in their data evaluation. CESAS-EN-GH will be notified of

any problems which occur which cannot be corrected without compromising sample integrity.
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FIGURE 6-2

COOLER RECEIPT FORM Contractor Cooler
LIMS# MRD Cooler #
) Number of Coolers
PROJECT: Date received

USE OTHER SIDE OF THIS FORM TO NOTE DETAILS CONCERNING CHECK-IN PROBLEMS

A. PRELIMINARY EXAMINATION PHASE: Date cooler was opened:
by (print) (sign)
1. Did cooler come with a shipping sllp (alr Bl ete.) 7 suvevessesrerssnasvssasssscsrarocssessarescsscsasssesss TES NO
If YES, enter carrier name & alr bill number here:
2. Were custody seals on outside of cooler 2 ., .. .vusurrssessereresecnsvsssresassssssvsscscsssssassecsnsss YES NO
How many & where: ,sealdate: _ =, seal name
3. Were custody seals unbroken and intact at the date and Hime of arfval? |, .. ... ..svevessvossevassscsvssvessasses, TES NO
4. Did you screen samples for radioactivity using the Geiger COUNEI? .....cevvevrvsvvcecvvasssscasssvsssassnvss YES NO
5. Were custody papers sealed in a plastic bag & taped insldetothe lid? «o..eveuevierescarsenrasereannanesessesas YES NO
6. Were custody papers filled out properly (ink, signed, 816.)? ... ...vivivaeessscacncsrascnsassssrasscssacssnssss YES  NO
. Did you slgn custody papers in the appropriate PIace? ... ...uueesuvvvrssssosvsssissssssssivssvssssssvsveses TES NO
J. Was project identiflable from custody papers? If YES, enter projects name at the top of this form. YES NO
9. If required, was enough ice used?, ,,,.,.,., Typeofice: R L
10. Have designated person initial here to acknowledge receipt of cooler: (date}
B. LOG-IN PHASE: Date samples were logged-in:
by (print) (sign)
11, Describe type of packing in cooter:
12. Were all bottlas soaled In separate plasic bAGST +veeersererossrrrsesessessnrresssressnnsscanscevsesensses YES  NO
13, DIid all bottles arrive unbroken & were labals in good conditioN? vevvisesessccrecovososcossssonvasarnsreensses YES NO
14. Were all bottle labels complete (ID, date, time, signature, proservative, ete.) 7. veesresorennsceessesessscsasssssessss YES NO
15. DId all bottie tabals agree with custody papers? .........................................................- YES NO
16. Wera correct containers used for the tests indicated? ....ceveerrsnscscesscscsssssssesvrvatssasvsasenseneaves YES NO
17. Were correct preservatives added 10 Samples? ... ....euevesisassrsrasssssssnrssssssssssesssrssssnssssess JYES NO
18. Was a sufficient amount of sample sentfortests indicated? ......cveveuvasserscsscsnsssncssnsasscassssecsesess YES NO
19, Were bubbles absentin VOA samples? If NO, list by QA# YES NO
20. Was the project manager called and status discussed? If YES, give details on the back of this form. YES NO
21, Who was called? by whom? (date)
]
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7.0 LABORATORY CHEMICAL ANALYSIS

The purpose of this section is to present the analytical program. The acquisition of chemical
data is the focus of the field investigations. The information gathered will be the basis for the
evaluation of the nature and extent of the contamination and for the subsequent decisions
concerning remediation of the site. Analyses will be performed at Lancaster Laboratories, Inc.;
the analytical methods with the associated detection limits and QC procedures to be followed are
presented in the following sections. Reporting, evaluation of data quality, and corrective action
are also discussed in the following sections. A summary of Internal QC procedures and QC
acceptance criteria calibration and QC analysis with associated corrective actions are provided

in Appendix A-3.

7.1  DEFINITIONS

The following sections provide definitions for some of the terms utilized with respect to the

chemical analysis procedures and the associated QC procedures to be performed.

7.1.1 Method Blank

The method blank is a blank sample created by the laboratory that is carried through all stages
of the sample preparation and analysis procedures. 1t is designed to demonstrate that
contamination of the samples by the laboratory is under control. Possible sources of such an

analytical bias are reagents, glassware, and/or the analytical system itself.

7.1.2 Matrix Spike/Matrix Spike Duplicate

The matrix spike and matrix spike duplicate (MS/MSD) are QC samples prepared by the

laboratory to assess accuracy and precision. During sample preparation, two additional aliquots
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of a field sample are spiked with known amounts of specified analytes. The sample, MS, and
MSD are then prepared and analyzed as any other sample. Bias can be assessed by calculating
the amount of the analyte spiked that is recovered. Precision can be assessed by calculating the
relative percent difference (RPD) between the results for the spiked analytes in the MS and
. MSD.

7.1.3 Surrogate Spike

A surrogate spike is similar to a matrix spike in that a known amount of an analyte is added to
the sample during sample preparation. For those analyses for which surrogate spikes are
performed (organic analyses utilizing gas chromatography), each sample is spiked with a
compound that behaves in a similar manner to that of the analytes of interest. Surrogate
recoveries are calculated and are used to evaluate the sample preparation and analysis

procedures.

7.1.4 Method Of Standard Additions

The method of standard additions (MSA) is a calibration technique which allows the analysis of
analytes in sample matrices that ordinarily would degrade the accuracy of the data. The
performance of the MSA consists of preparing two or more aliquots of a sample. Known
amounts of the analyte are added to all but one of the aliquots. The resuits of the spiked
aliquots can be used to establish a second calibration curve. H this new calibration curve has
the same slope as the original, then the analysis is free from interferences. If the new
calibration curve’s slope is different, then an interference has occurred and the new curve can

be used to calculate the amount of the analyte present in the sample.

7.1.5 Laboratory Operations

Laboratory operations for Lancaster are described in the following subsections.
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7.1.5.1 Sample Custody - Samples are unpacked and inspected in the sample receipt area. At
this time, the samples are examined for breakage and-agreement with the associated client
paperwork. The cooler temperatures will be checked upon receipt and recorded. As the
samples are unpacked, the sample label information will be compared to the chain-of-custody
record and any discrepancies or missing information will be documented. If necessary, the
cooler will be closed and placed in cold storage until instructions and resolution of any

discrepancies are received from the client.

A member of our Sample Administration Group will act as sample custodian for the project.
To ensure accountability of our results, a unique identification number is assigned to each
sample as soon as possible after receipt at the laboratory. When samples requiring preservation
by either acid or base are received at the laboratory, the pH will be measured and documented,
with the exception of samples designated for volatile analysis. Samples requiring refrigeration
will be stored in our walk-in cooler which is maintained at 4 degree Celsius plus or minus 2
degrees Celsius. The use of our computer system in tracking samples (by the Lancaster sample
number assignment) will control custody of the sample from receipt until the time of its disposal.
The security system on our laboratory building allows us to designate the entire facility as a
secure area since all exterior doors are either locked or attended. Therefore, hand-to-hand chain

of custody is not required.

7.1.5.2 Sample Identification - Upon receipt of samples by the laboratory, each field sample

is assigned a unique laboratory sample identification number.

7.1.5.3 Sample Custody Records - All samples leaving the field must at a minimum be
accompanied by a chain of custody prior to arrival at the laboratory. Incoming samples should
be accompanied by a Chain-of-Custody (Figure 6-1) and an Analytical Request Form completed

in the field. In the event that this form does not accompany the incoming samples, the Lancaster
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Sample Custodian will inform the Lancaster COE Project Manager who will initiate a telephone
call to the LEGS Project Manager for corrective action.

7.1.6 Parameters for Off-Site Geotechnical Analysis

During drilling, two soil samples will be collected from approximately 20 percent of the
boreholes for geotechnical testing. In each sampled boring, one sample will be collected rom
above the water tables, a second sample will be collected from below the water tables. Sampling
will be performed using a split spoon sampler using standard sampling techniques (ASTM D
1586-84; ASTM D 1587-83). Samples will be stored in plastic or glass jars pending analysis.
All samples will be visually classified according to the Unified Soil Classification System
(USCS). Geotechnical analytical parameters are described below.

7.1.6.1 Grain Size Distribution Analysis (ASTM D 421-85 and 422-63) - This analysis classifies

each sample as to its lithology and degree of sorting. The grain size analysis is one factor used
in determining hydraulic conductivity. The sample is prepared for size determination by air
drying and sieving with a No. 10 sieve. The distribution of particle size larger than 75 um is
determined by sieving, while the distribution of particle size smaller than 75 pm is determined
by a sedimentation process using a hydrometer.

7.1.6.2 Moisture Content (ASTM D 2216-80) - This analysis determines the percentage of
water in the soil. Moisture Content is useful in estimating soil consistency, compressibility and
strength. A test specimen is dried in an oven to a constant mass. The loss of mass due to
drying is considered to be water. The water content is calculated using the mass of water and

the mass of the dry specimen.
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7.1.6.3 Atterberg Limits (ASTM D 423 and 424) - This analysis includes liquid limit (moisture
content at which a soil becomes liquid), plastic limit (moisture content at which a soil becomes

plastic), and plasticity index (the difference between the liquid limit and the plastic limit). The
determination of Atterberg Limits assists in confirming the visual classification of soils, indicates

soil consistency, and provides correlation to compressibility and strength.

7.2 CHEMICAI, ANALYSIS PROCEDURES

The following sections are presented as brief summaries of the chemical analysis requirements
for Hunter AAFTA. Table 7-1 provides analytical methods and holding times. Appendix A-3
contains a summary of calibration, QC analyses, and corrective actions, Table 7-2 through 7-4
provide method reporting limits. Further information on methodology can be obtained by
referencing the stated method(s) in SW-846, 3rd Edition.

7.2.1 Method Procedures

7.2.1.1 Method 6010 - EPA Method 6010 is used to analyze for barium and chromium. This
method uses an inductively-coupled plasma spectrometer (ICP) to measure element-emitted light
by optical spectrometry. Water samples will be acid digested for ICP and flame AA
spectrophotometers using Method 3005. Soil and sediment samples will be digested by Method
3050.

7.2.1.2 Method 7060, 7421 and 7740 - EPA Methods 7060, 7421 and 7740 are used to analyze

for arsenic, lead and selenium, respectively. This method uses a graphite furnace with Zeeman

background correction. A representative aliquot of a sample is placed in the graphite tube,
evaporated to dryness, charred to break down any complex matrix components, and atomized.

The analyte then absorbs the source radiation which is measured by a photosensitive device.
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TABLE 7-1

LABORATORY ANALYTICAL METHODS AND HOLDING TIMES

Hunter Army Airfield FTA
Savannah, Georgia

PARAMETER METHGQOD (a) HOILDING TIME (b)
SOIL/CONCRETE

Volatile Organics 8240 14 days
Semi~Volatile Organic Compounds 8270 14 days/40 days
RCRA Metals 6000/7000 6 months; 28 days for Hg
TPH 8015 (mod) 28 days
GROUND WATER

RCRA Metals® 6000/7000 6 months; 28 days for Hg
Semi-Volatile Organic Compounds 8270 7 days

Volatile Organics 8240 7 days

Total Petroleum Hydrocarbons 8015 (mod) 28 days

NOTES:

(a) Reference: SW-846, 3rd Edition, November 1986 (as revised)

Hg = Mercury

3551-0320.13R
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TABLE 7-2

DETECTION LIMITS FOR ANALYTES OF INTEREST
RCRA METALS
Hunter Army Airfield FTA
Savannah, Georgia

ANALYTICAL METHOD PQL for PQL for
Water Soil
ANALYTE Aqueouns Matrix Non-Aqueous Matrix (ug/L) (mg/ke)
Arsenic SW 7060 SW 3050/7060 10 2
Barium SW 3005/6010 SW 3050/6010 20 10
Cadmium SW 3005/6010 SW 3050/6010 10
Chromium SW 3005/6010 SW 3050/6010 20
Lead ' SW 3020/7421 SW 3050/7421 5
Mercury SW 7470 SW 7471 0.1 0.1
Selenium SW 7740 SW 3050/7740 1
Silver SW 3005/6010 SW 3050/6010 20 2
NOTES: PQL = Practical Quantitation Limit

pg/L = Micrograms per liter
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TABLE 7-3

DETECTION LIMITS FOR ANALYTES OF INTEREST FOR
VOLATILE ORGANIC COMPOUNDS BY EPA METHOD 5030/8240

Hunter Army Airfield FTA
Savannah, Georgia

PQL for PQL for

ANALYTICAL METHOD Soil Water
ANALYTE (ng/keg) (ug/L)
Acetone * EPA 5030/8240 10 100
Benzene * EPA 5030/8240
Bromodichloromethane * EPA 5030/8240
Bromoform * EPA 5030/8240 5
Bromomethane * EPA 5030/8240 10 5 .
2-Butanone EPA 5030/8240 io 100
{Methyl ethyl ketone) *
Carbon Disulfide * EPA 5030/8240 5
Carbon Tetrachloride * EPA 5030/8240 5
Chlorobenzene * EPA 5030/8240 5 5
Chloroethane * EPA 5030/8240 10 5
Chloroform * EPA 5030/8240 5 5
Chloromethane * EPA 5030/8240 10 5
Dibromochloromethane * EPA 5030/8240 5 5
1,1-Dichloroethane * EPA 5030/8240 5 5
1,2—Dich]oroeths'l-1'1.;";" ........ EPA 5030/8240 5 s
1,1-Dichloroethene * (Total) EPA 5030/8240 5 5
1,2-Dichloroethene * EPA 5030/8240 5 5‘
1,2-Dichloropropane * EPA 5030/8240 5 5
cis-1,3-Dichloropropene * EPA 5030/8240 5 5
Ethyl Benzene * EPA 5030/8240 5 5
2-Hexanone * EPA 5030/8240 10 50
Methylene Chloride * EPA 5030/8240 5 5
4-Methyl-2-pentanons * EPA 5030/8246. o 50
Styrene * EPA 5030/8240 5 5
Tetrachloroethene * EPA 5030/8240 5 5
Toluene * EPA 5030/8240 5 5
trans-1,3-Dichloropropene * EPA 5030/ 8240 5 5
1,1,2,2-Tetrachloroethane * EPA 5030/8240 5 5
1,1,1-Trichloroethane * EPA 5030/8240 . 5 5
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TABLE 7-3

DETECTION LIMITS FOR ANALYTES OF INTEREST FOR
VOLATILE ORGANIC COMPOUNDS
Hunter Army Airfield FTA
Savannah, Georgia . : -

PQL for PQL for
ANALYTICAL METHOD Soil Water
ANALYTE (ng'kg) (pg/L)
1,1,2-Trichloroethane * EPA 5030/8240 5 5
Trichloroethene * EPA 5030/8240 5 5
Vinyl Chloride * EPA 5030/8240 10 5
Xylenes (Total) * EPA 5030/8240 5 5

NOTES: PQL = Practical Quantitation Limit
ug/L = Micrograms per liter
pg’kg = Micrograms per kilogram
* = Compounds appearing on Target Compound List (TCL), 3/90 S.0.W,

Detection Hmits are highty matrix dependent. Sample size will be adjusted when necessary to mest the detection limit
criteria.
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TABLE 7-4

DETECTION LIMITS FOR ANALYTES OF INTEREST FOR

Hunter Army Airfield FTA
Savannah, Georgia

BASE NEUTRAL AND ACID EXTRACTABLE ORGANICS

ANALYTICAL METHOD PQL for PQL for
Soil Water
ANALYTE Non-Aqueous Matrix (nglkg) (ug/L)
Acenaphthene * EPA 3550/8270 330 10
Acenaphthylene * EPA 3550/8270 330 10
Anthracene ¥ EPA 3550/8270 330 10
Benzo(ajanthracene * EPA 3550/3270 332 o o
Benzo(g)pyrene * EPA 3550/8270 330 10
Benzo(b)fluoranthene * EPA 3550/8270 330 10
Benzo(g,h,i)perylene * EPA 3550/8270 330 10
Benzo(k)fluoranthene * EPA 3550/8270 330 10
bis(2-Chloroethoxy)methane * EPA 3550/8270 330 i0
bis(2-Chloroethyl)ether * EPA 3550/8270 330 10
bis(Chloroisopropyl)ether EPA 3550/8270 330 10
bis(2-Bthylhexyl)phthalate * EPA 3550/8270 330 10
4-Bromophenyl-phenylether ¥ EPA 3550/8270 330 10
Butylbenzylphthalate * EPA 3550/8270 330 0 -
4-Chloroaniline * EPA 3550/8270 330 10
4-Chloro-3-methylphenol * EPA 3550/8270 330 10
(para-chloro-meta-cresol)
2—Ch10rdnaphﬂlalene * EPA 3550/8270 330 10
2-Chlorophenol * EPA 3550/8270 330 10
4~Chlorophenyl—phe.13¥‘1"ether * EPA 3550/8270 330 o 10
Carbazole | EPA 3550/8270 330 10
Chrysene * EPA 3550/8270 330 10
Dibenz(a,h)anthracene * EPA 3550/8270 330 10
Dibenzofuran * EPA 3550/8270 330 10
1,2-Dichlorobenzene * EPA 3550/8270 330 10
1,3-Dichlorobenzene * EPA 3550/8270 0 1 0 ..............
1,4-Dichlorobenzene * EPA 3550/8270 330 10
3,3"-Dichlorobenzidine * EPA 3550/8270 660 25
2,4-Dichlorophenol * EPA 3550/8270 330 10
Diethylphthalate * EPA 3550/8270 330 10
Di-n-butylphthalate * EPA 3550/8270 330 10
3551-0320.13R l1of3
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TABLE 7-4

DETECTION LIMITS FOR ANALYTES OF INTEREST FOR
BASE NEUTRAL AND ACID EXTRACTABLE ORGANICS
Hunter Army Airfield FTA
Savannah, Georgia

ANALYTICAL METHOD PQL for PQL for
Soil Water
ANALYTE Non-Aqueous Matrix (nglke) (ug/L)
Di-n-octylphthalate * EPA 3550/8270 330 10
2,4-Dimethylphenol * EPA 3550/8270 330 10
Dimethylphthalate * EPA 3550/8270 330 10
4,6-Dinitro-2-methylphenol * EPA 3550/8210" ........ 1,700 %5 ............
2,4-Dinitrophenol * EPA 3550/8270 1,700 25 ‘
2,4-Dinitrotoluene * EPA 3550/8270 330 10
2,6-Dinitrotoluene * EPA 3550/8270 330 10
Fluoranthene * EPA 3550/8270 330 10
Fluorene * EPA 3550/8270 330 10
Hexachlorobenzene * BPA 3550/8270 330 10
Hexachlorobutadiene * EPA 3550/8270 330 10
Hexachlorocyclopentadiene * EPA 3550/8270 330 10
Hexachloroethage* EPA 3550/8270 330 10
Indeno(1,2,3-cd)pyrene * EPA 3550/8270 330 10
Isophorone * EPA 3550/8270 330 10
2-Methylnaphthalene * EPA 3550/8270 330 10
2-Methylphenol (o-cresol) * EPA 3550/8270 330 10
..‘S-Meﬂ:ylphenol (m-cresol) * EPA 3550/8270 - 10 ............
4-Methylphenol (p-cresol) * EPA 3550/8270 330 10
2-Nitroaniline * EPA 3550/82770 1,700 10
3-Nitroaniline * EPA 3550/8270 1,700 10 .
4-Nitroaniline * EPA 3550/82'29 .......... 1,700 10 )
2-Nitrophenol * EPA 3550/8270 330 0
4-Nitrophenol * EPA 3550/8270 1,700 25
Naphthalene * EPA 3550/8270 330 10
Nitrobenzene * BPA 3550/8270 330 10
N-Nitroso~di-n-¢li.i.1.:ropylamine e EBPA 3550/8270 330 10
N-nitrosodiphenylamine * EPA 3550/8270 330 o 10
2,2’-oxybisbis (1-Chloropropane) * EPA 3550/8270 330 10
Pentachlorophenol * EPA 3550/8270 1,700 25
Phenanthrene * EPA 3550/8270 330 10
3551-0320.13R 20of3
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TABLE 7-4

DETECTION LIMITS FOR ANALYTES OF INTEREST FOR
BASE NEUTRAL AND ACID EXTRACTABLE ORGANICS
Hunter Army Airfield FTA
Savannah, Georgia . -

ANALYTICAL METHOD PQL for PQL for
. - Sail Water

ANALYTE Non-Aqueous Matrix (ug/ke) (uglL)
Phenol * BPA 3550/8270 330 10
Pyrene * EPA 3550/8270 330 10
1,2,4-Trichlorobenzene * EPA 3550/8270 330 10
2,4,5-Trichlorophenol * EPA 3550/8270 1,700 10
2,4,6-Trichlorophenol * EPA 3550/8270 330 10

NOTES: PQL = Practical Quantitation Litmit
ug/L = Micrograms per liter
pglkg = Micrograms per kilogram
* Compounds appearing on Target Conpound List (TCL), 3/90 §.0.W.

1

Detection limits are highly matrix dependent. Sample size will be adjusted when necessary to meet the detection limit criteria,
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Lead may be analyzed by SW 6010 if the lead concentration is greater than 10 times the ICP
instrument detection limit (IDL).

7.2.1.3 Method 7470 and 7471 - EPA Methods 7470 and 7471 will be used to measure mercury
in waters and soils respectively. These methods measure mercury by aerating elemental mercury
from the sample and passing it through a cell positioned in the light path of an atomic absorption
spectrometer. The method includes the sample preparation procedures. An aliquot of sample
is acidified and then undergoes and heated, oxidative digestion with potassium permanganate and
potassium persulfate. To measure the mercury content of the digested sample, stannous

chloride, a reducing agent, is added to form elemental mercury.

7.2.1.4 Method 8240 - Analyses for volatile organics will be performed using EPA Method
8240. The method is performed by purging the volatile organic compounds of the sample and
capturing them using a purge and trap apparatus. The volatile organics are then desorbed from
the trap into the gas chromatograph (GC) where they are qualitatively separated and

quantitatively detected using a mass spectrometer.

7.2.1.5 Method 8270 - Semi-volatile organics include base-neutral and acid (BNA) extractable
organic compounds and will be analyzed using Method 8270. The preparation utilizes EPA
Methods 3510 for waters and 3550 for soils. In EPA Method 3510, one liter of aqueous sample
is placed into separating funnel, adjusted to a specified pH, and serially extracted with organic
solvent. In EPA Method 3550, 2 to 30 grams of soil sample, depending on the expected
concentration, is mixed with anhydrous sodium sulfate to form a free-flowing powder. This
solvent is extracted one to three times using sonication. The extract is separated from the
sample by vacuum filtration. The extract for both liquids and soils is then dried with sodium
sulfate, and concentrated. This sample extract is directly injected into a GC in which the semi-

volatile organics are qualitatively separated and quantitatively detected with a mass spectrometer.
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7.2.1.6 Method 8015 (modified) - Analysis for extractable petroleum hydrocarbons will be
performed using a modified EPA Method 8015. The method is performed by extracting the
petroleum hydrocarbons from the sample and injecting them onto a gas chromatograph equipped
with a flame ionization detector. The petroleum hydrdcarbons are separated on the gas

chromatographic column and quantitated by the flame ionization detector.

7.2.2 Detection Limits and Quantification Criteria

7.2.2.1 Terminology - Each analytical parameter concentration will be reported as a specific
number or less than the Limit of Quantitation (LOQ). Water values will be reported in parts
per billion (ppb, ug/L) concentrations for organics and in parts per million (ppm, mg/L) for
inorganics. Soil values will be reported in ppb (ug/Kg) for the organic analyses, and in parts
per million (ppm, mg/Kg) for the metals analyses. The Method Detection Limit (MDL) is
defined as the minimum concentration of a substance that can be measured and reported with

09 percent confidence that the value is above zero.

7.2.2.2 Procedures - The following procedures are used by Lancaster to establish limits of

detection and quantification.

Method Detection Limits (MDLs) are established using the required EPA procedure specified
in 40 CFR Part 136 Appendix B. This procedure is described in the following section. A data
pool of at least seven standards analyzed at a concentration approximately 3 times the anticipated
MDL is generated. The standard deviation of the seven standards is calculated using the

following equation:
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where

X;; i = 1 to n, analytical results in the final method reporting units obtained from the n

sample aliquots and I refers to the sum of the X values fromi = 1 ton

The MDL is estimated by employing the "t" distribution with a 99 percent confidence interval
by the following equation:

MDL = (t) (S) where

t - is a factor for n-1 degrees of freedom
at the 99 percent confidence factor

S - is the standard deviation (see previous
definition) of the data pool

Instrument Detection Limits (IDL) are established by the EPA CLP protocol by generating a data
pool by analyzing a minimum of seven standards at 3 times the anticipated IDL on three non-
consecutive days. The standard deviation (S) of the seven data points for each of the three days
is calculated and the IDL established by the following equation:

IDL = 81 + 82 + 83

Practical Quantitation Limits (PQL) in the common sense are a function of sample matrix but

in the limit of a matrix devoid of any interferences. PQL is calculated as follows:

PQL = 10 * S

where S is the standard deviation of the
data used to determine MDL
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The matrix used for these studies is spiked reagent water processed through the appropriate
analytical procedure.

7.2.2.3 YValues - The laboratory established detection and quantitation limits for Lancaster are
listed in Tables 7-2 through 7-4.

7.2.3 Method Calibration

The calibration procedures, preparation of calibration standards, and frequency of initial and
continuing calibration checks as performed by Lancaster are described for each analytical method
in the following subsections. A summary of the calibration and internal quality control

procedures is in Appendix A-3.

7.2.3.1 YVolatile and Semi-Volatile Organics by Gas Chromatography/Mass Spectrometry
(GC/MS) - Analyses performed on the GC/MS will follow EPA Methods. This includes the

following calibration procedure:

1. Instrument calibration will be performed every 12-hour time period. The
GC/MS will be tuned to meet ion abundanée criteria given in Tables 7-5
and 7-6 for Bromofluorobenzene (BFB) and 4- decafluorotriphenyl-
phosphine (DFTPP), respectively.

2. Initial calibration will be performed on calibration standards at five
concentration levels containing each compound of interest and each

surrogate standard,

The relative retention time (RRT) of each compound in each calibration

run should agree within 0.06 RRT units. The average relative response
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TABLE 7-5

BFR KEY IONS AND ABUNDANCE CRITERIA®
Hunter Army Airfield FTF
Savannah, Georgia

MASS ION ABUNDANCE CRITERIA

50 15-40% of mass 95

75 30-60% of mass 95

95 base peak, 100% relative abundance

9 5-9% of mass 95

173 less than 2% of mass 174

174 less than 50% of mass 95

175 5-9% of mass 174

176 greater than 95% but less than 101% of mass 174
177 5-9% of mass 176

® EPA Method 8240, SW-846, 3rd Edition, November 1986.
Note: Adapted from Lancaster Laboratories QAPP
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TABLE 7-6

DFTPP KEY IONS AND ABUNDANCE CRITERIA®
Hunter Army Airfield FTA
Savannah, Georgia

MASS ION ABUNDANCE CRITERIA
51 30-60% of mass 198

68 <2% of mass 69

70 <2% of mass 69

127 40-60% of mass 198

197 <1% of mass 198

198 Base peak, 100% relative abundance
199 5-9% of mass 198

275 10-30% of mass 198

365 >1% of mass 198

441 Present but less than mass 443
442 >40% of mass 198

443 17-23% of mass 442

°I.W. Eichelberger, L.E. Harris, and W.L. Budde. "Reference Compound to Calibrate Ion Abundance
Measurement in Gas Chromatography-Mass Spectrometry,” Analytical Chemistry, 47, 995 (1973).

Note: Adapted from Lancaster Laboratories QAPP

35510320.13R 7-18 CHECKED/DATE:

PREPARED/DATE: ,4/4 2 ?/ ¢ f/'f..-{
> 7/28 /9



factor (RRF) and percent relative standard deviation (%RSD) is calculated
for each compound. The RRF for the System Performance Check
Compounds (SPCC) (Volatiles: Chloromethane, 1,1-Dichloroethane,
Bromoform, 1,2,2-Tetrachloroethane, Chlorobenzene; and Semi-volatiles;
N-nitroso-di-n-propylamine, Hexachlorocyclopentadiene,
2,4-Dinitrophenol, 4-Nitrophenol) must be greater than or equal to 0.300
(0.250 for Bromoform) for volatiles and must be greater than or equal to
0.050 for semi-volatiles, The %RSD for the Calibration Check
Compounds (CCC) (Volatiles: Vinyl chloride, 1,1-Dichloroethene,
Chloroform, 1,2-Dichloropropane, Toluene, Ethylbenzene; Semi-volatiles
Base/Neutrals: Acenaphthene, 1,4-Dichlorobenzene, Hexachloro-
butadiene, N-Nitroso-di-n-phenylamine, Octylphthalate, Fluoranthene,
Benzo(a)pyrene; Semi-Volatile Acids: 4-Chloro-3-methylphenol, 2,4-
Dichlorophenol, 2-Nitrophenol, Phenol, Pentachlorophenol, 2.,4,6-
Trichlorophenol) must be less than 30 percent. The %RSD for the other
compounds should be less than 30 percent. If not, a notation is made in

the sample documentation.

3. After the preparation of each new initial five-point calibration curve and
- after tune criteria are met for each 12-hour time period, the initial
calibration is verified (using a midpoint calibration standard containing all
analytes) prior to running any samples. This initial calibration verification

(ICV) must satisfy the above SPCC criteria. In addition, the percent
difference (%D) for the CCC must be less than or equal to 25 percent for

the volatiles and less than or equal to 30 percent for the semi-volatiles.

If these criteria are not met for any single CCC, corrective action must be

taken or a new five point calibration must be performed.

4, Internal standards for GC/MS volatiles will be added to each sample,
standard and reagent water blank. The final concentration of each internal
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standard will be 50 ug/L for SW8240 and 10 ug/L for SW8260. The
internal standards are as follows:

. Bromochloromethane
. 1,4-Difluorobenzene
. Chlorobenzene-d;

Table 7-7 presents the volatile analytes quantitated by each internal
standard.

Internal standards for GC/MS semi-volatiles will be added to each sample,
standard, and reagent water blank. The final concentration of each
internal standard will be 40 nanograms per microliter (ng/uL). The
internal standards are as follows:

* 1,4-Dichlorobenzene-d,
. Naphthalene-d,

. Acenaphthene-d,q

. Phenanthrene-d,,

. Chrysene-d,,

. Perylene-d,,

Table 7-8 presents the semi-volatile analytes quantitated by each internal
standard.

7.2.3.2 Metals by Inductively Coupled Plasma (ICP) - Meta! analyses on the ICP will follow
current EPA SW846 method procedures. Instrument must be calibrated daily or once every 24

hours and each time instrument is set up. This includes the following calibration procedure:
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TABLE 7-7

VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES
ASSIGNED FOR QUANTITATION

Hunter Army Airficld FTA
Savannah, Georgia

BROMOCHLOROMETHANE 14—-DIFLUOROBENZENE CHILOROBENZENE—d5
Acetone Benzene Bromoflucrobenzene*
Bromomethane Bromodichloromethane Chlorobenzene
2-—-Butanone (metylethyl ketone) Bromoform Lthylbenzene
Carbon disulfide Carbon tetrachloride 2—Hexanone
Chloroethane 2—Chloroethyl vinyl ether 4—Methyl—2—pentanone (methyl isobutyl ketone’
Chloroform Dibromochloromethane Styrene
Chloromethane 1,2—Dichloropropane 1,1,2,2-Tetrachloroethane
1,1-Dichloroethane cis—1,3—Dichloropropene Tetrachioroethene
1,2—Dichloroethane trans—1,3—Dichloropropene Toluene

1,2-Dichloroethane—d4*
1,1—Dichloroethene

1,1,1—Trichloroethane
1,1,2—Trichloroethane

Toluene—d8*
Xylenes, total

trans—1,2—Dichloroethene Trichloroethene
Methylene chloride Vinyl acetate
Vinyl chloride

* Surrogate

Note: Information adapted from Lancaster Laboratories QAPP
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1, Verify instrument is operating satisfactorily by checking automatic gain sefting
and optical alignment.

2. Calibrate instrument with matrix matched mixed standards at four concentration
levels and a blank, The correlation coefficient must be greater than or equal to
0.995.

3. Verify the calibration with a second source Initial Calibration Verification (ICV)
standard. The observed result must be plus or minus 10 percent of the expected

value,

4, Verify the calibration blank. The observed result must be less than three times
the detection limit.

5. Verify low-level standard calibration.

6. Every 10 samples, a Continuing Calibration Verification (CCV)/Continuing
Calibration Blank (CCB) pair is run which must be plus or minus 10 percent of
expected value and less than three times detection limit, respectively.

7. Check for interferences. An interference check solution must be analyzed at the
beginning and at the end of the run (or at least every eight hours); refer to EPA
Methods for acceptable limits which are plus or minus 20 percent. The

interference check solution contains aluminum, calcium, iron, and magnesium,

7.2.3.3 Metals by Graphite Furnace Atomic Absorption (GFAA) - Metal analyses performed
on the GFAA will follow current EPA SW 846 Methods. Instrument must be calibrated daily

or once every 24 hours and each time the instrument is set up. This includes the following

calibration procedures:
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1. The lamp must be peaked for position and for wavelength (the temperature of the
furnace is automatically calibrated at 2,600 degrees centigrade).

2. After the proper conditions for each element are programmed for furnace
operation, distilled water is injected and run as a sample. This is done several

times until the instrument response produces a steady base line absorbance.

3. Verify instrument is operating satisfactorily by checking the energy output of the
lamp and by checking the characteristic mass on the midpoint standard, which

must be plus or minus 10 percent of the true value for that standard.

4, Calibrate instrument with four standards and a calibration blank. The calibration

curve must have a correlation coefficient of greater than or equal to 0.995.

5. Verify the calibration with a second source Initial Calibration Verification (ICV)
standard. The observed result must be within plus or minus 10 percent of the

expected result.

6. Verify the calibration blank. The blank must be less than three times detection
limit.

7. Verify low level standard calibration.

8, Every 10 samples, a Continuing Calibration Verification (CCV) and Continuing
Calibration Blank (CCB) pair is run and must be plus or minus 10 percent of
expected value and less than three times the detection limit, respectively.

7.2.3.4 Cold-Vapor Atomic Absorption (CVAA) - Mercury analyses performed on the CVAA
will follow current EPA SW846 methods. Instruments must be calibrated daily or once every
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24 hours and each time the instrument is set up. This includes the following calibration

procedure.
1. Optimize instrument setting and alignment by maximizing the energy
setting.
2. Align cell minimizing absorbance reading.
3. Calibrate instruament with standards at five concentration levels and a

blank. The correlation coefficient must be greater than or equal to (.995,

4. Verify calibration by running an ICV standard and an initial calibration
blank (ICB). The observed result of the ICV must be within plus or
minus 10 percent of the expected value and the observed result of the
calibration blank must be less than the detection limit.

5. Analyze a CCV/CCB pair every 10 samples. The response must be
within 20 percent of the initial response and less than the detection limit,

respectively.

7.2.3.5 Gravimetric Analyses - The total suspended solids and total dissolved solids analyses
fall into this category. Each analysis depends greatly on the accuracy of the balance used. for
this reason, balances are calibrated weekly. The recorded weight must agree within 0.1 percent

of the expected value.
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7.3 DATA REDUCTION, VALIDATION, AND REPORTING

The following section describes the reduction, validation, and reporting of data employed after
samples are analyzed. ’

Raw analytical data generated in the laboratories is collected on printouts from the instruments
and associated data system or manually inbound notebooks. Analysts review data as it is
generated to determine that the instruments are performing within specifications. This review
includes calibration checks, surrogate recoveries, blank checks, retention time reproducibility.

If problems are noted during the analytical run, corrective action is taken and documented.

Each analytical run is reviewed by a chemist for completeness and accuracy prior to
interpretation and data reduction. The following calculations are used to reduce raw data to
reportable results.

GC/MS calculation used by the data system to determine concentration in extract for semi-

volatiles or in the sample itself for volatiles:

Q = (dx) (Is) / (Als) (RRF) (Vi)

where:
AX = peak area
Is = internal standard peak area
RRF = relative response factor
Vi = volume of extract injected (ul) or volume sample purged (ml)

The extract concentration is further reduced by considering the initial sample weight or volume

and the final extract volume:
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Concentration = (Q) (D) (F) (1000) / (1)

where:
= concentration determined by the data system -
dilution factor if needed

= final extract volume (ml)

= o0
Il

= 1initial sample weight (grams) or volume (mi)

Results are reported in pg/l for water samples and ug/kg for solid samples. Solid samples are
reported on a dry-weight basis. The results are reported on LLI Analysis Report Forms.

For Volatiles by GC, a five-point external calibration procedure is used. The resulting point-to-
point calibration curve is used by the data system to calculate analyte concentrations. The

equations that the data system uses for calculating analyte concentrations are shown below.

A. When analyte peak height, Hx, falls between the peak heights of two calibration points,
Hn and Hn + 1, the analyte concentration is calculated as follows when using a point-to-

point calibration curve:

Concentration = ([(Hx - Hn) / 8] + An) x (DF)
S=(Hn+1-Hn)/(An + 1 - An)

where:

Hx = analyte peak height

Hn + 1 = analyte peak height in the n + 1 calibration level

S = slope between the n and n + 1 calibration points for the
analyte

An = the concentration of the analyte in the nth calibration level

An + 1 = the concentration of the analyte in the n + 1 calibration
level

DF = dilution factor
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B. When the analyte peak height is below the peak height for the lowest calibration
standard, the analyte concentration is calculated as follows when using a point-to-point

calibration curve with extrapolation to zero:

Concentration = f(Hx) x (AI / HI})] x (DF)

where:
Hx = analyte peak height
Al = concentration of analyte in the first calibration level
HI = analyte peak height in first calibration level
DF

= dilution factor

Results are reported in ug/1 for water samples and in ug/kg for solid samples. Soil samples are

reported on a dry-weight basis.

The results for the Pesticide/PCBs analysis are calculated using the following equation:

Concentration = (Ax) (Is) (Vt) (DF) / (4As) (Vi) (Vs)

where:
Ax = peak height for the parameter being measured
Is = amount of standard injected (ng)
Vit = volume of total extract (ul)
DF = dilution factor, if needed
As = peak height for the external standard
Vi = volume of extract injected (ul)
Vs = volume (ml) or weight (gm) of sample extracted

The results for inorganic analyses are calculated using the following equation:
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Concentration = (A) (D) (E) / (F)

where:
A = the concentration determined by AA, ICP, or FTIR using
calibration data programmed into the instrument (mg/1)
D = dilution factor if needed

final extract volume (ml)

es]
]

E = initial sample volume (ml) or weight (gm)

Results are usually reported in mg/l for water samples and in mg/kg for solid samples, Soil
samples are reported on a dry-weight basis. The results are reported on LLI Analysis Report

Forms.

The principle criteria used to validate data will be the acceptance QC criteria and protocols
specified in labdratory SOPs. Following review, interpretation, and data reduction by the
analyst, data is transferred to the laboratory sample management system either by direct data
upload from the analytical data system or manually. This system stores client information,
sample results, and QC results. A security system is in place to audit trail for information
changes. The data is again reviewed by the group leader or another analyst whose function is
to provide an independent review and verified on the sample management system. The person
performing the verification step reviews all data including quality control information prior to
verifying the data. Any errors identified and corrected during the review process are
documented and addressed with appropriate personnel to ensure generation of quality data. The
laboratory will complete the appropriate Data Package forms summarizing the quality control
information, and transfer copies of all raw data (instrument print-outs, spectra, chromatograms,
laboratory notebooks, etc.) to the -Data Package Group. This group will combine the
information form the various analytical groups and the analytical reports from the laboratory
sample management system into one package in the U.S. Army COE format. This package is

reviewed by the Quality Assurance Department for conformance with SOPs and to ensure that
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all QC goals have been met. Any analytical problems are discussed in the case narrative, which
is also included with the data package deliverables.

The validation of the data by the Quality Assurance Department includes spot checking raw data
versus the final report, checking that all pertinent raw data is included and does refer to the
samples analyzed, review of all QC results for conformance with the method, and review of the
case narrative for description of any unusual occurrences during analysis. This validation is
performed using techniques similar to those used by the Sample Management Office for the
USEPA’s Contract Laboratory Program. The validation performed by the laboratory does not
address useability of the data, which usually requires some knowledge of the site.

The laboratory sample management system is programmed to accept and track the results of
quality control samples including blanks, surrogates recoveries, duplicates, controls, and
reference materials. The computer is programmed with the acceptance criteria for each type of
QC sample and will display an out-of-spec message if the data is not within specifications. All
data outside of specifications appears on a report to the Quality Assurance Department on the
next working day. These are reviewed by the Quality Assurance Department for severity of the
problems and trends in the data. The reports are then sent to the analytical groups for the
purpose of documenting the corrective action taken. The sample management system also
produces control charts and has searching capabilities to aid in data review. The flow of data
from the time the samples enter the laboratory until the data is reported are summarized in
Table 7-9.

Any data recorded manually will be collected inbound notebooks. All entries will be in ink,
with no erasures or white-out bei.hg permitted. Any changes in data wili be made using a single
lien to avoid obliteration of the original entry and will be dated and signed. Any data resulting
from instrument printouts will be dated and will contain the signature and/or identification of the
analyst responsible for its generation. After copies of the data are incorporated into the data
package deliverables, the originals will be stored in locked archives at the laboratory for a period

of five years.
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TABLE 7-9

SAMPLE AND DATA ROUTING AT LANCASTER LABORATORIES, INC.
Hunter Army Airfield FTA
Savannah, Georgia

Action Personnel Involved
Sample received at Lancaster Sample Administration
Sample is entered onto sample management system (lab Sample Administration

ID number assigned, analyses scheduled, chain of
custody started, storage location assigned)

Sample stored in assigned location (refrigerator, freezer, Sample Support
efc.)

Acknowledgement sent to client Sample Administration
Removed from storage for analysis; necessary aliquot Technical Personnel

taken and sample returned to storage

Analysis is performed according to selected analytical Technical Personnel
method; raw data recorded, reviewed, and transferred
to computer by chemist or technician®

Computer performs calculations as programmed Data Processing
according to methods

Chemist or supervisor verifies raw data Technical Personnel
Data package deliverables are assembled Data Package Group
Data packages are reviewed prior to mailing Quality Assurance Department

Laboratory Management

* Analyses requiring the chemist’s interpretation may involve manual data reduction prior to entry
onto the computer.
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Project files will be created per client/project and will contain chain-of-custody records, analysis
requirements, and laboratory acknowledgements which document samples received, laboratory
sample number assignment, and analysis requested. Raw data is filed per batch number
assignment and laboratory sample number which correlates to the sample receipt documents,
When the project is complete, all documentation is archived in a limited access area and retained

for ten years.

Laboratory Quality Control Procedure and Acceptance Limits

Appendix A-3 presents tables which summarize the internal QC procedures for the analytical
methods planned for this project.

7.4 PERFORMANCE AND SYSTEM AUDITS

System audits are conducted on each department at Lancaster by members of the Quality
Assurance Department. The audits include checks on methodology, reagent preparation,
equipment calibration and maintenance, quality control results, and training of personnel. The
results of the audits and corrective action, where necessary, are communicated to laboratory
personnel and management by means of a written report. Audits by outside organizations
including clients, regulatory personnel, and the USEPA are permitted by arrangement with the
Quality Assurance Department. |

The Quality Assurance Department reviews summaries of the quality control data entered into
the computerized sample management system by analysts. Control charts and statistics are
reviewed for trends which may indicate problems with the analytical data. In this way, small

problems are identified before they have any significant impact on laboratory results.

Performance audits consist of both intralaboratory and interlaboratory check samples. Blind

samples containing known amounts of target analytes are prepared by the Quality Assurance
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Department and submitted to the laboratories under fictitious client names. In addition, QC
samples from commercial suppliers are analyzed quarterly to assess laboratory accuracy.
Lancaster also participates in a number of intcrlaboratory'performance evaluation studies which
involve analysis of samples with concentrations of analytes that are known to_the sponsoring
organization, but unknown to the laboratory. Inorganics, pesticide/herbicides, trihalomethanes,
volatile organic compounds, semi-volatile organic compounds, and traditional wet chemistry
analyses are analyzed by Lancaster for studies conducted by the USEPA and the New York
Department of Health and the U.S. Army Corps of Engineers.

7.5 PREVENTIVE MAINTENANCE

In order to ensure timely production of data, Lancaster schedules routine preventive maintenance
of instruments based on manufacturer’s recommendations. Maintenance of the laboratory
instruments is the responsibility of the technical group using the equipment in conjunction with
our in-house Equipment Maintenance Group. A schedule of routinely performed instrument
maintenance tasks is attached as Table 7-10. All preventive maintenance, as well as mainfenance

performed as corrective action, is recorded in instrument logs.

Critical spare parts are kept in supply at the laboratory by the Equipment Maintenance Group.
Most items not kept in stock at the laboratory are available through overnight delivery from the
manufacturer. In addition, Lancaster maintains multiple numbers of most of the critical
instruments used in our laboratory operations. Because Lancaster is a large laboratory with

redundant capacity, the problems or instrument downtime are minimized.

7.6  FIELD AND LABORATORY PROCEDURES USED TO ASSESS DATA QUALITY
INDICATORS

The methods and definitions of quality control/quality assurance procedures are described in the

following text.
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TABLE 7-10

Savannah, Georgia

PREVENTIVE MAINTENANCE SCHEDULE
Hunter Army Airfield FTA

Instrument Preventive Maintenance Frequency
GC/MS Change septum Weekly or AN*
Check fans Monthly
Check cool flow Monthly
Clean source Bimonthly or AN
Change oil in vacuum pump Semiannually
Change oil in turbo pump Semiannually
GC Volatiles Check propanol level Semiweekly or AN
Check all flows Prior.to calibration or AN
Conductivity Detector Maintenance AN
Clean cell AN
Change reaction tube AN
Change Teflon line AN
Change resin AN
Replace trap AN
Column Maintenance AN
Change PID Lamp AN
Precalibration instrument Prior to each calibration
settings check Prior to each calibration
GC Septum change Each run
Column maintenance AN
Clean detector AN
Vacuum filters Semiannually
Leak check ECDs Semiannually
Flame AA and Hydride  Rinse burner head, chamber, and trap AN: Minimum weekly
Generation AA Clean nebulizer Weekly
Inspect tubing and OQ-rings Monthly
Replace lamp AN
GFAA Rinse workhead assembly Weekly
Clean windows -Weekly
Replace probe tubing AN
Check rinse bottle and drain Daily
Cold Vapor AA Change drying tube Daily
Replace pump tubing AN: Minimum weekly
Lubricate pump head Weekly
Lubricate autosampler Weekly
Inspect optical cell and windows ~ Monthly
Clean AN
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TABLE 7-10

Hunter Army Airfield FTA
Savannah, Georgia

PREVENTIVE MAINTENANCE SCHEDULE

Instrument Preventive Maintenance Frequency
ICP Clean torch Weekly
Clean nebulizer and spray chamber Weekly
Replace pump winding Check Daily
Lubricate autosampler Monthly
Check mirror Monthly
Checking tubing to torch Daily
Check fan filters, clean if needed Weekly
Check cool flow, clean if needed Weekly
Check water filter, replace if needed Quarterly
Autoanalyzer Clean sample probe AN
Clean proportioning pump Weekly
Inspect pump tubing, replace if worn AN
Clean wash receptacles Monthly
Inspect condition of distillation head Monthly
Infrared Spectrometer Check on-demand diagnostics Quarterly
(FTIR) Check wavenumber with polystyrene film  Quarterly
Change dessicant Quarterly
Total Organic Carbon Check IR zero AN
Analyzer Check for leaks AN
Check acid pump calibration Bimonthly
Check persulfate pump calibration Bimonthly
Inspect 6-port rotary valve AN
Inspect sample pump head AN
Wash molecular sieve AN
Check sample loop calibration Monthly
Clean gas permeation tube AN
Inspect digestion vessel O-rings AN
Check activated carbon scrubber AN
Dust back and clean circuit boards AN
Check IR cell AN
Total Organic Halogen Polish counter electrode Daily
Analyzer Polish sensor electrode Biweekly
Clean loaders and pistons Biweekly
Replace agar bridge Monthly

* AN means as needed. Any of these items may be performed more frequently if response
during operation indicates this is necessary.

Note: Information adapted from Lancaster Laboratories QAPP
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7.6.1 Formulas

Accuracy - Accuracy is a measure of the bias in a system. Accuracy is defined as the degree
of agreement of a measurement with an accepted reference or true value. To determine the
accuracy of an analytical method, a sample spiking program will be conducted. The results of
sample spiking will be used to calculate the quality control parameter for accuracy evaluation,
the Percent Recovery (%R). The Percent Recovery is defined as the observed concentration,
minus the sample concentration, divided by the true concentration of the spike, multiplied by

100.

R - 2-T 4 100
K

X = Analytical result from the spiked sample
T =  Analytical result from the unspiked aliquot
K = Known value of the spike

%R = Percent Recovery

To determine accuracy, surrogate, matrix spike and matrix spike duplicates (MS/MSD), and
internal standards will be analyzed. The control limits will be based on the mean percent
recovery plus or minus 3 standard deviations of the mean using a population of 20 recovery

values.

Precision - Precision is the measure of mutual agreement among individual measurements of the
same property, usvally under prescribed similar conditions. Precision is best expressed in terms
of standard deviation or Relative Percent Difference (RPD) Precision is inferred through the use

of duplicate samples. RPD for each component is calculated using the following equation:
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A-B

= —— x 1
where: RPD (A + B2 X
A = Replicate Value 1
B = Replicate Value 2
RPD = Relative Percent Difference

The calculated Percent Recovery and RPD will be summarized. The RPD data will be used to

evaluate the long term precision of the analytical method.

To determine precision, matrix spikes and matrix spike duplicates will be analyzed. The control
limits will be based on a population of 10 RPD values. They are calculated by determining the
mean RPD plus 3 times the standard deviation for the upper limit and zero as the lower limit.

Completeness - Completeness is a measure of the amount of valid data obtained from a
measurement system compared to the amount that was expected to be obtained under correct or

normal conditions. The result is expressed as a percentage.

Number of valid measurements % 100
Total number of measurements

Percent complete =

The percent completeness goal for this project is 90 percent.

7.6.2 Data Quality Assessment

Statistical techniques can be used to evaluate the comparability of different sets of existing data
and to evaluate the need to obtain additional data. The most commonly used statistical approach
is the interpretation of accuracy and precision information. Another statistical approach is the

use of geostatistical information which characterizes the location of the samples and the size of
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the site. LAW will use accuracy and precision information to assess the confidence in the

reported values and geostatistics of the validated data to identify contamination plumes.

The statistical treatments of data by LAW are generally in accordance with current scientific
concepts elucidated in standard references. Precision is a statistical term which describes the
closeness of agreement between individual measured values of a given analyte in a given matrix
at a given concentration of analyte using a specified analytical method. Precision is normally
expressed in statistical terms, such as the standard deviation of the values about their mean, or
as the coefficient of variation (CV), which is the standard deviation of the mean expressed as
a percentage of the mean. Bias is similarly a statistical parameter which describes the deviation,
with algebraic sign, of the mean values of many determinations of the analyte from its “true"
value. This true value must either be known independently or determined by another

independent method which is known to have no bias itself.

The precision and accuracy of environmental sample analysis are greatly dependent on the
sample matrix and the level of analyte concentration, both of which determine what values of
precision and accuracy (bias) are acceptable for the use intended. This dependence of precision
and accuracy descriptors in analyses upon matrix and concentration requires the chemists
involved to use professional judgement as to the range of values acceptable for repeat
determinations of the same sample. Horwitz, Kamps, and Boyer (1980) have shown this
precision vs. concentration relationship to hold for a large number of methods, matrices, and

analytes involved in regulatory programs.

All data generated within established concentration ranges for a particular analyte will be
compared to developed Shewhart Control Charts, and they must meet pre-established quality

control criteria for accuracy and precision.

7.7 CORRECTIVE ACTION

Whenever any of the data generated falls outside of the established acceptance criteria outlined
for instrument tune and calibration and Internal QC, the cause of this irregularity must be
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investigated, corrected, and documented. The documentation will be used to prevent a

recurrence of the problem and to inform management of the situation.

If the results are not within acceptance criteria, the appropriate corrective action will be initiated.
This may include, but is not limited to, checking calculation and instrument performance,
reanalysis of the associated samples, examining other QC analyzed with the same batch of

samples, and qualifying results with a comment stating the observed deviation.

A standard operating procedure is in place which outlines the procedures to be followed when
quality control data for an analysis falls outside of previously established acceptance limits, All
QC data must be entered onto the computerized QC system promptly after its generation and
daily "out-of-spec” data is reported via this system. Any data outside the acceptance criteria will
be reviewed by the Quality Assurance Department. Where appropriate, the Quality Assurance

Department will place outliers in one of three categories:

A, Marginal Qutlier - Data that are outside the 95 percent confidence interval but within the
99 percent confidence interval. This category may also be used for QC samples subject

to matrix interferences or sample inhomogeneity.

B. Qutlier - Data outside the 99 percent confidence interval and/or observable trends such

as a shift in mean and standard deviation.

C. Extreme Qutlier - Such data would indicate the system is out of control and no results
should be reported to clients; an example would be more than one reference or control

falling outside the 99 percent confidence interval.

The daily out-of-spec reports are then distributed to group leaders or their QC coordinator who
will check supporting data and document their findings and any corrective action taken.
Documentation of QC data will be filed in the departmental QC notebook. In the case of

outliers or extreme ouiliers, the Quality Assurance Department may issue a formal request for
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investigation and corrective action (see sample form that follows). The Quality Assurance
Department is responsible for initiating the corrective actions, insuring that the actions are taken
in a timely manner, and that the desired results are produced. The QA Department will circulate

all completed Investigation and Corrective Action forms to the appropriate manager.

The Quality Assurance Department is also responsibie for conducting periodic audits which
ensure compliance with laboratory SOPSs and assist in identifying and correcting any deficiencies.
These audits may entail observation as procedures are carried out or a review of records to
demonstrate traceability and compliance with all documented record keeping procedures. The
QC Department will then issue a written report which summarizes the audit. The technical
centers must respond in writing to the aundit report within 30 days of report receipt. The
response will address the corrective action that needs to be taken along with an expected
completion date. Audit results and the corresponding response are communicated to laboratory
personnel and management. Follow-up audits verify that proper corrective action has bene taken

for the identified discrepancy.

7.8 QUALITY ASSURANCE REPORTS

The management is informed of QA activities in three ways: (1) by immediate verbal
notification of QA problems, (2) by interim QA reports, and (3) a written final QA report.

7.9 EVALUATION OF DATA QUALITY

The parameters of PARCC are indicators of data quality (USEPA, 1987a). Establishing goals
for these parameters serves to guide the choice of the analytical methodology. It also establishes
a strategy for the evaluation of the data once they have been acquired to determine whether the
goals of the project have been met. Upon their receipt from the laboratory, the chemical

analysis data will be evaluated by experienced personnel against pre-determined criteria to
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determine whether their quality meets the requirements of the project. The laboratory quality
control (QC) data and the field QC data will be evaluated to objectively ascertain the level of
quality of the data. Any issues requiring clarification by the laboratory or the samplers will be
identified and pursued at this point. The data quality level will then be compared to that
required by the project. If problems are found, qualification of the affected data points will be
recommended. Upon determination of the level of quality for each data point, interpretation of
the data can then be performed. The following sections describe the data quality evaluation and
data qualification processes.

7.9.1 Data Quality Evaluation

The objective of the evalvation of the quality of the chemical data is to determine if
qualifications of the data arc necessary. This evaluation will be based upon the evaluation of
the laboratory QC data, the field QC data, and the project DQOs presented in Section 3.0. The
first step will be to perform an evaluation of the laboratory QC data, a process often termed
"data validation.” This will provide a rating of the quality of each data point produced by the
laboratory. The second part will provide an overall rating of each data point based upon the
field QC data. The final step in the evaluation will compare the quality of the data acquired to
the project’s DQOs to determine whether the data are useful. These three steps are described
in the following sub-sections. Each step will be completely documented. The overall goal of
the data quality evaluation is to determine whether the data can be used to satisfy the objectives
of the project.

7.9.1.1 Evaluation of Laboratory QC Data - All laboratory QC data for an analytical parameter
fall within one of eight categories for evaluation purposes. These categories are listed in
Table 7-11 in the order in which they will be considered. All QC data provided will be
evaluated against the criteria established by each method, the USEPA (USEPA, 1986; USEPA,

1983) after modification as presented in this document to achieve the objectives of this project.
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TABLE 7-11

DATA EVALUATION CATEGORIES: LABORATORY QC
Hunter Army Airfield FTA
Savannah, Georgia

CATEGORY QC DATA EVALUATED

1. Sample Integrity Sample container condition; preservation performance
and applicability; condition upon receipt at laboratory;
holding times,;

2. Instrument Set-up/Method Applicability Correct method; detection/quantitation limits achieved;
method applicability for analytes and mafrix, instrument
set-up

*3, Calibration Accuracy and Precision Standard preparation; accuracy verification, precision
achieved

*4, Calibration Stability Stability verification; frequency of performance

5. Laboratory Contamination Laboratory blanks

6. Method Accuracy and Precision Method accuracy and precision data

7. Sample Preparation procedures; holding times

8. Sample Analysis Procedures and sequences; sample-specific accuracy and

precision; interferences; dilutions; surrogate recovery

*These categories are assumed to be correct and will not be provided for evaluation.

Y X i
2 ?d/
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Each review will be completely documented to indicate the criteria used and the results and
recommendations of the evaluation. For this project, calibration accuracy, precision, and

stability will be assumed to be correct because these data will be provided for evaluation.

7.9.1.2 Bvaluation of Field QC Data - All field QC data for an analytical parameter fall within
one of eight categories for evaluation purposes. These categories are listed in Table 7-12 in the
order in which they will be considered. All QC data provided will be evaluated to assure the
objectives of this project are achieved. Each review will be completely documented to indicate
the criteria used and the results and recommendations of the evaluation. For this project, no
blind QC samples or performance evaluation data will be provided. Split sample data will not

be available for review during the evaluation.

7.9.1.3 Usability Determination - Once the laboratory and field QC data have been evaluated,
the uncertainty associated with each data point can be estimated. The estimated accuracy and
precision of each data point can then be compared to the data quality objectives of the project
to determine its usefulness for evaluating the site. Recommendations for the gualification of a

data point can also be made when necessary.

Precision will be determined by evaluation of the RPDs for the laboratory and field duplicates.
The laboratory and field blank data, MS/MSD and surrogate (if applicable) recoveries, and all
other applicable QC data will be used to determine the accuracy of the data. The evaluator will
use their judgement based upon established principles and the guidelines established in this
document in the assignment of qualifications to the data. All data are to be used if at all

possible.

The completeness parameter will be evaluated after the determination of the usability of each
data point; it will be expressed in quantitative terms and then compared to the project objectives

to determine whether enough data were collected. Representativeness will be determined
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TABLE 7-12

DATA EVALUATION CATEGORIES: FIELD QC
Hunter Army Airfield FTA
Savannah, Georgia

CATEGORY QC DATA EVALUATED

1. Sample Integrity Sample container condition; preservation performance
and applicability; condition prior to shipment; custody

2. Location Installation Sampling location installation

3. Sampling Procedures Sampling protocols

4, Contamination From Sampling Rinsates

3. Contamination From Shipping Trip blanks

6. Sampling Precision Field duplicates

*7. Miscellaneous Blind QC samples; performance evaluation data; split
sample data

*No blind QC samples or performance evaluation data will be provided. Split sample data will not be available for
review during the evaluation.

PREPARED/DATE:
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through an evaluation of sampling procedures and locations utilized and will be expressed in
qualitative terms. Comparability will be determined by the evaluation of data quality and will
also be expressed in qualitative terms.

7.9.2 Data Qualification

Each data point will essentially be graded as falling into one of the following categories:

. usable as reported;
. usable with qualifications; or

. unusable.

These categories correspond to the three established for the DQOs in Section 3.0. Data for
which the laboratory and field QC data are all within acceptance limits will be assigned the
grade “usable as reported." Data for which slight QC problems are indicated but the QC data
are still within the action limits will be assigned the grade "usable with qualifications." These
data may still be used if the QC problems are not excessive. Data for which the corresponding
QC data are outside the action limits wﬂl be assigned the grade "unusable” and will not be used.
Each data point will receive a flag indicating its level of quality. The flags to be used are
presented in Table 7-13.
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TABLE 7-13

DATA QUALIFICATIONS
Hunter Army Airfield FTA
Savannah, Georgia

FLAG POSITIVE RESULTS NEGATIVE RESULTS

FLAGS FOR DATA WITHIN ACCEPTANCE LIMITS (Usable as Reported)
(no flag) {Use datum without qualification} {Use datum without qualification}

FLAGS FOR DATA WITHIN ACTION LIMITS (Usable With Qualifications)

¥ Estimated quantitation based upon QC Estimated quantitation based upon QC data
data

FLAGS FOR DATA OUTSIDE OF ACTION LIMITS (Unusable)

R Datum rejected based upon QC data; do  Datum rejected based upon QC data: do not
not use use

2Applicable to GC/MS data only

PREPARED/DATE: 0‘ A7 ?’/;7 { ?/3/
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8.0 CHEMICAL DATA QUALITY MANAGEMENT DELIVERABLES

The chemical data quality management (CDQM) deliverables are reports concerning the quality
of the data acquired. These reports will be prepared for submittal to CESAS-EN-GH as required
by the Scope of Work and/or by reference to USACE guidance (USACE, 1990). These CDQM

deliverables are listed in the following sections.

8.1 DAILY QUALITY CONTROL REPORTS

DQCRs will be prepared by LEGS during the field activities only. These reports will briefly
summarize the activities performed and the associated QC activities. It will also provide a
description of any problems encountered, the corrective actions taken, and the effectiveness of

the corrective actions.

8.2 DEPARTURE FROM APPROVED PL.ANS

In general, LEGS will not deviate from these plans after they have been approved. In the event
that a departure from these plans is determined to be necessary, LEGS will contact the CESAS-
EN-GH and request written permission for the change. Should time be a factor, verbal approval

will be requested with written approval to be prepared at a later date.

8.3 QUALITY CONTROL SUMMARY REPORT

The Quality Control Summary Report (QCSR) is a report that summarizes the QC performed
and the results. The QCSR should include the following information:
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. Project Description

. Laboratory Quality Control Activities
L] Field Quality Control Activities

. Data Presentation and Evaluation

. Lessons Learned

* DQCR Consolidation

The QCSR will be prepared and included as an Appendix of the CSR.

8.4 ANALYTICAL DATA REPORT

The chemical data will be provided to the CESAS laboratory for evaluation. This report will
be provided upon completion of the data quality evaluation to be performed by LAW. A cover
letter will be provided which will include the project name, a table identifying field splits and
identifying numbers for comparison. The USACE project chemist will also be provided with

a copy of this cover letter.

8.5 AUDIT REPORTS
Auditing of the Chemical Data Quality Management Deliverables will occur only if there is

suffictent reason to believe that sitvations exist where results appear to be unusual or

questionable.
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F. DAVID SHIVER

Principal Design Engineer

Civil Engineer

Master Business Administration, 1973
Master of Engineering, 1968
B.S. in Civil Engineering, 1967

Professional Engineer in Georgia, Alabama, South Carolina, North Carolina, Florida

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

Society of American Military Engineers, American Defense Association

CAREER SUMMARY

Mr, Shiver is currently manager of the Engineering Group for the Government Services Division
for Law Environmental, Inc. He has managed that position since January, 1991. The objective
of the program is to provide engineering and design services to Law Environmental Federal
Government clients. Mr. Shiver is a principal civil engineer with experience in environmental
remedial design, transit design, highway design, bridge design, retaining structures and slope
stability.

SUB-SPECIALTY EXPERIENCE
Environmental Experience

Mr. Shiver’s diversified, 27 year engineering career encompasses managerial and technical
positions in environmental and civil engineering. As a principal engineer for Law Environmental,
he has managed a number of environmental projects from site investigation through remedial design
and Title II services. He has been responsible for remedial design at a number of RCRA and
CERCLA hazardous waste sites and is familiar with federal regulations and statutes. Remedial
designs have included UST closures, landfill closures, in-situ bioremediation, ex-situ
bioremediation, ground-water extraction and treatment, and thermal treatment at hazardous waste
sites. He also has experience in providing construction services including shop drawings, plant
start-ups, maintenance and operation, and construction management.

Transit Project Experience

Mr. Shiver has managed the design of a number of transit projects including subway line sections,
at-grade line sections, at-grade and aerial stations, and maintenance facilities. He served as project
manager for LAW’s efforts for the Westside Light Rail Road Project in Portland, Oregon. He
served as project manager for the preliminary design of two aerial stations and approximately one
mile of aerial structure for the Houston Transit Authority. He served as project manager for the
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design of the MARTA Lakewood Station which included an at-grade station, Train control ancillary
facility, bus transfer facility, and pedestrian bridges. He has served as project structural engineer
for the design of the MARTA Civic Center Station which included an aerial structure with cut-and-
cover and segments, He was also the project structural engineer for the Laredo bus maintenance
facility for MARTA. He served as a project engineer on the MARTA East Line track work and
assisted in writing specifications for the MARTA rail direct fastener.

Highway Project Experience

Mr. Shiver has managed the design of a number of major highway design projects. Mr, Shiver’s
highway experience has included collection of field data, preparation of conceptual, preliminary
and final design, preparation of contract documents, and field inspection. He served as project
manager for the Williams Street Interchange in downtown Atlanta and a project manager for the
I-85 viaduct near downtown. He was assistant project manager for segment IV-B which included
widening and relocation of I-85 near downtown Atlanta. While managing a Raleigh, N.C. highway
design office, Mr. Shiver was responsible for the preparation of contract documents for a number
of highway projects in North and South Carolina. These projects included widening, relocation,
and new construction of state and interstate highway projects.

Bridge Project Experience

In his 20 years of design experience, Mr. Shiver has participated in the design of more than 50
highway and railroad bridges. Bridge designs include numerous types such as post-tension concrete
box girders, steel box girders, pre-stressed concrete box girders, steel trusses, pre-stressed concrete
flat slabs, reinforced concrete inverted I-beams, orthotopic steel plate decks, curved steel girders
and others. Mr. Shiver served as project manager for the design of twin 4,500 feet long bridges
on I-85 near Atlanta. Alternative designs were prepared which included steel I-girders, pre-
stressed concrete AASHTO I-girders, and segmental post-tensioned concrete box girders. He
served as project structural engineer for the design of seven bridges on the Williams Street
interchange in downtown Atlanta. Served as project structural engineer for the design of seven
bridges on segment IV-B of 1-85 near Atlanta. He served as project manager for the design of
several bridges over 1-20, near Atlanta, including a CSX railroad bridge, and as project design
engineer for the widening of seven bridges on Interstate I-75 in Cobb County, Georgia. He served
as project design engineer for the design of five bridges on Interstate I-40 near Wilmington, North
Carolina, for the North Carolina Department of Transportation. Served as project engineer for the
design of widening of twin bridges over Thompson Creek on U.S. 1 for the South Carolina
Department of Highways and Public Transit.

Railroad Project Experience

Mr. Shiver has been involved in the design of numerous railroad projects for various railroads and
state departments of transportation. He is a member of American Railway Engineering Association
and is familiar with A.R.E.A Design Specifications. Some of Mr. Shiver’s projects included the
design of a CSX railroad Bridge over 1-20, near Atlanta, Georgia; a utility tunnel under Southern
Railroad; a city street bridge over Southern Railroad for Norfolk Southern Railroad; and tow
tunnels under I-85, near Atlanta, for the Norfolk Southern Railroad tracks.
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Retaining Structures and Slope Stability

Mr. Shiver has participated in the design of most types of retaining walls, Projects have included
the traditional types of retaining walls such as gravity walls, cantilevered walls, counterfort walls,
and tie back walls, as well as state-of-the-art type walls systems such as reinforced ground, soil
nailing, post-tensioned caisson walls, sturry walls, soil anchors, and rock anchors, Mr, Shiver’s
experience included the design of permanent walls, temporary walls, underpinning of adjacent
structures, slope stability, and others. Projects have included both temporary and permanent wall
design for highways projects, transit cut-and-cover projects, building sites, and others.

CAREER HISTORY
1987 - Law GeoConsult
1989 - Law Environmental
LANGUAGE CAPABILITY
Speaking Reading Writing

English Excellent Excellent Excellent
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RANDY A. KNOTT

Assistant Vice President/Chief Engineer
Principal Geotechnical Engineer
Principal Environmental Engineer

M.S., Civil Engineering, Mississippi State University
N.S., Civil Engineering, Georgia Institute of Technology

Registered Professional Engineer in Florida, Georgia and South Carclina

CAREER SUMMARY

Mr, Knott has been responsible for planning, coordinating, conducting, and reporting field and
laboratory investigations to determine soil and rock static and dynamic properties for use in
foundation design and re-design (hardening to resist dynamic forces) of military facilities. He has
conducted foundation construction inspection and evaluations of distressed structures as well as
performed monitoring of vibrations generated by construction activities and evaluated their effects
on adjacent structures and human perceptibility. Primarily from 1981 to 1987, Mr. Knott’s
responsibilities included planning, coordinating and reviewing geotechnical assignments with
project geotechnical engineers for the complex geotechnical studies at the Naval Submarine Base
at Kings Bay, Georgia. In 1985, Mr. Knott was designated the Chief Engineer for the Jacksonville
Operations. As such, he is responsible for planning, coordinating and reviewing geotechnical,
environmental, and other engineering assignments with project and senior geotechnical,
environmental, materials and construction engineers, geologists, and scientists.

SUB-SPECIALTY EXPERIENCE

Mr. Knott has been involved in a variety of earth slope embankment and retaining wall stability
analyses since 1970. These projects have involved conventional cast-in-place concrete walls,
proprietary reinforced earth or other pre-manufactured wall systems, and precast concrete or steel
sheet pile walls and bulkheads. He has experience with a wide variety of soil conditions,
particularly those soils found in the South Atlantic Coastal Plain geologic province in Florida and
Georgia. His work with retaining systems and earth embankments has been with transportation
and waterfront projects, water and industrial waste containment and control structures, and
temporary bracing and shoring for construction excavations. Mr. Knott’s more recent experience
includes supervising and reviewing the work of other geotechnical engineers. These engineers use
computer programs for detailed analysis, selecting material properties, generating earth pressure
calculations, and evaluating critical points of analysis and minimum factors-of-safety, including
both internal and external stability of retaining systems. Some of these applications have included
underwater earth slopes and seismic induced loadings.

CAREER HISTORY

Not applicable
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LANGUAGE CAPABILITY
Speaking Reading .  Writing

English Excellent Excellent Excellent
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JACK C. PENG, C.I.H., PH.D.

A _ Corporate Consultant
Technical Director - Environmental Training Center

Certified Industrial Hygienist

Comprehensive Practice (1983)
Industrial Hygienist

Bachelor of Science (1970)
Master of Science (1974)
Doctor of Philosophy (1978)

Certification #2679

CAREER SUMMARY

Jack Peng is the Technical Director for Law Companies Environmental Training Center (LAW).
Dr. Peng’s EPA training courses include 16-hour hazardous waste management training, 36-hour
environmental sampling workshop, and 8-hour environmental and safety regulations overview and
32-hour lead-based paint training, The OSHA training courses include 40-hour health and safety
for hazardous waste operations initial course, 8-hour annual refresher course, 8-hour supervisor
course, 24-hour treatment/storage/disposal course, 24-hour emergency response course, and 24-
hour process safety management workshop. In the past five years, they have tanght more than
three hundred sessions of various subjects throughout the United States, Germany, England, and
South Korea with the number of students exceeding 8,000. Clients include sectors from industry,
labor unions, and government. LAW has been chosen by U.S. Army Corps of Engineers to be
the worldwide training center for the OSHA 40-hour and 8-hour health and safety course for
hazardous waste operations under a three year contract,

Dr. Peng and his staff conduct comprehensive industrial hygiene and indoor air surveys which
include hazards recognition, evaluation, and control for commercial buildings, laboratories and
manufacturing facilities.

Prior to joining LAW, Dr. Peng was Industrial Hygiene Manager for the International Paper
Company, a six billion dollar company. He was responsible for all aspects of industrial hygiene
for the corporation, and provided technical direction and supervision to a staff of five Industrial
Hygienists. They conducted industrial hygiene surveys on lead and other heavy metals, silica,
asbestos, and different organic compounds at various laboratories, manufacturing and mining sites.
They were responsible for 110 facilities in the United States and Venezuela, Dr. Peng directed the
development of company-wide policies and regulatory guidelines on lead, asbestos, chlorine,
hydrogen sulfide, pentachlorophenol, hazard communication, respiratory protection and confined
space entry. He has lectured in various technical and trade associations and universities on subjects
such as lead, asbestos, formaldehyde, PCB, wood dust, confined space, process safety management
and hazard communication in both the U.S. and the People’s Republic of China.
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Jack C. Peng, C.LH., Ph.D.

Page 2

SUB-SPECIALTY EXPERIENCE

Environmental, Health, & Safety Training

National training center for OSHA 40-hour and 8-hour health and safety courses
concerning hazardous waste operations for U.S. Department of Defense through a contract
from U.S. Army Corps of Engineers, Huntsville, Alabama,

National training center for OSHA 40-hour health and safety courses concerning hazardous
waste operations for U.S. Army Corps of Engineers, Huntsville, Alabama,

National training center for OSHA 40-hour health and safety courses concerning hazardous
waste operations for U.S. Army’s Environmental Center, Environmental Hygiene Agency,
and Technical Escort Unit at Aberdeen Proving Ground, Maryland.

National training center for OSHA 40-hour health and safety courses concerning hazardous
waste operations for U.S. Department of Agriculture, Farmers Home Administration,
Washington, D.C.

National training center for OSHA 40-hour health and safety courses concerning hazardous
waste operations for U.S, Postal Service, Washington, D.C.

National training center for OSHA 40-hour health and safety courses concerning hazardous
waste operations for Union Pacific Railroad, Omaha, Nebraska.

National training center for OSHA 24-hour emergency response course for Kimberty Clark
Corporation, Atlanta, Georgia.

National training center for OSHA 24-hour emergency response course for Southwire
Corporation, Carrollton, Georgia.

Eastern regional training center for OSHA 24-hour emergency response course for Texeco
(Star Enterprise), Atlanta, Georgia.

Conducted OSHA 24-hour emergency response course for Sony Corporation, Carrollton,
Georgia,

Conducted OSHA 24-hour emergency response course for GTE, New Jersey.

Conducted OSHA 24-hour and annual 8-hour refresher Treatment, Storage and Disposal
Courses for Searle facility, Augusta, Georgia.

Conducted OSHA/EPA/DOT 8-hour regulation course for Brown & Williamson Tobacco
facility, Macon, Georgia.

Conducted EPA/OSHA/DOT 16-hour regulation course for Union Pacific Western
operations, Los Angeles, California.

Conducted OSHA 24-hour and 8-hour refresher emergency response courses for Glidden.
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Jack C. Peng, C.1.LH,, Ph.D.

Page 3

Conducted OSHA EPA/OSHA/DOT 24-hour hazardous materials and hazardous waste
regulations course for Tennessee National Guard, Nashville, Tennessee.

Conducted EPA/COE 32-hour environmental sampling course for U.S. 7th Army, Seoul,
Korea.

Conducted EPA/COE 32-hour environmental sampling course for U.S. Army
Environmental Center and Technical Escort Services, Aberdeen Proving Ground,
Maryland.

Conducted EPA/HUD/OSHA 16-hour lead based paint course for U.S. Army Corps of
-Engineers, Fort Worth, Texas.

Industrial Hygiene/Indoor Air Quality

Industrial hygiene and indoor air quality projects that Dr. Peng has principled for Law
Environmental include:

An indoor air screening survey to evaluate total hydrocarbon vapor concentrations at 419
residential/commercial locations at a former petroleum refinery site. Over 36,000 FID
readings were made during 4,000 separate surveys at these locations, Assisted client with
state environmental quality agency negotiations on work plans and attended public meeting
on behalf of client.

Air monitoring surveys for cellulose dust and paraffin wax fume at manufacturing plants
for separate clients in the paper converting industry.

A comprehensive industrial hygiene survey at a U.S. Army facility where mlssﬂes are
assembled by a Department of Defense contractor,

An air monitoring survey to assess pentachlorophenol and creosote exposures and
conducting an audit of the health and safety programs at four hazardous waste/groundwater
treatment facilities for a pressure-treated wood products manufacturer,

Annual health and safety compliance audits at six school bus manufacturing plants in the
United States and Canada.

Health & Safety Plan (HASP) reviews for various commercial and government hazardous
waste site assessment and remediation projects, :

Comprehensive industrial hygiene and process safety management review on the total
reduced sulfur recovery system in a major pulp manufacturing facility.

Indoor air quality survey and HVAC system evaluation, at a major office complex in
Puerto Rico. Carbon monoxide, carbon dioxide, formaldehyde, hexane, vinyl chloride,
bacteria and fungi were sampled and analyzed under various environmental conditions.
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Peng, C.1.H,, Ph.D.

Expert witness on a major lawsuit by 100 or so office occupants against the two insurance
companies who insured the office complex. The plaintiffs alleged that their respiratory
illnesses and allergies were caused by the chemical and microbial contaminants in the
building.

CAREER HISTORY

Technical Director/Corporate Consultant in Industrial Hygiene (1987-1994) Law Environmental,
Inc., Kennesaw, GA.

Corporate Manager, Industrial Hygiene (1984-1987) International Paper, Norcross, GA.

Field Coordinator, Industrial Hygiene (1981-1984) International Paper, Norcross, GA.

Field Industrial Hygienist (1978-1981) International Paper, Mobile, Alabama.

Adjunct Assistant Professor (1982-present), Industrial Hygiene, University of Alabama School of
Public Health, Birmingham, Alabama,.

Instructor in Environmental Services (1977-1978) McNeese State University, Lake Charles,
Louisiana.
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DEEPAK R. GHOSH

Senior Environmental Engineer

Engineer

M.S. Environmental Systems Engineering, 1991
B.E. Chemical Engineering, 1987

Registered Professional Engineer (Georgia)

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

American Institute of Chemical Engineers

Water Environment Federation (Member of Program Committee, Toxic Substances Committee,
and Pollution Prevention Work Group)

Georgia Water and Pollution Control Association

International Association on Water Quality

CAREER SUMMARY

Mr. Ghosh is a senior environmental engineer with the Government Services Division of Law
Environmental. He is assigned to the engineering group within the division and specifically in the
Process Treatment and Construction Management program. The objective of this group is to
provide environmental engineering technical services at facilities owned by the U.S. Government,
Treatability studies, process evaluation, treatment system design, remediation design, construction
management, and O&M services are the primary focus of this group.

Mr. Ghosh has six years of broad experience in performing and managing chemical process and
environmental management projects. Before joining Law Environmental, Inc., Mr. Ghosh was
employed at Engineering-Science, Datastream Systems, and Balmer Lawrie & Co. Ltd. Mr.
Ghosh’s experience includes bench- and pilot-scale treatability studies; feasibility studies;
conceptual and detailed design; cost estimating; project management; and marketing.

Mr. Ghosh has performed projects in industrial and municipal wastewater treatment; industrial and
municipal stormwater treatment; CSO treatment and control; industrial hazardous and toxic wastes
(RCRA/CERCLA, etc.); federal sites (RCRA/CERCLA, etc.); feasibility studies; process/design
and construction of chemical and petrochemical facilities; energy management - systems
investigation, design, and construction; and design of software for wastewater treatment
plant/energy recovery data management.

Mr. Ghosh is very active in committees and work groups in several national professional
organizations and has organized conferences and chaired sessions on environmental engineering
topics. He has authored several technical papers and made presentations at national conferences
as listed below,

1. Ghosh, D.R., "Effect of Clay Mineralogy on Surfactant Remediation of Aquifers," M.S.
Thesis, Clemson University, Clemson, South Carolina, 1990,
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2, Ghosh, D.R., and Boner, M.C. "Treatment of Combined Sewer Overflows in a Vortex
Separator,” presented at the Water Environment Specialty Conference on Wet Weather
Water Quality Problems, June 1-3, 1992,

3 Ghosh, D.R., and Keinath, T.M. "Effect of Clay Mineralogy on the Adsorption of
Hydrophobic Organic Compounds onto Aquifer Soils," presented at the 65th Annual Water
Environment Federation Conference & Exposition, September 24-27, 1992,

4. Ghosh, D.R., Boner, M.C., Atere-Roberts, S.0., Street, W.B., Haas, D.L., and Arnett,
C.J. "Treatment of Combined Sewer Overflows in the Chattahoochee River," presented
at the 65th Annual Water Environment Federation Conference & Exposition, September
24-27, 1992,

5. Ghosh, D.R., and Keinath, T.M. "Effect of Clay Mineralogy on the
Adsorption/Desorption of Hydrophobic Organic Compounds from Acquifer Soils,"
presented at the Annual Meeting of the American Institute of Chemical Engineers,
November 1-6, 1992,

6. Ghosh, D.R., Boner, M.C., Hides, S.P., Turner, B.G., "High Rate Treatment of
Combined Sewer Overflows in Columbus, Georgia," presented at the Sixth International
Conference on Urban Storm Drainage, organized by the IAWQ, September 12-17, 1993,

7. Ghosh, D.R., and Keinath, T.M. "Effect of Clay Minerals Present in Aquifer Soils on the
Adsorption and Desorption of Hydrophobic Organic Compounds,” to be included in a
Special Issue of Environmental Progress (American Institute of Chemical Engineers), 1994.

8. Ghosh, D.R., Boner, M.C., Harper, S.R., and Turner, B.G. "Modified Vortex Separator
and UV Disinfection for CSO Treatment," to be presented in Flotation Process in Water
and Sludge Treatment organized by the IAWQ, IWSA, and AWWA, Orlando, Florida,
April 26-28, 1994,

9. Ghosh, D.R., WEF Policy Statement on Pollution Prevention prepared for the United
Nations by the WEF Pollution Prevention Work Group Committee, January 1995,

SUB-SPECIALTY EXPERIENCE
Industrial Waste

Mr. Ghosh has been heavily involved with the chemical, petrochemical, food, and metal finishing
industries. He has evaluated process alternatives, performed treatability studies, developed basis
of design and performed detailed design of several wastewater treatment plants. The following is
a listing of selected project experience:

Mr, Ghosh was involved in performing treatability studies and the design of a leachate treatment
system at an industrial hazardous waste landfill contaminated with pesticides and herbicides. The
system consisted of a filtration-carbon adsorption process train.

Mr. Ghosh was involved in a wastewater treatment plant upgrade at a pulp and paper facility to
implement algae removal from wastewater using deep bed sand filters. In this project he
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performed field scale pilot studies and evaluated coagulation/filtration/disinfection for treatment of
wastewater using sand filters. He also performed process design, sized major equipment, prepared
a Basis of Design Report, and participated in negotiations with the state of Alabama to renew the
facility NPDES permit.

Mr. Ghosh has performed process and detailed design for wastewaters generated from pigment and
paint industries. These projects involved treatment for removal of BODs, metals, ammonia, and
sodium hypophosphite, Other activities in this project included preparing Basis of Design Reports,
and assisting client in obtaining an NPDES permit after negotiations with Georgia EPD,

Mr. Ghosh assisted a major bulk chemicals manufacturer to develop, market and distribute a new
hypochlorous acid-based disinfectant for water treatment application and its delivery systems. He
performed bench and pilot tests to determine the disinfection efficiency of the new product and
compare it with commonly available disinfectants. He designed a pilot plant for evaluating the new
disinfectant and assisted client in standardizing design of disinfectant storage and handling systems
and selecting materials of construction.

Mr. Ghosh has performed several stormwater management projects for industrial facilities in the
United States. These projects were performed for industrial landfills, jet engine manufacturing and
testing facilities, automotive parts manufacturing industries, and chemical processing facilities. In
these projects, he has performed site surveys, assessments, detection of non-stormwater discharges,
sampling and flow monitoring, prepared site drainage maps, and assisting clients in preparation of
individual and group permits,

Municipal Wastewater/CSO

Mr. Ghosh has been involved in municipal wastewater treatment process and design evaluation for
several facilities, On behalf of utility companies, he has evaluated the process and treatment
capabilities of several plants in the state of Florida. During this project he evaluated several unit
process such as aerobic biological processes, anaerobic sludge digestion, clarification, disinfection
coagulation/flocculation, and sludge disposal.

Mr. Ghosh also has been heavily involved in the conceptual and detailed design of combined sewer
overflow (CSO) treatment facilities for the cities of Atlanta and Columbus, Georgia. He served
as the lead engineer for performing process and detailed design of the $20 million CSO treatment
facilities at Columbus. For the Columbus project, Mr. Ghosh piloted the use of a vortex separator
for disinfection and solids removal which was an unique application. He has developed and
evaluated innovative CSO treatment processes (dissolved air flotation and UV disinfection) working
with State, Federal and other Research agencies.

Hazardous Waste

Mr. Ghosh has been involved in several hazardous waste studies and remediation projects for the
Government and industry to solve RCRA and CERCLA-related problems including studies on
innovative treatment technologies under the USEPA SITE Program. Mr. Ghosh has performed
remedial investigations, feasibility studies, treatability studies, and remedial design for several
Installation Restoration Program (IRP) sites of the Department of Defense and the Air National
Guard. Some of the sites where Mr. Ghosh was involved include Chanute Air Force Base (AFB),

3/95




Volk AFB, Eglin AFB, Edwards AFB, and Langley AFB. In these projects he has performed
remedial investigation, risk assessment, contaminant fate and transport analysis, treatability study
data review, feasibility studies, and remedial design. He has prepared RI/FS reports and USEPA
Technical Memoranda. Recently at Langley AFB, he has performed design of soil vapor extraction
and ground-water recovery and treatment systems and prepared O & M Manuals. Mr. Ghosh has
prepared a RCRA Part B permit for the Fort Leavenworth Military Reservation in Kansas.

Recently, Mr. Ghosh has managed a project and construction specifications for remediation of six
UST sites at Fort Bliss, Texas. Mr. Ghosh is in charge of remedial design for a fire training area
at Hunter Army Airfield in Savannah, Georgia. The work includes preparation of construction
drawings, specifications, and design analysis. Mr. Ghosh is the lead engineer for remediation of
two solid waste management units at England AFB in Louisiana. He will be involved in
preparation of RCRA corrective measure studies, conceptual and detailed design.

Mr. Ghosh has also performed and managed remedial investigations, treatability studies, feasibility
studies, and remedial design at five industrial CERCLA sites on behalf of Potentially Responsible
Parties (PRPs). These sites include: Cleve Reber site (Louisiana), Monroe Auto Pit (Arkansas),
Stringfellow (California), Beulah Landfill (Florida), Fort Dix Landfill (New Jersey), and DeRewal
Chemical Company (New Jersey). In these projects he was involved in selecting and designing
treatment systems for wastewater, stormwater, sludges, contaminated soils, leachate and air. The
contaminants evaluated included organics, metals, pesticides, and herbicides. Mr. Ghosh has
evaluated the following unit processes for wastewater and leachate treatment: oil and grease
removal, clarification, metals precipitation, air and stream stripping, carbon adsorption, and
aerobic and anaerobic biological systems. For contaminated soils and sludges, Mr. Ghosh has
evaluated incineration, bioremediation, stabilization/solidification, soil washing, soil/vapor
extraction, and thermal desorption techniques in several projects. He has also been involved in
incineration and scrubbing process for air pollution control. He has prepared RI/FS reports,
USEPA Technical Memoranda, workplans, treatability evaluation reports, and predesign reports.

"He has also prepared drawings and specifications for treatment systems and participated in
negotiations with the USEPA,

Chemical Process Design

Mr. Ghosh has been involved in multi-discipline projects to design and construct chemical process
industries for industrial and automotive grease production, lubricating oil blending, and spent oil
recycling facilities. He has prepared P and IDs, process and equipment specifications, bid
documents, performed equipment inspection, supervised construction, and prepared O & M
manuals. He has also performed energy audits for chemical, petrochemicals, and mineral
processing units. He has performed detailed audits followed by proposal submission, process, and
detailed design of alternative systems followed by turnkey construction and O&M.

CAREER HISTORY

Law Environmental, Inc., Kennesaw, Georgia: 1993 to present. Senior Environmental Engineer
Engineering-Science, Atlanta, Georgia: 1990 to 1993. Senior Engineer/Project Manager
Datastream Systems, Inc., Greenville, South Carolina: 1989 to 1990. Software Engineer
Balmer Lawrie & Co. Ltd., Calcutta, India: 1987 to 1988. Chemical Engineer
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LANGUAGE CAPABILITY

English
Bengali
Hindi

Speaking

Excellent
Excellent
Good

Reading

Excellent
Excellent
Fair

Writing

Excellent

Excellent -

Good
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LYNNE W. CLEM

A _ Senior Scientist
Program Manager - Risk Assessment

Scientist
BA, 1985, Biology

Registered Hazardous Substance Professional

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

National Environmental Health Association
Society for Risk Analysis

CAREER SUMMARY

Ms. Clem is currently the manager of the Environmental Health Sciences Program. She is
responsible for the preparation of human health and environmental exposure and risk assessments
and for the development of health and safety plans. In addition, she also serves as project and task
manager for risk assessment projects.

Ms. Clem joined Law Environmental in 1989 as an environmental scientist. She worked
extensively on government and commercial projects involving exposure and risk assessments. She
has written health and safety plans for site investigations and participated in field sampling teams
collecting ground-water, surface water, and sediment samples for chemical analyses. Ms. Clem
is versed in both RCRA and CERCLA formats used in preparing remedial investigation
documentation.

In 1990 Ms. Clem assumed the position of project scientist and began managing projects including
remedial investigations and risk/exposure assessments. In 1991, Ms. Clem became a department
manager for the Risk Assessment Program and in 1992 she became the manager for that program
and a senior scientist. She serves as onme of Law’s senior consuitants for exposure and risk
assessment services.

SUB-SPECIALTY EXPERIENCE
Defense Installation Restoration Program

Ms, Clem has served on the project team for numerous investigations at defense installations
including Langley AFB, Ft. Jackson, Myrtle Beach AFB, Ft. Riley, Griffiss AFB, Craig AFB, Ft.
Knox, Shaw AFB, Defense Depot - Memphis, Tennessee, Defense General Supply Center, and
Coast Guard Air Station, Borinquen, Puerto Rico. Her responsibilities have included field
sampling, project management, work plan preparation, health and safety plan preparation, and
performance of exposure/risk assessment.
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Health and Safety Plans

Ms. Clem has prepared or reviewed health and safety plans for numerous site investigation
projects. Constituents of concern at these sites have included fuels, oils, solvents, metals, dioxins,
polychlorinated biphenyls (PCBs), and polynuclear aromatic hydrocarbons (PAHS).

Risk Assessments

Ms, Clem has written and/or managed numerous qualitative and quantitative exposure and risk
assessments for both commercial and governmental cliental, including the U.S. Air Force, the U.S.
Coast Guard, and the U.S. Army Corps of Engineers. Her assessments have included sites in
Alabama, Florida, Georgia, New York, Puerto Rico, South Carolina, Tennessee, and Virginia and
have been reviewed by both state regulatory agencies and the U.S. Environmental Protection
Agency. These risk assessments have been conducted for a variety of purposes such as the

determination of baseline risks at sites, the determination of clean-up levels, in support of clean
closure demonstrations, and in support of recommendations for "no action" at sites.

CAREER HISTORY

Florida Department of Environmental Regulation, 1988-1989, Central Florida District, Orlando,
Florida, RCRA Compliance Inspector

Seminole County, Public Health Department, 19985-88, Seminole County, Florida, Sanitarian

LANGUAGE CAPABILITY
Speaking Reading Writing

English Excellent Excellent Excellent
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JAMES LEE BEAVER, JR.
Project Geologist

Geologist

Master of Science: 1982
Bachelor of Science; 1980

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

National Ground Water Association

CAREER SUMMARY

Mr. Beaver is currently a geologist in the Government Services Division, Studies and Analysis
Group in Kennesaw, Georgia. The Groups’ primary responsibilities include hydrogeologic
assessment, risk assessment/toxicology, environmental chemistry, and project management, Mr.,
Beaver has extensive experience in investigations conducted at Department of Defense installations,
Superfund sites, and commercial/industrial facilities. His key areas of experience include task and
site management, installation and abandonment of monitoring and production wells, aquifer testing,
tank removal, collection of soil and ground water samples, and preparation of RCRA and
CERCLA planning documents and reports.

Mr. Beaver joined Law Environmental in 1990 as a geologist with the Environmental
Design/Construct Branch. He worked on a variety of sites used for the storage and transportation
of petroleum products, and participated in the field investigation of two Superfund sites. Mr.
Beaver had previously worked for several years as a petroleum geologist in the southwestern U.S.

In 1991, Mr. Beaver joined the Government Services Branch. His responsibilities initially included
geological oversight and site management for investigations of U.S. Air Force and Army -
installations, and a Superfund site. Additional responsibilities now include preparation of RFI, and
RI/FS planning documents and technical reports; cost estimating; contract negotiating, and training
of entry and junior-level geologists.

SUB-SPECIALTY EXPERIENCE
Defense Installation Restoration Program

Mr, Beaver has participated in a variety investigations dealing with hazardous waste sites falling
under the Installation Restoration Program (IRP). His experience includes installations on the Base
Realignment and Closure (BRAC) list and National Priority List (NPL), along with installations
involved in ongoing weapons system research, deployment, and maintenance. Mr. Beaver is
familiar with security and safety protocol required for working on Federal facilities.
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Ground Water Monitoring

Mr. Beaver has been involved in numerous studies of shalloew to deep aquifer systems in a variety
of hydrogeologic settings. Studies have included the installation of monitoring wells, piezometers,
and recovery wells for ground water monitoring and aquifer testing (both in-situ and pumped); well
development and sampling, monitoring the influence of water supply well pumping and stream
levels on aquifer behavior; free product recovery, and water well surveys. Mr. Beaver is
experienced in subsurface investigative methods including hollow-stem augering, solid-stem
augering, hand-augering, mud rotary, air rotary, rock coring, sidewall coring, and borehole
geophysics, His geographic areas of experience include the Atlantic and Gulf coastal plains,
Piedmont, Appalachian Valley and Ridge, Appalachian Plateau, Mississippi embayment, basin and
range, and interior lowlands (both glaciated and non-glaciated areas).

Mapping

MTr. Beaver has prepared a wide variety of maps and related exhibits from geological, geophysical,
remotely-sensed, and engineering data. Mr. Beaver participated as senior geologist for the analysis
and evaluation of ground-water data collected over a four quarter period from a basewide study
conducted at an Air Force base. Examples of other maps prepared include depiction of stratigraphic
facies, depositional environments, aquifer properties and distribution, soil/groundwater sampling
results, surface topography, subsurface structure, petroleum production trends, faulting,
unconformities, and land/water use. Mapping has been used in hazardous waste site investigation
reports, exploration for petroleum and minerals, and academic studies. Mr. Beaver has also used
computer mapping systems to analyze geologic and engineering data.

Cost Estimating

Mr. Beaver has generated numerous cost estimates for use in private and government assessment
projects. His most significant cost estimating involved generating costs for complex, multimillion
dollar investigations at U.S. Air Force bases and Superfund sites. Mr. Beaver has also provided
independent cost estimates for a subsurface investigation at a major nuclear weapons complex
(DOE) facility.

Petroleum Exploration

Mr. Beaver worked for several years as a geologist in the exploration and development departments
of a major oil company. Project involvement included subsurface geologic and geophysical
mapping for generating onshore exploratory and development prospects; reservoir description,
reserve calculation, wellsite monitoring and evaluation, analysis and optimization of enhanced oil
recovery units, economic analysis of proposed drilling projects, computer mapping, and evaluation
of marginally economic properties prior to divestment. Mr. Beaver prepared and successfully
defended two applications for new field discoveries to a state oil and gas regulatory board. Mr,
Beaver also worked in geothermal energy and petroleum exploration with two major oil companies
prior to graduation.
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CAREER HISTORY
Law Environmental: 1990 to present, Project Geologist, Kennesaw, GA
Activities: Hydrogeologic assessment of hazardous waste sites on government, commercial, and

industrial facilities

Mobil Exploration & Producing U.S.: 1985 to 1989, Senior Geologist, Midland, TX
Activities: Subsurface geologic analysis for generation of onshore drilling prospects

Superior Oil Company: 1982 to 1984, Exploration Geologist, Midland, TX
Activities: Subsurface geologic analysis for generation of onshore dritling prospects
LANGUAGE CAPABILITY

Speaking Reading Writing

English Excellent Excellent Excellent
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Jeffrey M. Lorrain

Senior Chemist

Chemist

B.A., 1983, Chemistry
Math & Chemical Engineering (Post-Baccalaureate): 1985-1986

Certified Hazardous Material Manager, Master Level - 1992
Certified Quality Manager, American Society for Quality Control - 1991

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

Academy of Certified Hazardous Materials Managers
American Society for Quality Control

CAREER SUMMARY

Mr. Lorrain is currently a senior chemist in Law Environmental, Inc., Government Services
Division (LAW). As a senior chemist, his duties include the preparation and/or review of cost
proposals and work plans, as well as oversight and facilitation of field activities and subcontracted
sample analysis. Additional responsibilities include the execution and/or supervision of analytical
data quality review and interpretation as well as report preparation.

Before joining LAW, Mr. Lorrain was the quality assurance manager at ERM-South, Inc., from
1989 through 1994. His responsibilities included the development of a company-wide Quality
Assurance Program as well as the oversight of data generation activities for high visibility or
potentially litigious projects including CERCLA/RCRA-related investigations, and the development
of a program of field screening analysis by gas chromatography, wet chemical, and physical
methods.

From 1987 to 1989, Mr. Lorrain was the laboratory director of Delta Corporation, Architects,
Engineers, and Planners, Inc. As director, Mr. Lorrain had overall responsibility for profitability,
quality and expansion of the commercial analytical chemistry laboratory. In addition to his
responsibilities as laboratory director, Mr. Lorrain provided environmental consulting services to
industrial and governmental clients in the areas of surface water quality, wastewater treatment, and
property transfers.

From 1979 through 1987, Mr. Lorrain provided support to EPA’s Office of Research and
Development through Northrop Services, Inc., and the Acurex Corporation. Mr. Lorrain worked
as a research chemist on a number of research/development projects related to air pollution,
sampling, modeling, and control.
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SUB-SPECIALTY EXPERIENCE
Air Pollution/Air Quality

Mr. Lorrain has extensive experience in the development/evaluation/implementation of air pollution
sampling, analysis, and control methods. He contributed to the development of several EPA
reference methods for air quality sampling and analysis. Mr. Lorrain made significant
contributions to the development of limestone injection technologies to control SOx in coal-fired
utility boilers.

Environmental Testing and Analysis

Mr. Lorrain has extensive experience in environmental sampling, testing, and analysis. Mr. Lorrain
has designed monitoring/assessment plans for all environmental matrices, He has significant
experience and commercial implementation of analytical methods for most environmental media,

Environmental Site Assessments

Mr. Lorrain has performed or supervised numerous environmental site assessments ranging in size
from small commercial sites to major industrial sites. Site assessment clients have included banks,
merger/acquisition teams, attorneys, and commercial clients.

Forensics

Mr. Lorrain has assisted in the resolution of a number of disputes related to environmental impact
issues involving civil and criminal litigation and alternative resolution techniques. His clients have
included manufacturers, attorneys, and commercial enterprises.

RCRA/CERCLA Compliance/Closure

Mr. Lorrain has participated in numerous RCRA compliance/closure projects for manufacturers
and service companies. He has contributed to several remedial investigation/feasibility studies for
potentially responsible parties as well as governmental clients,

Training

Mr. Lorrain has significant experience in both formal and informal training in the fields of
environmental sampling, analysis, and assessment as well as quality control and quality
management.

CAREER HISTORY

Northrop Services, Inc., Research Triangle Park, North Carolina, 1979-1984

Acurex Corporation, Research Triangle Park, North Carolina, 1984-1987

Delta Corporation, Architects, Engineers, and Planners, Inc., Tampa, Florida, 1987-1989
ERM-South, Inc., Tampa, Florida, 1989-1994

Law Environmental, Inc., (Government Services Division), Kennesaw, Georgia, 1994 to present
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LANGUAGE CAPABILITY
Speaking Reading .  Writing

English Excellent Excellent Excellent
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EDWIN EARL LEDFORD
Department Manager

Civil Engineer
B.S. Civil Engineering, 1963

Professional Engineer in Illinois, Kentucky and Georgia
Land Surveyor in Kentucky and Georgia

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

National Society of Professional Engineers
Georgia Society of Professional Engineers
Cobb County Society of Professional Engineers

CAREER SUMMARY

Mr. Ledford has worked in the consulting engineering business for over 3¢ years. His experience
has included both technical and administrative responsibilities for a variety of civil engineering
projects. He has a broad range of experience that has included the remedial design of both RCRA
and CERCLA regulated HTRW type sites, landfill permitting and design, construction of major
highways, streets, storm drainage facilities, sanitary sewers, and industrial rail service. These
projects have included the preparation of plans and specifications as well as planning, design,
permitting, and construction supervision. Other areas of experience include project management,
scheduling, estimating, and earthwork evaluations and computations.

Mr. Ledford has worked on a major projects that included interim removal action designs, closure
and post-closure care plans for sanitary landfills, identification and disposal requirements of
contaminated soil, landfills, storm-water design, PRP investigation and erosion and sedimentation
controls. Mr. Ledford also has experience on major projects that include highway design in
Kentucky and Georgia, municipal public works for local and county governments, construction of
a power tunnel for hydroelectric plant, and site engineering for industrial parks. Responsibilities
on these projects have included surveying, route selection, conceptual design, site selection,
grading, erosion control and drainage design.

Responsibilities have also included the implementation, use of, and training programs for computer
work stations utilizing AutoCAD, Microstation, Softdesk, Haested Methods, and other computer
aided drafting and design software packages. Specialization has been in application for plan
preparation and earthwork computations,
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SUB-SPECIALTY EXPERIENCE

Landfill Design

Mr. Ledford has been responsible for the design and preparation of drawings and specifications
for a RCRA landfill in New Jersey, a hazardous waste site in West Virginia, closure/post-closure
management of a sanitary landfill in Alabama and permit documents for demolition and sanitary
landfills in Tennessee. A portion of the landfill design included an impermeable cap for 45 acres,
infiltration, detention, and sedimentation ponds.

Construction Management

Mr. Ledford has experience as a construction manager on such projects as the 500-acre Westfork
Industrial Park, the 200-acre Norfolk Southern, Duluth, Georgia, rail-served industrial park, 142-

acre CSX Auto Distribution Center, and 2 3.5 mile four-lane highway design in Gwinnett County,
Georgia.

CAREER HISTORY

1963-1966 Kentucky Department of Highways /Assistant Resident Engineer, Resident
Engineer /Lexington, KY, Berea, KY, Lawrenceburg, KY
1966-1967 Fenix & Scission /Field Engineer /London, KY

1967-1984 Watkins & Associates, Inc. /Project Engineer, Senior Engineer, Principal
{Louisville, KY

1984-1991 Riley, Park, Hayden & Associates, Inc. /Senior Engineer, Associate

1991-Present Law Environmental, Inc. /Senior Engineer /Atlanta, GA

LANGUAGE CAPABILITY
Speaking Reading Writing

English Excellent Excellent Excellent
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WILLIAM CRAIG
Staff Scientist

Environmental Chemist

BS, State University of New York, College of Environmental Science and Forestry

CAREER SUMMARY

Mr. Craig is currently the site manager at a large explosive manufacturing plant in Kansas
assessing soil and ground-water contamination of 52 sites. His responsibilities include supervision
and guidance of fellow employees and subcontractors to delineate areas of contamination. Field
tasks will include background searches, soil gas surveys, delineation of lead contaminated soil,
monitoring well installations and sampling, and soil and surface water testing.

Mr. Craig joined Law Environmental in 1991 and has worked on many projects. His
responsibilities as site manager, sampling team leader, project chemist, and health and safety
officer have given him experience in many field techniques, as well as, the preparation of plans
and reports for a variety of projects and clients.

SUB-SPECIALTY EXPERIENCE
Environmental Site Assessment

Mr. Craig has been involved in many stages of risk assessments at several sites on the East coast.
He participated in the planning stages of site assessment projects and preparation of planning
documents. He is involved in the mobilization of field crews and subcontractors to complete field
work. He supervises all stages of field work including sampling point selection, sample collection
and handling, and field date interpretation.

Ground-Water Monitoring

Mr. Craig has participated in several ground-water monitoring programs at military installations.
He is proficient with most ground-water sampling techniques and protocols.

Municipal Landfills

Mr. Craig has been involved in the investigation of several landfills for the USACE at a site in
New York. His responsibilities as project chemist, site manager, and health and safety officer
include supervision of subcontractors, laboratory coordination, collection of field samples, and all
aspects of site health and safety including air monitoring. Mr. Craig will also be responsible for
validating the data and preparing the site investigation report,

Mr. Craig has also been involved in the investigation of landfills for the USACE and AFCEE in
Tennessee and Kansas. Mr. Craig is currently investigating an Air Force base in Georgia.
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Leaking Underground Fuel Storage Areas
Mr. Craig served as project chemist on a project for the .USACE in Kentucky investigating 13
underground fuel storage tanks. Responsibilities included the collection of environmental samples,
data validation, and the preparation of the quality control summary report.
LANGUAGE CAPABILITY

Speaking Reading Writing

English Excellent Excellent Excellent
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MICHAEL H.S. HUGHES

Senior Environmental Planner

Land Use and Environmental Planning
B.S. in Urban Planning, 1986

Certified Planner (AICP), United States

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

American Planning Association-
Federal Planners Division
Georgia Planning Association
Urban Land Institute

CAREER SUMMARY

Mr. Hughes has nine years of land use and environmental planning, specializing in zoning,
subdivision administration, and environmental impact analysis. Before joining Law Environmental,
Inc., he was an Urban Planner (Parks and Urban Design) for the City of Aflanta - Department of
Planning and Development. Prior to joining the City of Atlanta, Mr. Hughes was employed as a
Senior Planner responsible for providing technical planning assistance to cities in Cobb County,
Georgia. He has also worked as an Associate City Planner in Los Angeles and Pasadena,
California, responsible for zoning and subdivision administration, growth management, and
environmental impact analysis.

SUB-SPECIALTY EXPERIENCE
Land Use and Environmental Planning

Mr. Hughes has extensive experience in the development and implementation of land use plans as
they relate to state planning requirements. He has prepared comprehensive plans, as required by
the Georgia Planning Act, for cities in Cobb County, Georgia and the city of Atlanta, Georgia,
resulting in their designation as Qualified L.ocal Governments. He has also been responsible for
reviewing and evaluating land use entitlement requests involving use permits, variances, and
subdivisions. His activities typically involved conducting site assessments, environmental reviews,
and the development and presentation of staff recommendations.

Other related project experience include:

¢ Employment forecasts and building conditions/land use assessments related
to redevelopment feasibility studies;

* Stormwater Management Program - National Pollutant Discharge
Elimination System (NPDES) Program Part 2;
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Michael H.S. Hughes
Page 2

¢ Greenway Trails Plan -- Open Space and Greenways Plan;
® Housing and Land Use Element Update for General Plan; and

e Flood Recovery Plan (Tropical Storm Alberto 1994)

State EAs and EISs

Mr. Hughes has extensive experience related to the application of state environmental legislation,
He has been responsible for revising the environmental review guidelines and procedures for
evaluating all development proposals in Pasadena, California to ensure compliance with the
California Environmental Quality Act (CEQA). Mr. Hughes was also conducted environmental
evaluations pursuant to the requirements of the Georgia Environmentat Policy Act (GEPA) for such
state agencies as Georgia Public Telecommunications Commission and the Georgia Department of
Education, and the Georgia Department of Corrections.

Federal EAs and EISs (National Environmental Policy - NEPA)
Mr. Hughes has conducted numerous Environmental Assessments and Environmental Impact
Statements following NEPA guidance. Some of these projects included removal and replacement
of a Viaduct in a major urban area; treatment and disposal of contaminated soils and groundwater
at a military installation; and an alternative analysis for siting a surface water impoundment.
Praject Management
Mr. Hughes has extensive experience in managing complex multi-discipline projects. These
projects include, managing environmental impact studies involving the coordination of several
technical disciplines and serving as a data layer Task Manager for a statewide evaluation screening
study using a Geographic Information System (GIS).
CAREER HISTORY
Law Engineering and
Environmental Services Inc.: February 1993 - Present; Atlanta, GA.;

Senior Environmental Planner
City of Atlanta: 1 year; Atlanta, Ga.; Urban Planner II
Cobb County, Georgia: 1.5 years; Cobb County, Ga.; Senior Planner

City of Pasadena: 6 months; Pasadena, Ca.; Associate Planner
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Michael H.S. Hughes
Page 3

City of Los Angeles:

Willdan Associates:

3.5 years; Los Angeles, Ca.; City Planning Assistant
City Planning Associate

1 year; Industry, Ca.; Planning Technician
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SUE ANN MCCUSKEY, PH.D.

Principal Environmental Scientist

Ph.D. Environmental Science 1978
M.S. Environmental Scientist 1975
M.A.T. Teaching of English 1970
B.A. English Literature 1968

Ecological Society of America,
Certified, Habitat Evaluation Procedures
OSHA 29 CFR 1910.120 Hazardous Materials Handling 40 Hour Course

PROFESSIONAL MEMBERSHIPS & ASSOCIATIONS

Ecological Society of America,
Association of State Wetland Managers,
National Association of Environmental Professionals

CAREER SUMMARY

Dr. McCuskey is currently a Principal in the Natural Resources Program of Law Engineering and
Environmental Services, Inc. The objective of this program is to provide assessment services in
protected species surveys, wetland delineation, wildlife management, cultural resource evaluations
and site restoration for permit requirements generally related to greenfield sites or facility
expansions.  Alternative site assessments, needs analysis, evaluation of baseline ecological
conditions, description of impacts and mitigation of environmental impacts are services provided.
Dr. McCuskey has 16 years of experience in environmental consulting, specializing in permitting
issues associated with wetland impacts, solid waste landfills, corridor analysis and environmental
impact statements.

Dr. McCuskey joined Law Environmental in 1990 as a Senior Environmental Scientist. In 1991
she became a Principal and Program Consultant in Natural Resources. She works with commercial
and industrial developers, solid waste companies, power generation companies, attorneys and
governments. Dr, McCuskey has made presentations at conferences throughout the U.S.
describing National Environmental Policy Act (NEPA) agreements and wetland regulations,
permitting, and mitigation. She regularly conducts training programs on NEPA and wetiand
regulations for Law Environmental employees.

Prior to joining Law Environmental, Dr. McCuskey was a Senior Terrestrial Ecologist at other
consulting firms from 1978 to 1990. She studied baboon behavior in Kenya and surveyed avian
populations on the Virginia barrier islands prior to entering the field of environmental consulting,
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Sue Ann McCuskey, Ph.D.
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Environmental Assessments/Impact Statements

Environmental Impact Statement: Water Supply Reservoir. Lamar County, Alabama.
Documented need for additional water sources, identified alternatives, evaluated alternatives and
offered wetland mitigation to off-set unavoidable impacts. 1993-ongoing.

Environmental Assessment: Kentucky Highway 17, Hazard, Kentucky. Kentucky Department of
Transportation. Evaluated impacts to protected species, caves, wetlands, cultural resources,
socioeconomic issues and other resources from widening of an existing highway in mountainous
terrain. 1993-1994.

Environmental Assessment: Old Madison Pike. Alabama. Alabama Department of Transportation,
Prepared all sections of an EA to evaluate this road extension. 1993-1994.

Environmental Assessment: Four Mile Post Road, Alabama. Alabama Department of
Transportation. Prepared all sections of an EA to assess impacts from construction for a new road
over steep terrain near Huntsville. 1993-1994,

Environmental Assessment: Wood Chipping Facility, Bridgeport, AL, Donghae Pulp of Alabama,
Inc. 1990 (coordinated wetland assessment, vegetation and wildlife impact assessment portions).

Saltwater Wetlands for Wastewater Management Environmental Assessment (EPA 904/10-84),
Southeastern U.S., Region IV U.S. Environmental Protection Agency, 1984.

Environmental Impact Statement: Martin County Coal-Fired Power Plant. Martin County, FL,
Florida Power & Light Company. 1978-1981 (coordinated biological assessments, water quality
studies, and endangered species surveys).

Environmental Assessment: Oil and Brine Pipeline Revegetation. Hackberry, LA, Department
of Energy, Strategic Petroleum Reserve, 1985.

Environmental Assessment of Visitor Impacts: Assateague Island. Assateague Island, MD,
National Park Service, 1984.

Site Selection Studies

Site Characterization: Low-Level Radioactive Waste Disposal Facility. North Carolina. Chem-
Nuclear. Following preliminary site identification, conducted extensive literature review and field
sampling on two proposed 1200-acre sites. Conducted studies under full DOE quality
assurance/quality control procedures, met with regulatory agencies and the public. 1990-1994,

Site Characterization: Low-Level Radioactive Waste Disposal Facility. Pennsylvania, Chem-
Nuclear, Evaluated maps throughout the state to identify environmentally sensitive areas to avoid
in the site selection process. Developed wetland identification criteria, met with state agencies and
the public. 1991-ongoing.

Analysis of Alternative Sites for Solid Waste Facility. Chatham County, South Carolina. Waste
Management. Using Geographic Information System technology, identified 17 sites for evaluation,
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Selected one site, based on environmental and practicability criteria, and conducted field
assessments to obtain permits for this solid waste landfill. Key issues were wetlands and protected

species. 1991-1993, ’

Analysis of Alternative Sites for a Coal-Fired Power Plant. Halifax and Mecklenburg Counties,
VA, MC? (an independent power company), 1987-88.

Alternative Site Evaluation Methodology for Underground Storage of High-Level Radioactive
Waste. Eastern and Southeastern U.S., U.S. Department of Energy, Office of Crystalline
Repository Development, 1985-87 (project terminated by D.O.E.; no final report).

Nassau County, Florida: Proposed Site for the Superconducting Super Collider. Nassau County,
FL, State of Florida’s submittal to U.S. Department of Energy, 1987-88 (prepared sections on
wetlands, endangered species, characterization of vegetation and wildlife}.

Selected Wetland and Mitigation Studies

Wetland Permit Application, Alternative Analysis and Mitigation Plan for Inner-Perimeter Road.
Lowndes County, GA, Kilpatrick and Cody, 1990-92.

Wetland Permit Application, Alternative Analysis and Mitigation Plan for Sawmill Place Mall.
Columbus, OH, JMB Urban Development, Co., 1990-92.

Action Plan for Settlement of an Administrative Order at the Rossville Farm. Rossville, TN,
United Foods, Inc., 1990-93,

Wetland Delineation of Proposed Waste Disposal Site. Central Pennsylvania, Confidential Client,
1988.

Mapping of Submerged Aquatic Bed Wetland Vegetation on the Upper Hudson River. Ft. Edward
to Troy, NY, Confidential Client, 1990-91.

Section 404 Permit Application, Alternative Analysis and Mitigation Plan for Proposed North
‘Atlanta Mall, Atlanta, GA, Cousins Properties, Inc., 1990.

Wetland Delineation and Mitigation Plan for Proposed Recreation Ballfields. Coweta County, GA,
Coweta County Board of Commissioners, 1990.

Third-Party Review of Proposed Ware Creek Water Supply Reservoir Impacts and Mitigation.
James City County, VA, McSweeney, Burtch & Crump, 1988-89.

Wetland Delineation of Twelve County Parks. DeKalb County, GA, DeKalb County Parks and
Recreation, 1988-89.

Wetland Delineation and Restoration Plan. Upson County, GA, Southern Mills, 1988.
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Reservoir Studies

Proposed Water Supply Reservoir: Hall County, Georgia: Glades Woodland Farm. Evaluated
1500-acre site for potential impacts to wetlands, protected species and cultural resources from
proposed 800-acre reservoir. Met with agencies and county representatives to discuss permitting.
1993 - ongoing. '

Assessment of Impacts and Mitigation for Proposed Expansion of a Water Supply Reservoir.
Monroe County, GA, City of Monroe, 1989.

Assessment of Impacts from Proposed Multi-Reservoir Development. Martin and West Palm
Beach Counties, FL, MacArthur Foundation, 1987-88.

Site Selection Study for a Regional Water Supply Reservoir: Upper Oconee River Basin. Jackson
County, GA, Northeast Georgia Reservoir Group, 1988.

Site Selection Study for a Northwest Georgia Regional Water Supply Reservoir. Harralson,
Paulding, Carroll and Douglas Counties, GA, Georgia Department of Natural Resources, 1988-89.

Federal Energy Regulatory Commission (FERC) Reports

Hydro-Power Re-Licensing Reports for Two Facilities. McCormick and Edgefield Counties, SC,
South Carolina Electric & Gas Company, 1988 (prepared sections on terrestrial ecology, wetlands,
and protected species).

Environmental Report: Gas Pipeline System Expansion. Nashville, TN, East Tennessee Natural
Gas, 1987.

Ocean State Power Project: Draft and Final Environmental Impact Statement. Burrillville, Rhode
Island, Ocean State Power and Tennessee Gas Pipeline Company, 1987-1988.

Environmental Report: Settlement Expansion Project. Pennsylvania, West Virginia and Virginia
natural gas pipeline route, Columbia Gas Transmission Corporation, 1988-89,

Pumped Storage Hydroelectric Project: Preliminary Consultation Package. North Georgia,
Oglethorpe Power Company, 1985,

Pumped Storage Hydroelectric Project: Pre-feasibility Reports (for three sites) and Initial
Consultation Package: Pickens County Site, Walker, Dade and Pickens Counties, GA, Oglethorpe
Power Company, 1987 (Project Manager for terrestrial and aquatic ecology, cultural resources and
socio-economic studies).

Protected Species

Protected Species Survey and Eagle Habitat Management Plan. Jacksonville, FL, Julington
Creel/General Development Co., 1986-87.
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Endangered Species Monitoring Program: Bald Eagles and Wood Storks, FP&L central Florida
power plants, Florida Power & Light Company, 1981-1986.

PUBLICATIONS

McCuskey, S.A., A.W. Conger, and H.O. Hillestad. 1994, Design and implementation of
functional wetland mitigation: case studies in Ohio and South Carolina, in Proceedings of
the Southern Appalachian Man and the Biosphere Conference on Wetlands. Journal of
Water, Air, and Soil Pollution (in press).

McCuskey, S.A., I.W. Little, and T.E. Simpson. 1989. Impacts of SO2 on Spartina alterniflora.
Proceedings of the Sixth Symposium on Coastal and Ocean Management, American Society
of Civil Engineers, Vol. II: 1178-1199.

Williams-Walls, N., S.A. McCuskey, W. Marion, and J. R. Wilcox. 1986. Productivity and
changes in nest utilization in four central Florida bald eagle nesting territories., Florida
Field Naturalist. Vol. 14, No. 2: 19-52,

McCuskey, S.A. 1978. Avian community organization - Habitat-niche selection in ecotones.
Ph.D. dissertation. University of Virginia.

Altmann, J., S.A. Altmann, G. Hausfater, and S.A. McCuskey. 1977. Life cycle of yellow
baboons: infant mortality, physical development, reproductive parameters. Primates 18
(2): 315-330.

Dueser, R.D., W.C. Brown, S.A. McCuskey, and G. S. Hogue. 1976. Vertebrate zoogeography
of the Virginia barrier islands. A final report submitted to the Nature Conservancy, as a
contribution to the Virginia Coast Reserve Study.

McCuskey, S.A., and R. D. Dueser. 1976. Distribution and abundance of land bird species on
the Virginia barrier islands. Paper presented at the Southeastern Regional Meetings of the
Animal Behavior Society, Charlottesville, Virginia.

McCuskey, S.A. 1975. Demography and behavior of one-male groups of yellow baboons (Papig
cynocephalus). M.S. thesis. University of Virginia.

CAREER HISTORY

Law Environmental 1990 to present.
Kennesaw, Georgia
Principal Environmental Scientist, Program Consultant, Natural Resources Program Manager

Dames & Moore 1985 to 1990
Atlanta, Georgia
Southeast Wetlands Coordinator
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Applied Biology, Inc. 1978 to 1985
Atlanta, Georgia
Director of Terrestrial Ecology
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APPENDIX A-2

STANDARD OPERATING PROCEDURES

FOR FIELD SCREENING ANALYSES



B.1 Field Screening of Soils for Volatile Organic Compounds by
Photolionizatlon Detector (PID)

4

-

o o W

B.1.1 Scope and Application

A PID will be used in the field to screen samples for the presence

b

of volatile oxrganic compounds. The PID is useful as a general

1

survey instrument at hazardous waste sites. A PID is capable of
detecting and measuring real-time concentrations of many organic
and inorganic vapors in the air, but is unable to respond to low

molecular weight hydrocarbons (ex. methane and ethane).

B.1.2 Start-up Procedure

Before attaching the probe, check the function switch on the
contrel panel to ensure that it is in the off position.
Attach the probe by plugging it into the interface on the top

. e .

of the readout module. Use care in aligning the prongs in the

i i
'ln:!- -ii,r T

probe cord with the plug interface. Do not use excessive
force.

Turn the function switch to the "battery check" position. The
needle on the meter should be within or above the green
battery arc on the scale; if not, recharge the battery. If
the red indicator 1light comes on, the battery needs

recharging. When recharging the battery the probe must be
attached.

e e

Turn the function switch to any range setting. Look into the
end of the probe to see if the lamp is on. If it is om, it
will omit a purple glow. Do not stare into the probe any
longer than 3 sec. Long-term exposure to UV light will damage
the eyes. Also, listen for the hum of the fan motor.

1588.18 B.1-1




To zero the instrument, turn the function switch to the

"gtandby" position and rotate the zero adjustment until the

meter reads zero. A calibration gas is not needed because
this is an electronic zero adjusthent. If the span adjustment
setting 1s changed after the zero is set, the zero should be
rechecked and adjusted (if necessary). Wait 15 to 20 sec. to
ensure that the zero reading is stable. If necessary, re-
adjust the zero.

B.1.3 Calibration Procedure
Follow the start-up procedure and the operational check.

Set the function switch to the range setting for the
concentration of the calibration gas.

Remove the detector from the outer casing by loosening the
screw on the bottom of the casing.

[T Ry S S e B

o

Attach a regulator to a disposable cylinder of calibration
gas. Comnnect the regulator to the probe of the PID with a

piece of clean tygon tubing. Open the valve on the regulator.

After 15 sec., adjust the internal calibration screw until the

B N b o e N e e o

meter reading equals the concentration of the calibration gas

used. Consult the operating manual for the location of this
screw. '

If the PID does not start up, check out, or calibrate
properly, notify the equipment manager immediately. Under no

circumstances should work requiring monitoring with a PID be
performed without a properly functioning instrument.

1588.18 B.1-2
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Replace the detector in the outer casing.
Obtain a logbock from the QA officer.
Record results of the equipment check in the logbook.

Obtain a sufficient number of the appropriate data collection

forms.

Record the calibration data.

B.1.4 Field
Upon arriving in the field, personnel should:

Follow the start-up procedure, operational check, and
calibration check.

Set the function switch to the appropriate range. If the
concentration of gases or vapors is unknown, set the function
switch to the 0 to 20 ppm range; adjust the range if

necessary.

H -

With the exception of the prcobe’s inlet and exhaust, wrap the
PID in clear plastic to prevent it from becoming contaminated
and to prevent water from getting inside the instrument in the

L]

event of precipitation.

L1

B.1.5 Measuring Organic Vapor Levels Using the PID

L
| M—

The following procedures are followed to obtain organic vapor
readings of headspace with the PID:

—_

G e e et bl bel B M e e e G M U A e e

1
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Place sgoil in a clean 8 ounce jar, so that jar is about 50%
full. '

Seal jar with aluminum foil with the screw cap applied to
secure foil.

Agitate sample jar for 30 seconds.

Allow a 15 minute equilibration period for headspace
development.

Following the eguilibration period, the headspace shall be
measured by inserting the probe through the aluminum foil and
recording the maximum meter response (should be within first
2-5 seconds).

Record headspace screening result from each sample.

B.1.6 Eguipment and Supplies Checklist

Photo Ionization detector (PID)
Operating manual

Probes: 9.5eV . 10.2eV , and 11.7eV
Battery charger for PID

Spare batteries

Jeweler’'s screwdriver for adjustments
Tygeon tubing

NBS traceable calibration gas (type)

"T" valve for calibration

Intake assembly extension

Strap for carrying PID

Teflon tubing for down-hole measurements

Plastic bags for protecting the PID from moisture
and dirt

Logbook

'_J
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APPENDIX A-3

SUMMARY OF INTERNAL QUALITY CONTROL

PROCEDURES AND QUALITY CONTROL ACCEPTANCE CRITERIA
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APPENDIX B

GEOLOGIC DATA ACQUISITION PLAN
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1.0 INTRODUCTION

This document presents the Geologic Data Acquisition Plant (GDAP) for Interim Corrective
Action Source Removal Design, and Site Characterization for the Hunter Army Airfield (HAAF)
Fire Training Area (FTA) at Savannah, Georgia. This document is included as Appendix B of
the Revised Final Work Plan for the predesign investigation at HAAF, Savannah, Georgia. The
GDAP contains protocols, procedures, and/or descriptions for geotechnical sampling, location
surveys and monitoring well installation. Additional information about the facility including the
purpose of the investigation, site description, project management, project objectives, field
activities, and regulatory requirements can be found in the revised final Work Plan. Throughout
this GDAP, references are made to the Revised Final Work Plan as the Work Plan,
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2.0 GEOTECHNICAL SAMPLING

Soil samples for geotechnical tests will be collected from each monitoring well boring using a
split spoon sampler. One representative soil sample from the saturated zone of each well boring
will be submitted to the geotechnical lab. Each soil sample will be tested for grain size
distribution (ASTM D422), Atterberg Limits (ASTM D4318) moisture content (ASTM 2216).
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3.0 LOCATION SURVEYS

Upon completion of the monitoring wells and soil sampling, a survey crew will locate, by
standard surveying methods, each well (new and previously existing) and soil sampling location.
A vertical survey will be conducted on the monitoring well locations only. The vertical control
will be to the National Geodetic Vertical Datum 1929 (equivalent to the mean sea level). A
ground surface elevation to within 0.1 foot and top of casing elevation to within 0.01 foot will
be determined for each well. The horizontal grid coordination will be determined for each well
and soil sampling location to within 1 foot and will be referenced to the State Plane Coordinate
System.

The X, Y, and Z coordinates for each well, and the X and Y coordinates for each soil sampling
point will be tabulated with the corresponding location identification and submitted in U, S.
Army Corps of Engineers, Savannah District (CESAS) CADD deliverable standards along with
a copy of the survey field notes. The original survey notes shall be furnished upon completion

of the contract if requested.
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4.0 MONITORING WELL INSTALLATION PLAN

This section provides the monitoring well installation protocol which will be performed for this
investigation including the regulatory guidances referenced, well locations and depths, subsurface
soil sampling, drilling equipment and materials, drilling procedures, well installation procedures,
well development, well sampling, submittals, well abandonment, and project assignments and

personnel qualifications,

4.1 INTRODUCTION AND BACKGROUND

The site characterization to be performed will be conducted in accordance with requirements of
the state of Georgia Hazardous Site Response Act (HSRA). This Monitoring Well Installation
Plan (MWIP) was prepared using the following documents:

o Modification No. 1 dated April 25, 1995, to the Scope of Work for the Removal
Design, Interim Corrective Action, and Site Characterization for HAAF,
including the Technical Requirements included with the Modification as Appendix
B

. ACE "Monitor Well Design, Installation, and Documentation at Hazardous and/or
Toxic Waste Sites" (USACE, 1994)

. USEPA "RCRA Ground Water Monitoring Technical Enforcement Guidance
Document” (USEPA, 1986)

. Georgia Department of Natural Resources "Manual for Groundwater Monitoring”
(GADNR, 1991)
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4.2 WELL LOCATIONS AND DEPTHS

The well locations will be determined after reviewing the results of the soil gas survey. This
is discussed in more detail in Section 4.5 of the Work Plan.

The wells will be installed in the upper portion of the surficial aquifer. The well borings will
be advanced to approximately 10 feet below the depth ground water is encountered in order to
place the screen at a depth to intercept the ground-water table. The top of the screen will be
installed above the water table to account for seasonal fluctuations, and to allow for detection

of free-phase hydrocarbons.

4.3 OTHER SAMPLING LOCATIONS

In addition to the new wells being installed, five hand auger borings will be advanced in the
study area shown on Figure 4-1 in the Work Plan, and soil samples will be collected from
around and beneath the pad. The sampling locations and rationale for these soil samples are
provided in Section 4.3 of the Work Plan. The sampling protocol is provided in the Chemical
Data Acquisition Plan (CDAP) which is included as Appendix A.

4.4 DRILLING EQUIPMENT AND MATERIAILS

The following sections describe the specifications for the drilling rig used for drilling and

installation of monitoring wells.

4.4.1 Drilling Rig

Well borings will be advanced using a 4.25-inch I.D, hollow-stem augers. Drilling of wells will
be performed in accordance with the specifications outlined in Section 4.5 of this GDAP.
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At a minimum, the rig will be equipped with a cathead-operated, 140-pound hammer with a
30-inch draw. The 30-inch draw distance will be marked on the hammer rod. The use of
grease or petroleum oil on drill rod joints will not be permitted; however, Teflon tape will be
used if necessary. )

The drill rig will have the capability to collect split spoon samples in accordance with ASTM
D 1586-84 procedures. Soil samples will be collected with a stainless steel split spoon.

4.5 DRILLING PROCEDURES

Drilling will be performed in a manner as to prevent aquifer contamination by the drilling
equipment, to prevent inter-aquifer contamination, and to prevent vertical seepage of surface
water into the borehole. The following subsections describe the drilling procedures which will
be used.

4.5.1 Initial Activities

Prior to the commencement of well installations, the well locations will be inspected to identify
access routes, and overhead, surface, and potential subsurface obstructions. Any preliminary
activities required to safely access or conduct work at the site, and obvious signs and/or sources
of contamination will also be identified and documented; and utility clearances will be verified.
Utility clearance protocol is provided in Section 4.1.2 of the Work Plan. Drilling will not
proceed where aboveground or overhead utilities are within 30 feet of the drill rig or where
subsurface obstructions exist. Should utility locations require offsetting boring locations, the
new locations chosen will be as close as possible to the originally proposed locations. Under

no condition will drilling proceed without the requisite utility clearance.

If field activities occur in (or near to) roadways at HAAF, a flag-person will be required to

direct traffic flow around the area of worl.
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4.5.2 Drilling Protocol
The following procedures will be followed for completing each well:

. Advance well boring using 4.25-inch inner diameter hollow-stem augers to the

target depth.

. Monitor the breathing zone as directed by the site manager for organic vapors
using a photoionization detector in accordance with the procedures contained in
the Health and Safety Plan (HSP). The tops of the boreholes will be monitored
as directed by the site manager for percent oxygen and combustible gases using

an explosimeter and oxygen meter.

. Perform continuous split spoon sampling in all borings for soil classification
and/or chemical analysis. Stainless steel split spoons will be used to obtain

samples.
. Determine and record the stabilized depth to ground water following drilling.

o Manage all drill cuttings and drilling fluids as described in Section 4.6 of the
Work Plan.

The use of any liquid, including water, will be avoided during drilling. If it is necessary to use
water during the drilling program, clean, non-chlorinated water will be used, where possible.
Clean, potéble water will be used if a non-chlorinated source is not readily available. The site
geologist will record the amount of water used. (Five times the amount used will be removed
during well development.) Sources of water used for drilling, well installation, or
decontamination will be sampled once, at the beginning of the field investigation. Additionally,
one sample of the water will be collected from each water transport vehicle after the first

delivery to the site, just prior to its use. These samples will be analyzed for the same
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parameters specified for the ground-water samples. Information regarding the source of water
used and any impact on analytical results will be included in the draft and final compliance status

report (CSR).

4.5.3 Soil Classification

The soil boring will be observed by a qualified geologist or geotechnical engineer. Soils will
be classified using the Standard Practice for Description and Identification of Soils (Visual-
Manual Procedure) (ASTM D 2488-90).

4.5.3.1 Drilling Logs - The geologist/engineer will log the subsurface conditions encountered
in the boring, and record the information on a Hazardous and Toxic Waste (HTW) Drilling Log
(Figure B-1). Additional pertinent information concerning the boring typically recorded on the
log will include, but not be limited to, the following:

. Drilling date

. Geologist name

. Location of boring

. Driller’s name

. Weather conditions

¢ Start and completion time for each boring

o Standard penetration test blow counts per 6 inch advance

. PID, Draeger tube, and explosimeter readings above background (including depth
of each reading) '

. Recovery length of each sample

. Visual description of Unifted Soil Classification (ASTM-D-2488-90)

. Depth at which soil sample was collected for chemical analysis

¢ Depth at which soil sample was collected for physical analysis

o Total number of samples taken
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FIGURE B-1

HTW DRILLING LOG HOLE e
1. COMPANY NAME 2. DRILLING SUBCONTRACTOR SHEET
OF SHEETS
3. PROJECT 4, LOCATION (CITY, STATE)
5. NAME OF DRILLER 6. MANUFACTUURER'S DESIGNATION OF DRILL
7. SIZE AND TYPES OF DRILLING 9. HOLE LOCATION (SITE)
AND SAMPLING EQUIPMENT
10. SURFACE ELEVATION
8. WEATHER 1t. DATE STARTED 12, DATE COMPLETED
13. OVERBUARDEN THICKNESS 16. DEPTH GROUNDWATER ENCOUNTERED
14. DEPTH DRILLED INTO ROCK 17. DEFTH TC WATER AND ELAPSED TIME AFTER DRILLING COMPLETED
15, TOTAL DEPTH OF HOLE 18. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
19. GEOTECHNICAL SAMPLES (#) DISTURBED UNDISTURBED 20, TOTAL NUMBER OF CORE BOXES
21. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) | OTHER (SPECIFY} | OTHER (SPECIFY) |22. TOTAL CORE
RECOVERY%
23. DISPOSITION OF HOLE BACKFILLED MONITORING WELL | OTHER (SPECIFY} | 24. SIGNATURE OF INSPECTOR
25. CHECKED BY: 26. NAME OF INSPECTOR
FIELD SCREENING|GEOTECH SAMPLE { ANALYTICAL BLOW
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULLS {ppm} | OR CORE BOX No. {| SAMPLE No.{ COUNTS REMARKS
a b [ e f g h

10 — -

20 — -

3.0 — -

4.0 ~— -

MRK FORM 55 PROQJECT NAME & NO. HOLE No.
JUN B2
HF — Rev. 5/94



FIGURE B-1 (CONTINUED)

HTW DRILLING LOG HOLE G-
PROJECT INSPECTOR SHEET
OF SHEETS
FIELD SCREENING|GEOTECH SAMPLE|ANALYTICAL|  BLOW
ELEY. REPTH DESCRIPTION OF MATERIALS HESULLS (ppm) [ OR CORE BOX No. SAMPfLE No.| COUNTS REMARKS
a b c e g h
3 -
PROJECT NAME & NO. - | HOLE No,

MRK

FORM Eg&_
Jnge 99-2

47

HF — Rev. 5/94



. Total depth of boring

. Boring refusal

. Water losses (if applicable)

. Method of boring, and drilling equipment

° Depth, thickness, identification and description of stratum
. Water bearing strata (depth and thickness)

o Static water level before and after well development

. Elevation

o Log scale: 1 inch = 1 foot

Soil sampling will be performed continuously te boring total depth.

4.5.4 Decontamination

The following decontamination procedures will apply to split spoons, hand augers, stainless steel

bowls and spoons, and ground-water bailers. The decontamination steps are as follows:

1. Hand wash with a bristle brush and a solution of laboratory grade detergent or

Alconox.

2. Rinse thoroughly with tap water.

3. Spray-rinse with spectroscopic grade methanol.

4, Rinse thoroughly with tap water.

5. (Teflon bailers only) Spray-rinse with 10 percent nitric acid, then rinse thoroughly

with water,
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6. Final rinse with deionized water.
7. Air dry.
8. Wrap in aluminum foil.

The sampﬁng equipment will be cleaned prior to each use in accordance with this procedure.
Field personnel will use clean disposable gloves to handle decontaminated sampling equipment.
Downhole drilling tools (i.e., ai;gers and drill rods) will be steam cleaned prior to each soil
boring. The drill rig will be steam cleaned prior to initial drilling. The location of the
decontamination area will be determined during field mobilization. The fluids generated during
decontamination will be containerized and labeled accordingly.

4.5.5 Site Restoration

Within 15 days of the completion of the field investigation, the site will be restored to a level
that as closely as possible approximates its condition prior to field activities. In areas that
require seeding of new grass, the 15 days is not intended to include the time required for grass
to revegetate the restored area. Seed mix types and recommended seasons for planting will be
obtained from the facility Civil Engineer. The restoration activities shall meet the approval of
the Directorate of Engineering and Housing Office at HAAF. Photographs will be taken of the
area of work both before and after field work activities to document this restoration. Copies of
these photographs will be provided to the facility Environmental Coordinator within one week
after they are taken.

4.6 WELL INSTALLATION

Wells to be installed during the predesign investigation will be of Type II (single-cased) design.
Monitoring wells will be designed and installed in a manner to accomplish the following
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objectives: collect representative ground-water samples, prevent contamination of the aquifer
by the drilling equipment to prevent inter-aquifer contamination, and prevent vertical seepage

of surface water into the well water in-take zone.

The following sections describe well installation and construction procedures including the
placement of the screen, installation of the filter pack, bentonite and grout seais, and well

completions.

4.6.1 Well Casing and Screen

The monitor well risers will consist of material durable enough to retain their long-term stability
and structural integrity and be relatively inert to minimize alteration of ground water and

collected samples.

The monitoring well riser material will consist of new, threaded, flush joint polyvinyl chloride
(PVC) pipe, with a minimum 2-inch I.D. The riser pipe will conform to ASTM D 1785
Standards for Schedule 40 pipe. Due to the potential presence of heaving sands in the surficial
aquifer, monitoring wells will be installed with pre-packed well screens. Screen slot size will
be 0.010 inches, as was installed in the existing wells at the site. If actual geologic conditions

differ from those anticipated, the screen slot size will be adjusted accordingly.

The monitoring well screens will consist of a pre-packed assembly of 3-5/8-inch diameter.
Therefore, the well screen outer diameter (O.D.) will be larger than the riser O.D. However,
the well screen will be made of the same inside diameter (I1.D.) and durable material as the well

riser. A PVC plug will be provided for the bottom of the wells.

Selection of PVC for the monitoring well construction is based on the primary purpose of this
phase of the project, which is the detection of potential contaminants. PVC has demonstrated
very good chemical resistance except to high concentration of low molecular weight ketones,
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aldehydes and chlorinated solvents. Low concentrations of these same chemicals with long term

exposure has as yet had undocumented effects (Barcelona, et al., 1983; NWWA, 1989).

The screen and riser sections will be joined by threaded flush-joint couplings to form a water-
tight seal. No couplings, organic solvents or glue, lead shot or lead wool will be used in joining

the riser pipe.

Borings for all wells will be advanced using hollow stem augers. The following protocol will

be used to install the well casing and screen if heaving sands are not encountered in the

borehole:
. Upon reaching boring total depth, install a riser pipe with a 10-foot section of
2-inch I.D., threaded, pre-packed, pre-manufactured PVC screen inside the
hollow stem auger.

o Instafl solid riser to ground surface, plus 24- to 36-inch stickup.

If unstable borehole conditions (such as heaving sands) are encountered during auger drilling,

the following protocol will be foliowed for instaliation of the well casing and screen:

. After advancing the boring to the intended total depth, remove the augers from

the borehole.
. Insert a PVC plug into the bottom of the augers.

. Insert the augers back into the borchole, and advance the augers to the

previously-achieved total depth.
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J Insert the casing and well screen assembly into the augers. Unseat the PVC plug
by pulling the augers up 1 foot off of the bottom of the borchole. Remove the

augers to the top of the well screen.

All risers and screens will be set round, plumb, and true to line. The well pipe assembly will
be hung in the borehole, during installation of the well casing and screen, and not allowed to
rest on the bottom of the hole to keep the well assembly straight and plumb. Centralizers will
be installed on all wells greater than 20 feet in depth.

4.6.2 Artificial Sand Pack

A pre-packed well screen containing a sand filter pack will be installed in monitoring wells,
Filter pack design will consist of a "20 to 40" gradation or equivalent. This gradation was
chosen based on previous geotechnical sampling performed at the site. Results of the
geotechnical analysis indicated a significant silt fraction (ranging from 4 to 18 percent) to be
present (ESE, 1993b). The filter pack will consist of clean, inert, noncarbonate silica sand.
Additional sand will be tremied to 2 feet above the screened interval.

4.6.3 Bentonite Seal

A minimum 3-foot thick bentonite pellet seal will be installed above the artificial filter pack into
the annular space of the wells. In wells where the screen is close to the ground surface, a
minimum of 1 foot of bentonite must be placed. A 1- to 2-foot layer of fine to medium sand
may be placed atop the bentonite seal if there is sufficient room, to enhance barrier resistance
to downward grout migration. The bentonite seal will be allowed to hydrate approximately 1

hour prior to placement of the grout collar around the wells.
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4.6.4 Grout Mixture

A non-shrinking cement-bentonite grout mixture will be placed in the annular space from the top
of the bentonite seal to ground surface, The cement-bentonite mixture will consist of Portland
Cement (ASTM C150) and clean water from the approved water source in the proportion of not
more than 7 gallons of water per 94-pound bag of cement. Additionally, 3 percent by weight
of bentonite powder will be added to the mixture to help reduce shrinkage.

4.6.5 Surface Completion

Wells will be completed as shown in Figure B-2. The well riser will be enclosed with a larger
diameter capped steel security casing rising approximately 24 inches above ground level and set
3 feet below grade. The well riser will be notched or marked to provide a top of casing (TOC)
control point. Drain holes will be drilled along the base of the security casing above the
concrete pad. The security cap will have a hinged locking cap feature. Key-alike locks will be
provided for each of the wells. Two sets of duplicate keys will be provided to appropriate
installation personnel and CESAS. The steel security cap will be painted with a rust-inhibiting
paint to prevent corrosion. Four 3-inch or larger diameter steel posts consisting of steel joined
with angle trim to form a secure framework at a sufficient height will be embedded in grout
outside the concrete pad. The posts will be painted a construction orange to make the wells

more visible, and shall be painted with a brush.

Concrete will be placed in the annular space from the top of the environmental (cement-
bentonite) seal to ground surface. Additionally, a 3-foot by 3-foot by 4-inch concrete pad will
be installed around each well. The pads will consist of ready-mix cdncrete mixed in appropriate
proportions of cement and water. The pad will be sloped slightly from the well to the edges of
the pad to allow surface-water run-off. A brass survey medallion will be embedded in an

obvious location on the cement pad.
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FIGURE B-2
TYPE Il MONITORING WELL INSTALLATION DIAGRAM

PROJECT NAME - PROJECT NO.
WELL NO. WELL LOCATION
DATE TIME
GROUND SURFACE ELEVATION BENTONITE TYPE
MANUFACTURER
TOP OF SCREEN ELEVATION
CEMENT TYPE
REFERENCE POINT ELEVATION MANUFAGTURER
TYPE FILTERPACK ___________GRADATION ________ BOREHOLE DIAMETER
FILTER PACK MANUFACTURER L
SCREEN MATERIAL FIELD REPRESENTATIVE
MANUFACTURER DRILLING CONTRACTOR
SCREENDIAMETER .. SLOTSIZE . aApoUNT BENTONITE USED (SEAL)

AMOUNT BENTONITE USED {GROUT)

RISER MATERIAL

—

MANUFACTURER AMOUNT CEMENT USED (GROUT)
RISER DIAMETER AMOUNT SAND USED
DRILLING TECHNIQUE STATIC WATER LEVEL (> 24 hrs. after dev.)
AUGER/BIT SIZE AND TYPE MEASURED ON (Date/Time)
REMARKS
(NOT TO SCALE; LOCKABLE COVER
ALL MEASUREMENTS IN FEET} VENTED CAP WEEP HOLE
PROTECTIVE WELL [T [¥ sTickuP GROUND SURFACE —
POSTS (3) PROTECTOR STICKUP 7
I R TOTAL DEPTH
DIMENSIONS OF [~ | OF BORING (bgs)
CONCRETE PAD
DEPTH TO TOP OF = ks LenaTHOF
BENTONITE SEAL \ "+|  SOLID RISER
DEPTH TO TOP OF
FILTER PACK Sl TOTAL DEPTH
RISER Y OF WELL (TOC)
LENGTH OF
SCREEN SCREEN
i CONCRETE
GROUT
BENTONITE LENSEHAICD)F
END CAP :
FILTER PACK R Y
DRILLER: ‘
QA / QC INSPECTOR:
DISCREPANCIES: -~ CHECKEDBY: - DATE:

Type Il SU-— Rev. 6/94
4-14



Wells installed in high traffic areas will be completed flush with the land surface. The well
casing will be finished to approximately 3 inches bgs and equipped with a sealed locking cap to
prevent surface water from entering the well and to prevent tampering. A load-bearing steel

manhole cover will be installed for protection.

The field geologist or geotechnical engineer shall maintain svitable logs detailing drilling and
well construction practices. Well dimensions, amount, type and manufacture of materials used
to construct each well will be recorded on the Monitoring Well Installation Diagram (Figure
B-2).

4.6.6 Well Identification

Well identification numbers will be sequential to the existing nine wells at the site. The new
wells will be numbered HMW-10, HMW-11, HMW-12, and HMW-13.

A metal plate with the contractor’s name, registration number, well number, depth, installation
date, and TOC elevation will be permanently affixed to the protective casing in a suitable

location to be visible from road or path; and wells will be labeled as "Monitor Well - Not for

Water Supply."”

4.6.7 Investigation Derived Waste Management

The management of investigation derived wastes (IDW) is provided in Section 4.6 of the Work

Plan.
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4.7 WELL DEVELOPMENT

The purpose of well development is to create good hydraulic contact between the well and the
aquifer, and to remove accumulated sediments from the well. The following subsections

describe the procedures for well development.

4.7.1 Well Development Procedures

Each newly-installed well will be developed no sooner than 48 hours but within seven days after

placement of the grout seal. The well development protocol will be as follows:

. Measure the static water level for each well.

. Measure the total well depth. Calculate the volume of water in the well and
annulus,

o Development of the well shall consist of pumping and surging for a minimum of

4 hours and until the well is free of sand. If sediment is still entering the well,
or the water is cloudy [greater than 50 nephelometric turbidity units (NTUs) in
turbidity], then surging or pumping will continue for another 2 hours until little
or no sediment enters the well. Wells that have insufficient recovery to sustain
continuous purging will be pumped dry three times. In sach wells, the wells will
be allowed to recharge to sufficient levels at the site geologist’s professional
judgement between purging. A minimum of five well volumes plus five times the
volume of water lost during drilling and well insta}ldtion shall be removed from
the wells that sustain continuous purging during development. A maximum
turbidity of 50 NTUs shall be achieved at the completion of well development.
If the required clarity of 50 NTUs cannot be achieved, the site geologist will
contact the CESAS Project Manager assigned to the project for resolution.
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The calculation for well volume is as follows:

Ven(@-1,)¢+5)xHx748

Where: v = volume, in gallons
H = height of water in well screen and filter pack in feet
1) = radius of borehole in feet
T, = radius of well in feet
¢ = porosity of filter pack, assumes 30 percent
T = 3.14
7.48 = conversion factor for cubic feet to gallons

The following is a summary of the well development procedures:

o Temperature, specific conductivity, turbidity (ASTM D-1899) and pH will be

monitored before, during, and after development.

L Surging in the wells will be accomplished with a 1%-inch surge block attached to
the development pump. Surging will be conducted manually by moving the surge
block up and down along the screened interval. Well development will be
accomplished with a QED-brand (or equivalent) purge pump or by hand using a
bailer.

. The interior of the well casing and the entire well cap should be washed
with water recovered during development. This will be performed during

the development.

. Record physical characteristics of water throughout well development (i.e., color,

turbidity, odor, etc.) at 30-minute intervals, minimum.
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o Record the total quantity of water removed (five well volumes plus five times the
volume of water lost during drilling/well installation, or to dryness three times).

. Water will not be added during development.

o Measure static water level after at least 24 hours.

. After final development, collect one liter of water from the well in a clear glass
jar, label it, photograph it, (using 35 mm color print film) and submit color
photographs to CESAS as part of the well development record. The photograph

shall be a closeup and suitably backlit to show the clarity of the water,

. Manage development water as described in Section 4.6 of the Work Plan.

4.7.2 Well Development Records

Well development data will be recorded on Well Development Data sheets. An example is
shown as Figure B-3,

4.8 WELL SAMPLING

Monitoring wells will be sampled following completion of development. The protocol for
obtaining ground-water samples from the wells is provided in the CDAP (Appendix A) which
is included as Appendix A the Work Plan.

4.9 IN-SITU PERMEABILITY TESTING

Hydraulic conductivity tests will be performed on the four new wells at the site following

sampling. The tests to be performed are termed the "slug in" and "slug out" tests. The "slug
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WELL DEVELOPMENT DATA

)

FIGURE B-3 page 1 of 2

PROJECT NAME PROJEGT NO.

DEVELOPED BY CHECKED BY SHEET OF

WELL NO. SITE LOCATION
1, a. Date of installation; b. Date of development:
2. Static Water Level

a. Before development: ft. date/time

b. Atleast 24 hrs. after development: ft. date/time
3. Organic Vapor

a. Before development: ppm  b. After development: ppm
4. Quantity of water loss during drilling, if used: gal.
5. Quantity of standing water in well and annulus bsfore development; gal.
6. Depth from top of well casing to bottorn of well; ft. (from well installation diagram)
7. a. Well diameter: in.  b. Screen length: ft.
8. Minimum quantity of water to be removed: gal. (attach calculation)
8. Depth to Top of Sediment

a. Before development; ft. b, After development: ft.
10. Physical character of water (before/after development):
11. Type and size of well development equipment:
12, Description of surge technique, if used:
13. Height of well casing above ground surface; ft. (from well installation diagram)
14, a. Quantity of water removed: gal. . Time for removal; hir/min.
15. a. 1-Liter water sampie coliected: (ime)  b. Water sample photographed?  YES NO (circle one)
16. Final turbidity in nephelometric units: NTUs
17. Final Imhoff cone measurements < 0.75 mL/L, if applicable:

HF - Rev. 7/95
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FIGURE B-3 page 2 of 2
WELL DEVELOPMENT DATA (continued)

PROJECT NAME PROJECT NO.

DEVELOPED BY CHECKED BY SHEET OF

WELL NO. SITE LOCATION
DATE/ MINUTE DEV./ GALS. PURGED/ pH TEMP. GOND. NTUs REMARKS

TIME GUM. MIN. DEV. CUM. GALS. PURGED

HF -~ Rev. 7/95

4-20



in" test involves inserting a slug (solid PVC rod) into the water column in the well to raise the
water level. (The data derived from the slug-in test will be used only for wells in which the
entire length of the well screen was below the water table interface at the time of testing.) The
water level recovery to a static water level is recorded over time using an electronic pressure
transducer. Readings will be taken logarithmically and recorded until a static water level is
reached. The slug is removed for the "slug out” test and recovery of the water level to 90
percent of the original static water level is recorded over time using a data logger monitor.
Upon completion of the tests, the data will be reduced and analyzed using the Bouwer and Rice,
(1989) double straight-line method.

The data results of the hydraulic conductivity test are then calculated. The following formula
(Bouwer and Rice, 1989) is utilized to calculate hydraulic conductivity (K):

K - W ®p) 1 n o
2L, t Y,
Where: I, = well radius
R, = effective radial distance over which the head difference is
dissipated

T, = radial distance between the well center and the undisturbed aquifer
L, = height of saturated screen
Y, = water level Y at time zero
Y, = water level Y at time

[
[

time since Y,

4.10 SUBMITTALS

Boring logs, well installation diagrams and well development data forms will be maintained by
the qualified field geologist or geotechnical engineer. Appropriate data as outlined in previous

section of this GDAP will be recorded. Two copies of each of these documents with one
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photograph of the recovered development water will be provided to the CESAS Project Manager
not later than 30 days after the survey data is received.

4.11 WELL ABANDONMENT

Should it become necessary to abandon a well, GADNR (1991) guidelines will be followed
depending upon well type, depth, and construction.

4.12 PROJECT ASSIGNMENTS AND PERSONNEL QUALJFICATIONS

The project assignments, organization, and responsibilities are provided in Section 2.0 of the
Work Plan.

4.13 REFERENCES

References are provided in Section 7.0 of the Work Plan.
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1.0 PURPOSE OF SITE SAFETY AND HEALTH PLAN

The health and safety of site personnel and the public is a primary concern during investigations
at potential hazardous waste sites. Thus, a comprehensive, carefully managed, and thoroughly
documented Site Safety and Health Plan (SSHP) is crucial for successful project completion.
This SSHP presents the conditions and hazardous substances known or anticipated to be present
at HAAF Fire Training Area (FTA) and to be addressed by current site investigations. This
SSHP will be used by LAW to identify and mitigate potential site and task-specific hazards, and
select appropriate health and safety protective measures to be instituted for operations to be

undertaken during this site investigation.

This document has been developed based on available background information pertaining to the
sites. The document describes the field implementation of the SSHP, specific personnel
responsibilities and training requirements, protective equipment, site operating procedures,
emergency contingency procedures and medical monitoring. Its flexibility allows unanticipated
site-specific conditions to be addressed to ensure adequate and suitable protection of site

workers.

The SSHP will be used by the Site Safety Officer (SSO) as a field reference manual for safety,
health and emergency response procedures. This SSHP contains information pertinent to specific
conditions at HAAF Fire Training Area. The site-specific procedures for the FTA will be
discussed with all site personnel and made available for review through the Site Manager to
ensure sufficient awareness of potential hazardous conditions and safety procedures at the HAAF
facility and FTA.
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2.0 SCOPE OF HEALTH AND SAFETY PLAN

The SSHP addresses all phases of field operations at the site, including:

3551-0320.26

Responsibilities of key site safety and health personnel
Work practices and standard operating procedures

Hazard identification and assessment, including chemical, physical and biological

hazards

Establishment of work zones [Exclusion Zone, Contamination Reduction Zone
(CRZ), Decontamination Zone, Support Zone]

Level of personal protective equipment and clothing required in each zone during
each task

Exposure monitoring/air sampling procedures
Heat/cold stress monitoring

Entry and exit routes

Decontamination procedures

Response procedures for accidents and emergencies |
Medical surveillance

Training requirements for workers and on-site training

Recordkeeping requirements
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3.0 REGULATORY AUTHORITY

All on-site activities shall be conducted in accordance with applicable Occupational Safety and
Health Administration (OSHA) and other federal, state and local regulations, including the

following:

29 CFR § 1910.120 Hazardous Waste Operations and Emergency Response
29 CFR § 1910.134 Respiratory Protection

29 CFR § 1910.1028 Benzene Standard

29 CFR § 1910 All Other Applicable Regulations

29 CFR § 1926 All Other Applicable Regulations
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4.0 SITE DESCRIPTION AND CONTAMINATION CHARACTERIZATION

This section presents a general description of HAAF and on-site tasks associated with field

investigations.

4.1 BASE DESCRIPTION

Hunter Army Airfield is located on 5,400 acres of land in Chatham County, Georgia, just
southwest of Savannah (Figure 4-1). The airfield is bounded on the north by lightly populated
areas, on the east and south by residential and light commercial areas, and on the west by the
Little Ogeechee River. Figure 1-2 of the work plan (pocket) depicts Hunter Army Airfield and

the site location.

The Fire Training Area (FTA) is in a grassy cleared area approximately 200 feet by 400 feet,
bounded on the north and south by drainage ditches, by the airfield pavement on the east, and
by trees on the west (see Figure 4-2). The FTA consists of a 6,400-square foot grass-covered
concrete pad. the pad has a deteriorated concrete curb around the perimeter with soil bermed
around it. There is a simulated aircraft constructed from a used steel storage tank in the center
of the pad. Fuel (mostly JP-4) for the training fires was supplied from an aboveground storage
tank through a buried pipe located approximately 100 feet north of the training pad. During
training exercises, the jet fuel (JP-4) was pumped onto the surfaces of the simulated aircraft and
ignited. Some of the fuel and water splashed or ran over the top of the curb and berms and
contaminated adjacent soil. This has also led to the contamination of shallow ground water,
Use of the FTA was discontinued in 1991. Previous investigations have taken place at the site.

Tables 4-1 and 4-2 summarize the chemicals detected in ground water and soil, respectively.
4.2 ON-SITE TASKS TO BE PERFORMED
Activities to be performed at the sites may be categorized as either intrusive or non-intrusive.
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FIGURE 4-1
_LOCATION MAP
HUNTER ARMY AIRFIELD, GEORGIA
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TABLE 4-1

SUMMARY OF CHEMICALS PREVIOUSLY DETECTED IN SITE GROUND-WATER SAMPLES

Hunter Army Alrficld FTA
Savannah, Georgia

Chemical Range of Detected
Ground-Water Concentrations (ug/kg)
Arsenic 2.3-71.3
Barium 36.8-564
Cadmium 4
Chromium, total 12-239
Lead 28.6-337
Selenium 2.1-14.4
PAHSs
Benzo(a)anthracene 3.2
Benzo(b)fluoranthene 7
Benzo(g,h,i)perylene 2.3
Chrysene 5.3
Fluoranthene 7.3
Naphthalene 14-43
Phenanthrene 5.2
Pyrene 6.8
VOCs
Benzene 1.9-120
1,2-Dichlorcethene 3.5
Ethylbenzene 82-120
Toluene 0.74-1.8
Vinyl Chloride 12
Xylenes, total 3.39.4

Source: Final Significance of Contamination Report, Hunter Army Airfield Fire Training Area, Fort Stewart,
Savannah, Georgia (ESE, 1993hb)
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TABLE 4-2

SUMMARY OF CHEMICALS FREVIOUSLY DETECTED IN SITE SOIL SAMPLES

Hunter Army Airfield FTA
Savannah, Georgia

Chemical Range of Detected Concentrations (mg/kg)
Arsenic 590-11,980
Barium 3,830-64,400
Cadmium 1,990-3,870
Chromium, total 780-12,800
Lead 1,185-7,390
Mercury 380-790
Selenium 330-790
PAHs 300
Acenaphthene 210-400
Acenaphthylene 210-1,300
Anthracene 160-5,300
Benzo(a)anthracene 180-4,800
Benzo(a)pyrene 260-6,900
Benzo(b)fluoranthene 2,200
Benzo(g,h,i)perylene 150-2,700
Benzo(k)fluoranthene 170-5,300
Chrysene 1,100
Dibenzo(a,h)anthracene 77-13,000
Fluoranthene 200-720
Eluorene 570-2,900
Indeno(1,2,3-cd)pyrene 5.8-41,000
Naphthalene 0.2-8,100
Phenanthrene 140-9,400
Pyrene

YOCs 39
Benzene 1.1-10,000
Ethylbenzene 1.7-240
Methylene Chloride 2.85.5
Toluene 731
Trichlorofiuoromethane 60-57,000
Xylenes, total

Source: Final Significance of Contamination Report, Hunter Army Airfield Fire Training Area, Fort Stewart,
Savannah, Georgia (ESE, 1993b)
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In general, intrusive activities increase the potential for exposure to hazardous materials, Non-
intrusive activities, such as the geophysical survey, tend to pose a lower potential for worker
exposure to chemical hazards because these activities will involve minimal contact with
contaminated media. Intrusive activities, such as the installation of monitoring wells, may
involve direct contact with contaminated media; therefore, the potential for exposure to
hazardous materials is increased. The on-site tasks associated with field investigations at the

FTA will inciude:

o Soil boring and sampling

. Monitoring well installation
. Soil gas sampling

. Ground-water monitoring

. Concrete boring and sampling

3551-0320.26 46 -~ Appendix C



5.0 HAZARD ASSESSMENT/RISK ANALYSIS

The hazards associated with field investigations are unique to each site and are discussed in
detail in this SSHP. This section provides a general description of potential hazards anticipated
during the investigation at the FTA.

5.1 HAZARD IDENTIFICATION

The chemical, physical, and biological hazards associated with site activities are discussed in this
section. Chemical hazards may arise from worker exposure to excessive levels of toxic
contaminants (organic and inorganic chemicals) potentially present in the environmental media
at the sites, via inhalation, incidental ingestion of soils, and/or skin contact. The physical
characteristics, regulatory exposure limits, and health hazards associated with representative

chemicals are provided in tables in site-specific sections.

Physical hazards that workers at HAAF may encounter are due to the physical stresses that the
environmental elements (e.g., temperature, humidity, proximity to heavy machinery, etc.) may
exert upon the worker’s body. Biological hazards refer to plants, animals, and infectious agents

that may present a potential risk to the health and well-being of workers at the site (NSC, 1988).

5.1.1 Physical Hazards

Potential physical hazards that may be encountered during work at HAAF include the following:

o Oxygen-deficient atmospheres and/or areas subject to accumulation of toxic or

flammable contaminants, which have a limited means of egress in confined spaces

. Explosion and/or flammability of contaminants

3551-0320.26 5-1 Appendix C



Heat or cold stress, depending on season of work

Physical/electrical hazards associated with working in the vicinity of overhead

power lines and/or underground utilities

Physical hazards associated with the use of heavy equipment such as backhoes and
drilling rigs

Physical hazards associated with working in limited spaces

Physical hazards associated with working in remote areas and areas of dense

vegetation, such as brush and brambles

Physical hazards associated with sampling surface-water areas (i.e., slipping,
falling, drowning)

Physical hazards associated with excessive noise level from drilling equipment or
aircraft

5.1.2 Biological Hazards

Potential biological hazards that may be encountered during work at HAAF include the

following:

3551-0320.26

Contact with poisonous plants and animals (snakes)
Contact with insects such as mosquitos, ticks, bees, wasps, hornets, chiggers, etc.

- Personnel should be alert when working near cool and shaded areas.
Packaged materials, stored clothing, steel casing, etc., also provide

favorable "hiding" places for snakes and insects.
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5.2 CHEMICAL INDICATORS OF HAZARD

The primary constituents of concemn at this site are heavy metals (lead, arsenic, chromium,
selenium), polynuclear aromatic hydrocarbons (PAHS), and petroleum fuel constituents. JP-4
jet fuel is known to have been used at this site, so its common volatile components, benzene,
toluene, ethylbenzene, and xylene, will also be considered constituents of concern. Table 5-1
presents the OSHA Permissible Exposure Limits, Time Weighted Average (OSHA PEL-TWA),
American Conference of Governmental Industrial Hygienists Threshold Limit Values (ACGIH
TLVs), odor thresholds, ionization potentials, and symptoms of exposure for each chemical of

concern.

Chemical indicators of hazard were selected from the primary constituents of concern at the site
based on toxic and hazardous properties. The chemicals that have the greatest potential to cause
adverse health effects at the lowest concentrations were selected as indicators in order to
establish the most protective action level guidelines during field investigations. Bxposure
monitoring for the presence of these chemicals will be conducted during all intrusive

investigative activities at this site.

Action guidelines for each chemical have been established based on regulatory or guideline
exposure limits, or on toxic properties (where exposure limits are not available). These action
guidelines will also protect workers from the other constituents anticipated to be encountered at

the site,
The chemicals selected to serve as indicators of airborne organic vapor hazards at this site are:
. Benzene

. Naphthalene
. Dust hazards

3551-0320.26 5.3 Appendix C
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5.3 EXPOSURE STANDARDS AND GUIDELINES

This section outlines the regulatory protective exposure standards_and guidelines for chemicals
of concern at the FTA. The most stringent standard or guideline for a chemical will be applied

to provide adequate protection for the workers.

5.3.1 Regulatory Protective Exposure Standards

Permissible Exposure Limits (PELs) are the OSHA regulatory standards (enforceable by law)
for personnel protection from exposure to hazardous chemicals. The OSHA PEL is usually
weighted over an 8-hour work day period to represent the exposure over the average work day
which occurs during a 40-hour work week. The Short Term Exposure Limit (STEL) is defined
as a 15-minute TWA exposure which should not be exceeded at any time during a work day,
even if the 8-hour TWA is within the TLV-TWA. The Ceiling Limit is the concentration that
should not be exceeded during any part of the working exposure. PELs are the airborne
concentration (over specified time periods) of a chemical to which nearly all workers may be

exposed, day after day, without adverse effects.

5.3.2 Non-Regulatory Protective Exposure Guidelines

Non-regulatory guidelines for occupational exposure to chemicals are threshold limit values
(TLVs). TLVs are analogous to OSHA’s PELs, but, as guidance, are not enforceable legal
standards. TLVs are established by the American Conference of Governmental Industrial
Hygienists {ACGIH) and are usually time-weighted over an average 8-hour work day per 40-

hour work week.
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5.4 ACTION LEVELS
This section describes the criteria upon which:

. PPE will be selected, upgraded or downgraded.

. Work practice controls will be used.

. Emergency evacuation of on-site personnel will be implemented.

o Prevention and/or minimization of public exposures to hazards created by site

activities will be accomplished.

Air monitoring/sampling will be performed in accordance with Section 11.0, and the resulting
data compared with the action levels described in this SSHP and in the following paragraphs. |
Appropriate actions will be taken as necessary to ensure worker safety and the safety of the

public.

5.4.1 Action Levels: Oreganic Vapor Photoionization Detector and Detector Tubes

Ambient air in the breathing zone and borehole locations will be monitored for organic vapors
at least once every 15 minutes during site operations and with every change in task or work
location. The organic vapor monitering instrumentation to be used are described in Section
11.1. Continuous monitoring will be conducted at locations where vapor buildup is a potential
hazard. Since organic vapor monitors provide only qualitative readings, chemical-specific
detector tubes (Draeger tubes) will be used in conjunction with organic vapor monitoring during

field investigations to monitor for the presence of specific organic vapors.
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5.4.2 Action Levels: Oxygen

Oxygen levels in the breathing zone will be monitored continuously using a portable multi-gas
monitor during intrusive activities and during work at locations where vapor accumulation is a
potential hazard. Action levels for oxygen are not site-specific and are pertinent for all sites at

HAAF. Action levels based on oxygen levels are as follows.

Oxygen Level Action
19.5-23.5% None; normal oxygen level
<19.5% Oxygen deficient atmosphere; stop work,

notify Site Safety and Health Officer ($SO),
ventilate area until normal oxygen levels are
present; or upgrade to Level B PPE

>23.5% Fire/explosion hazard; stop work, ventilate
area until normal oxygen levels are present

4-) 5.4.3 Action Levels: Combustible Gases

Combustible gas monitoring will be performed continuously during intrusive site activities, using
an explosimeter, and at locations where vapor accumulation is possible (i.e., tops of boreholes
or excavations), using a portable multi-gas monitor. Action levels based on Lower Explosive

Limit (LEL) readings monitored at the source are as follows:

LEL Level Action

<10% LEL None; proceed with work and continue
monitoring

>10% LEL Explosion hazard exists; stop work; evacuate

site and ventilate area until levels of
combustible gases fall below 10 percent
LEL
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5.4.4 Action Levels: Dust

Dust levels will be visually monitored in the ambient air within the working zone during all tasks
involving disturbance of soils. If fugitive dust emissions are a potential problem at a site,
suppression techniques will be employed when dust is visible and constant in the work

environment.
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6.0 ACCIDENT PREVENTION

Daily safety and health inspections will be conducted by the Site Safety Officer to determine if
operations are being performed in accordance with this SSHP, aﬁd OSHA. regulations.
Personnel will be alert for potentially hazardous situations and symptoms in themselves and
others that warn of hazardous conditions and exposures. Safety briefings will be conducted by
the SSO to review site-specific hazards and/or changing site conditions so that dangerous
situations can be rapidly recognized and appropriate response taken. A site safety meeting with
all site personnel will be held prior to the onset of field activities and once a week thereafter.
The purpose of the meetings will be to discuss the potential safety and health hazards associated
with field activities, and to ensure that standard operating procedures are followed at all times.

Some topics that will be covered in the briefings are as follows:

. Emergency response procedures

. Chain of command

. Standard operating procedures

. Slip, trip, and fall prevention

o Symptoms associated with heat or cold stress
. Vehicle, drill rig accidents

. Electrical injuries (shocks)

. Physical injuries (blows, cuts, and impacts)

. Insect/animal hazards

. Good housekeeping practices (accident prevention)
. Use of emergency hand signals

Additional topics will be addressed as warranted by site-specific field activities and conditions. |

In the event of an accident/incident, the Contracting Officer shall be notified according to EM
385-1-1. Within two working days of a reportable accident, the Site Manager/Project Manager
will complete and submit the required Accident Reports.
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7.0 STAFF ORGANIZATION, QUALIFICATIONS, AND RESPONSIBILITIES

The responsibilities of personnel for the formulation, implementation and enforcement of the

LAW Health and Safety Program and this SSHP are presented in this section.

7.1 CERTIFIED INDUSTRIAL HYGIENIST (CIH)

The Law Environmental Corporate Consultant in Industrial Hygiene, Dr. Jack Peng, has
responsibility for reviewing the SSHP. Dr. Peng has over seven years experience in hazardous
waste site investigations. The Corporate Consultant does not directly supervise the work
activities of the LAW field personnel or subcontract personnel, but is a major resource in the

development and implementation of safe work practices on the project.

7.2 SITE SAFETY OFFICER

The Site Manager will serve as Site Safety and Health Officer, and will be available during field
activities at HAAF and will be responsible for the field implementation of this plan. These

responsibilities include ensuring the following:

. All site personnel, including subcontractor persennel and authorized visitors, have
received the OSHA required 40-hour health, safety, and emergency response

training and receive annual 8-hour refresher courses.
. All supervisors on site have received the OSHA required 8-hour supervisory

course and are certified in first aid and CPR by the American Red Cross or an

equivalent agency.
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. All site personnel have completed the required medical examination and meet the
qualification criteria for site work as specified in 29 CFR 1910.120 and ANSI Z-
88.2.

o All site personnel, including subcontractor personnel and authorized visitors, have

received appropriate site-specific safety and health training prior to site entry.

. All equipment, including safety equipment, is suitable and adequate for its

intended use.

. Supervisors and project managers meet at least once monthly to review past
activities, to plan ahead for new or changed operations, and to establish safe

working procedures and that a written outline of these meetings is kept on file.

o A site safety meeting with all site personnel is conducted prior to commencement
of field activities, and at least once weekly thereafter and a written record is
maintained which notes the date, time, attendees, subjects discussed and person

conducting the meeting.

. Standard Operating Procedures (SOPs) are followed at all times.

7.3 MEDICAL CONSULTANT

Dr. David Barnes serves as the medical consultant for Law Environmental’s Kennesaw location.
He is a board-certified occupational health physician. If immediate health care is needed during
site operations or a medical emergency arises, the medical personnel employed at Candler

Hospital will be consulted.
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8.0 TRAINING REQUIREMENTS

The following minimum hazard training requirements should be met by all on-site personnel,
including visitors, The SSO is responsible for briefing field personnel regarding potential
contamination that may be encountered at the site, site safety procedures, and the emergency

response plan.

8.1 TRAINING REQUIREMENTS FOR SITE PERSONNEL

A thorough understanding of the types of hazards most likely to be encountered at hazardous
sites and the personal protection measures needed to protect on-site personnel are the first
requirements of a complete HSP. This section describes the minimum training that each project

team member is required to complete before working on site.

8.1.1 Comprehensive Training Requirements

All on-site personnel are required to have participated in a 40-hour comprehensive training
course that complies with OSHA 29 CFR 1910.120. This training should consist of off-site
classroom instruction and field exercises to demonstrate the worker’s familiarity with personal
protective equipment and potential hazards to which they may be exposed. This initial training
includes, but is not necessarily limited to, the following:

. Review of OSHA 29 CFR 1910.120 regulations
. Chemical hazards

. Physical hazards

. Health hazards

. Compatibility of chemicals

. Toxicology (acute exposure, chronic exposure, carcinogens)
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. Medical surveillance
° First aid )
° Physical hazards (radiation, heat/cold stress, noise)
. Site control
. Safe work practices
- OSHA standards
- Common work injuries
- Common work-site hazards
- Drum handling
* Air monitoring
o Protective clothing
o Respiratory protection
. Confined spaces
. Decontamination
. Contingency and emergency planning
. Hands-on training on SCBAs, PPE, respirators, air monitoring, and
decontamination

In addition to the initial off-gite training described above, all general site workers must have a
minimum of three days actual field experience under the direct supervision of a trained,
experienced supervisor. Documentation of this experience must be provided by each worker,

including subcontractor personnel, prior to the start of work.

8.1.2 Annual Refresher Training

Refresher training is an integral part of training and is also required for all on-site personnel.
Site personnel are required to have participated in a minimum of 8 hours of refresher training
meeting OSHA 29 CFR 1920.120 requirements on an annual basis following completion of the
comprehensive training requirements described in Section 8.1. Documentation of this experience

must be provided by each worker, including subcontractor personnel, prior to the start of work.
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8.1.3 Supervisor Training Requirements

Minimum training requirements for health and safety team supervisory personnel are described

below.

8.1.3.1 Site Manager/Site Safety Officer - A Site Manager will be designated to implement the

on-site training and safety requirements during all site activities at the HAAF sites. The Site
Manager is required to satisfy the comprehensive training requirements and annual refresher
training requirements described above, and must have at least eight (8) additional hours of
specialized training pertaining to hazardous waste site management meeting the requirements of
OSHA 29 CFR 1920.120.

8.1.4 CPR/First Aid Training Requirements

At a minimum, two individuals having current certification in CPR and first aid procedures by
the American Red Cross (or equivalent agency) will be continuously present at each work site

during site operations.

8.1.5 Site-Specific Training And Safety Briefing

Site-specific training covering site hazards, procedures and the contents of the SSHP will be
conducted by the Site Manager for all on-site LAW employees, subcontractors and approved
visitors prior to site entry or commencement of work. Hazards specific to the site and the tasks
to be performed, and specification of the proper initial level of PPE for each task will be
discussed. Emergency response procedures and contacts will be reviewed. Standard Operating
Procedures (SOPs) for activities at the site will be outlined. It will be the responsibility of the
Site Manager to ensure that all field personnel are thoroughly familiar with SOPs and the overall

chain of command at the site.
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8.1.6 Visitor Training

Authorized OSHA-trained visitors entering the work site shall receive a safety briefing from the
SSO to inform them of the hazards associated with the site, to explain emergency procedures and
inform them of the recommended level of PPE during the visit. With the exception of
prescription safety glasses, respirators and safety footwear, LAW will provide PPE as needed

for site visitors.

8.2 TRAINING RECORDS

Records will be maintained and available for LAW personnel working at the site to verify
compliance with health and safety training requirements. Records available for review should
include the type of training completed (initial, refresher, supervisory, and site-specific), the

duration, and the dates of training.
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9.0 PERSONNEL MONITORING AND FROTECTIVE EQUIPMENT

The use of appropriate personal protective equipment (PPE), in éonjunction with site entry,
safety, and decontamination procedures will reduce the potential for worker exposure to
hazardous substances present at the site. A personal protective equipment (PPE) program
established in accordance with 29 CFR 1910.120(g)(5) and 29 CFR 1910.134 will be
implemented. The level of protection to be used during field work at the HAAF sites will be
determined based upon conditions indicated by previous investigations at the site, and actual site
conditions encountered and anticipated. Field personnel must be prepared to upgrade their PPE

if an unexpectedly hazardous situation is encountered.

Level D protection will be used initially during non-intrusive field activities at the FTA, and
Modified Level D will be used initially during intrusive field activities covered by this plan.
PPE will be upgraded to Level C and/or Level B, as warranted by the monitoring of site
conditions during work, according to the action levels for monitoring equipment described in

Section 5.0.

It should be noted that the use of PPE can itself create hazards such as heat stress, impaired
vision and mobility, and communications difficulties. Equipment and clothing will be selected
that provides an adequate level of protection, but avoids, to the maximum extent practicable,
potentially adverse effects that can result from overprotection. PPE levels and equipment are
described below.

9.1 LEVELS OF PERSONAL PROTECTIVE EQUIPMENT (PPE)

Three levels of personal protection (level B through D) are described in this SSHP. If Level A
or B PPE is determined to be required to adequately protect workers, work will be stopped and
the CESAS-EN-GH Project Manager will be notified so that the contract can be modified to
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allow upgrade necessary to operate at these levels of protection. The following levels of

protection may be used on site according to the conditions encountered during field operations.

9.1.1 Level D PPE

Level D PPE is considered to be the basic work uniform and is the minimum protection level
for property boundary and survey tasks performed at on-site and off-site areas. Level D PPE

consists of:

o Distinct work clothing (long-sleeved shirts, long pants)

o Safety glasses

o Hard hat (when working around heavy equipment or machinery)
. Steel-toed safety boots meeting ANSI Z41.1 standards

. Ear plugs (as required)

If these tasks require traversing wet or submerged areas, PPE should be upgraded to Modified
Level D (described below).

9.1.2 Modified Level D PPE

Modified Level D PPE will be the minimum protection level for intrusive work and sampling
activities in wet or submerged areas. Level D and Modified Level D PPE provide no
respiratory protection and minimal skin protection, The atmosphere must contain at least 19.5
percent oxygen and no greater than 23 percent oxygen and vapor levels must be below the action
fevels specified in this SSHP. Modified Level D PPE includes the following clothing and
equipment outlined below:
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. Safety goggles or glasses
. Hard hat (when working around heavy equipment or maéhinery)

. Tyvek coveralls or disposable chemical resistant coveralls

. Hip-waders, if field sampling or site activities require working in water or muddy

areas

. Chemical resistant gloves, with optional cotton liners (type of gloves to be worn
are specified in SSHP)

. Face shield for personnel conducting sampling when splash hazard exists (i.e.,

monitoring well sampling)
. Ear plugs (as required based on noise level)
. Steel
. Steel-toed safety boots meeting ANSI Z41.1 standards

. Ear plugs (as required)

9.1.3 Level C PPE

Level C PPE includes the use of a full-face air-purifying respirator, and will be used when
atmospheric conditions of the indicator chemicals exceed action levels specified in this SSHP,
but are below levels Immediately Dangerous to Life and Health (IDLH). Because these
respirators do not use supplied air, air purifying respirators will be used only if the atmosphere

contains at least 19.5 percent oxygen, but does not contain greater than 23.5 percent oxygen.
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Atmospheric concentrations of chemicals must not exceed the maximum use concentration levels

specified on the respirator cartridges.

All field personnel will be trained in the proper use of their respirators, and will be qualitatively
fit-tested for their individual respirators. Each individual will conduct a negative and positive
pressure check prior to each use. When used properly, full-face respirators provide a protection

factor of 50,
Level C PPE equipment includes the following:

. Full-face air-purifying respirator, with combination organic vapor/dust and
mist/HEPA filter respirator cartridges

o Tyvek coveralls or disposable chemical resistant coveralls
o Chemical resistant gloves, with optional cotton liners

. Disposable outer boots {optional)
. Hard hats (as required)
. Earplugs (as required)

9.1.4 Level B PPE

If Level B conditions are encountered, as described in this SSHP, site work will be terminated,
the CESAS-EN-GH Project Manager will be notified by the Site Manager/Site Safety Officer.
The contract may then be modified to allow upgrades necessary to operate at this level of

protection. Level B equipment includes the following:
* Pressure-demand (positive pressure) self-contained breathing apparatus (SCBA),

NIOSH approved, or NIOSH approved pressure-demand supplied air respirator

with 5-minute emergency escape bottle
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. Chemically resistant hooded c;overalls (to be slz;eciﬁed in the SSHPs)
. Inner gloves, chemically-resistant

o Outer gloves, chemically-resistant

. Hard hat (as required)

. Disposable outer boots {optional)

. Two-way communication system

. Ear plugs (as required)

Level B can be used only when chemical vapors or gases present cannot be easily absorbed

through intact skin or are not harmful to the skin.

9.2 RESPIRATORY PROTECTION

In accordance with the requirements of 29 CFR 1910.134, respirators are selected on the basis
of hazards to which the worker is exposed. Air-purifying respirators should not be used under

the following conditions:

. Oxygen-deficient atmospheres

. IDLH-level concentrations of site constituents

o Entry into unventilated or confined area where the exposure conditions have not
been characterized
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° Contaminant concentrations are unknown or exceed designated maximum use

concentrations for respirators
. Identified gases or vapors have inadequate warning properties

. High relative humidity may reduce the protection offered by the chemical sorbent

material in the respirator

9.2.1 Fit Testing

Fit testing procedures are performed to ensure the proper fit of the respirator, and personal
comfort of the user. Qualitative fit testing involving a chemical challenge is performed as part
of the initial respirator selection process. These methods are contained in 29 CFR 1910.1028
and include isoamyl acetate (banana oil) and irritant fume testing protocols. Fit testing is
performed at least every six months, or if physical changes in face structure have occurred or

significant weight gain or loss (greater than 20 pounds) has occurred.

Prior to entry into the Exclusion Zone, the respirator user will perform a positive and negative
pressure check upon donning the respirator to ensure a tight face-to-facemask seal. Adjustments
will be made until a proper fit is achieved. The respirator is not to be used if a proper seal is
not achievable. Facial hair such as beards or long sideburns are prohibited, as they interfere
with the seal. Contact lenses are also prohibited.

0.2.2 Respirator Maintenance/Inspection Storage

Air-purifying respirators will be stored and maintained properly and checked before and after
each use., Respirators will be dismantled, washed and disinfected after each use. Clean

respirators will be stored individually in sealable plastic bags or in their original cartons in a
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clean, convenient location. Respirators will be inspected before each use for material damage
(pliability, deterioration or distortion, cracks, crazing or fogginess). Worn or deteriorated parts
will be replaced. Respirator cartridges will be checked to ensure that they are proper for the
intended use, the expiration date has not passed, and that they have not been opened or used
previously. Based on breakthrough (but only if odor is an adequate warning property, i.e., odor
threshold is below the TWA-PEL), cartridges should be changed out when chemical odor is

noticeable to worker.
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10.0 MEDICAL SURVEILLANCE

All personnel involved in on-site operations must participate in an 7olngoing medical surveillance
program meeting the requirements of OSHA 29 CFR 1920.120/29 CFR 1926.65 (f), ANSI Z-
88.2, and 10 CFR 20 before working at the site. The medical surveillance protocols and
examination results are overseen by a licensed physician who is certified in Occupational
Medicine by the American Board of Preventative Medicine, or who, by necessary training and

experience, is Board-eligible.

10.1 MEDICAL EXAMINATIONS

In consultation with the occupational physician, and based upon probable site conditions,
potential occupational exposures and required protective equipment, the minimum content and

frequencies of required medical examinations are as follows:

. Initial Examination (preliminary to employment) - Determines complete medical
history and minimum physical requirements. Tests include vision, hearing, smell,

speech, drug screening, and urinalysis.

. Baseline Physical - Performed prior to potential exposure to hazardous/toxic
substances, The baseline examination will establish data to subsequently verify
the efficacy of protective measures and to later determine if exposures have
adversely affected the worker. The standard biomedical monitoring performed
includes a full physical, EKG, chest X-ray, hematology evaluation [including
complete blood count, differential and platelet count, hemoglobin and hematocrit,
urinalysis, vision screem, executive profile (SMA-22, CBC, thyroid profile),
pulmonary function test, audiometry, and proctoscopic examination (at the

physician’s discretion)].
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. Amnual Examination - Same as Baseline Physical, with the exception that the
EKG, chest X-ray, andiometry, and proctoscopic examinations (male personnel

only) are performed at the discretion of the examining physician.

o Special Medical Surveillance Parameters - Additional examinations and tests
may be performed following exposure to hazardous substances, or if deemed
necessary by the examining physician, as indicated by the medical history and/or
initial examination results. The evaluation will be repeated as indicated by
substandard performance or evidence of particular stress evidenced by injury or

time loss due to injury by the worker.

. Final Examination - A final examination will be performed for any employee

terminating employment.

10.2 MEDICAL SURVEILLANCE RECORDS

Records certifying the participation of the worker in the medical surveillance program, the date
of the last examination, and name of reviewing occupational physician will be maintained in the
employees file for each employee. The written medical opinion from the attending physician
as to fitness for site work and wearing respiratory protection is maintained in the employee’s
files and will be made available upon request for any LAW employee. Subcontractor personnel
will be required to supply fitness for work certification prior to work on the sites,

10.3 FITNESS FOR WORK CERTIFICATION

At a minimum, each person who wears respiratory protection must meet the requirements of 29
CFR 1910.134. A certification in the employee’s files from the examining physician is required
stating the person is “fit for duty” to wear the required PPE, including air-purifying respirators
or SCBA, and perform the required work.
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11.0 EXPOSURE MONITORING/AIR SAMPLING PROGRAM

Monitoring for the presence of hazardous conditions will be perfdﬁned.. during work to prevent
personnel exposure to chemical and physical hazards. Information gathered from air monitoring
will be used to determine appropriate on-site protective measures and to design appropriate
contingency plans and/or control measures which limit the potential for migration of constituents

away from the site. Monitoring activities and equipment are described in the following sections.

11.1 MONITORING EQUIPMENT USE AND LIMITATIONS

Monitoring instruments to be used at the site include the following: a photoionization detéctor;
a combination combustible gas/oxygen/hydrogen sulfide indicator; and chemical detector tubes
able to quantify specific organic vapor levels. Limitations on the use and application of
monitoring instruments will be described in this section of the SSHP. All atmospheric
monitoring equipment will be calibrated daily in accordance with the manufacturer’s instructions.
Table 11-1 lists the tasks, and monitoring equipment, to be used when measuring combustible

gases, oxygen, and organic vapors, during site activities.

11.1.1 Vapor Monitoring

Monitoring for organic/inorganic vapors will be performed in the breathing zone of the worker
nearest to the borehole during intrusive activities and/or at the source (as appropriate) to
determine appropriate levels of PPE to be used during work. A photojonization detector (PID)

will be used in conjunction with chemical-specific detector tubes to detect organic vapor levels.

Atmospheric monitoring measurements obtained are compared with 50 percent of the OSHA
Permissible Exposure Limits (PELs) and/or 50 percent of the ACGIH Threshold Limit Values,
whichever standard is lower. Site-specific action criteria based on the results of vapor

monitoring are specified in the site-specific SSHPs.
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TABLE 11-1

ATR MONITORING EQUIPMENT CRITERIA FOR
FIELD INVESTIGATION ACTIVITIES

Hunter Army Airfield FTA
Savannah, Georgia

TASKS TO BE TYPE OF MONITORING
PERFORMED ACTIVITY EQUIPMENT
Soil Borings Intrusive Combustible Gas Indicator
Oxygen Meter
PID/Dracger Tubes"
Monitoring Well Installation Intrusive Combustible Gas Indicator
Oxygen Meter
PID/Draeger Tubes”™
Soil Sampling Intrusive Combustible Gas Indicator
Oxygen Meter
Ground-water Sampling Intrusive Combustible Gas Indicator
Oxygen Meter
PID/Draeger Tubes
Monitoring Well Intrusive Combustible Gas Indicator
Development and Sampling Oxygen Meter
PID/Draeger Tubes”
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11.1.1.1 Photoionization Detector (PID) - The PID is designed for use with interchangeable
probes with lamps of different energies (10.2 eV, 9.5 eV, and 11.7 eV). Lamps are selected
based on the ionization potential (IP) of suspected contaminants on site; the lamp energy must
be equal to or greater than the IP of a compound for the compound to be detected.

The PID is sensitive to many organic and inorganic vapors/gases and therefore, cannot be used
as a qualitative instrument in unknown situations. It is strictly quantitative except when the
nature of the contamination is known, and the instrument has been calibrated. High humidity
decreases the sensitivity of the PID and therefore should not be used during rainfall.
Atmospheres with concentrations of gases above the upper range of the instrument may cause

inconsistent behavior.

A 11.7 eV lamp will be used in the PID and the span control will be set at 9.8 (benzene
equivalent). Action levels for the PID are designed to be used in conjunction with the benzene
detector tubes (Draeger tubes) and are based on half of the lowest TWA PEL or TLV of the
suspected contaminants, Readings for the Draeger tubes and for the PID are referenced to above
background and reflect those sustained for greater than 5 seconds in the breathing zone. If
action levels requiring the use of Dracger tubes are reached, Draeger tube monitoring shall be

performed every 15 minutes until PID concentrations fall below action Ievels.

11.1.2 Oxygen, Hydrogen Sulfide and Combustible Gas Monitoring

A portable triple-gas monitor will be used to monitor the atmosphere for oxygen, hydrogen
sulfide, and combustible gases. Oxygen levels are monitored to determine the presence of
oxygen-deficient or oxygen-enriched (flammable/explosive) atmospheres. Monitoring for
hydrogen sulfide (H,S) gas will be performed to determine its presence in ambient air at
applicable sites (i.e., landfills). Combustible gas Ievels will also be monitored to determine the

fire or explosion hazard and actions to be taken in response to these hazards.
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The triple-gas meter will be used continuously on sites where there is the potential for vapor
buildup or the potential for oxygen deficient/oxygen enriched atmospheres. Readings will be
taken at the source (i.e., at the tops of boreholes and monitoring wells) and in the breathing
zone. Air-purifying respirators do not protect against oxygen-deficient atmospheres and should

not be used when these conditions are present.

Air-purifying respirators do not provide protection for hydrogen sulfide (H,S) gas, due to its low
PEL and poor warning properties. Level B PPE must be used in oxygen-deficient atmospheres
and when H,S gas levels exceed the action level. Action criteria based on oxygen, H,S, and

explosive gases are presented in Section 5.4.3.

11.1.3 Chemical-Specific Detector Tubes

Chemical-specific detector tubes will be used to detect and quantify specific organic vapor levels
at the sites. Detector tubes indicate the presence of a particular chemical by a color change in

the tube’s packing material. A pre-specified sample volume is drawn through the detector tube

_at a constant flow rate. If the sample contains the vapor or gas in question, it will react with

the chemical on the packing material, resulting in a color change. Action criteria for organic

vapors are provided in Table 11-2.

11.2 MONITORING ACTIVITIES

Monitoring for chemical and physical hazards during site activities is a primary component of

this SSHP. The monitoring program is described in the following section.
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11.2.1 Meteorological Monitoring

Meteorological monitoring will be conducted at each site to assess the possibility of varying
sample results and to assess the potential for physical hazards (i.e., heat and cold stress).
Meteorological information that will be collected includes, but is not limited to, the following:

. Temperature
. Wind direction
. Wind speed

Temperature may affect the performance of the monitoring equipment. Wind speed and
direction are used to assess possible contaminant migration, and are used to set up the location
of exclusion zones, support zones, etc. Wind speed is alsc used for estimating cold stress to

workers at the sites.

11.2.2 Noise Monitoring

Unacceptable levels of noise can be expected when working in close proximity to aircraft and
drilling equipment. It should be assumed that hearing protection will be required when working
around drilling operations or within 250 feet of an aircraft which is revving its engines or when

working in a flyover zone at HAAF.,
Hearing Protection:

° Expandable foam earplugs will be worn whenever personnel are working in

proximity of drilling operations or operational aircraft.

. Minimum Noise Reduction Rating (NRR) for earplugs or muffs is greater than
or equal to 25.
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. Hand signals will be used when noisy conditions exist and/or when hearing
protection equipment is used. The hand signals to be used will be discussed and

agreed upon by site personnel before continuing work with hearing protection.

11,2.3 Dust Monitoring and Control

When soil contamination exists, the potential exists for inhalation and/or skin exposure to
contaminated fugitive dusts re-suspended by mechanical disturbance or wind. There is a
potential for skin and/or inhalation exposure to dusts that may be contaminated with metals at
this site. Prior to performing field activities in dry, dusty areas where particulate matter is likely
to be encountered, workers will wet down the area of activity with water in order to decrease
dust generation and the potential for dust inhalation. If the wetting process is expected to result
in potentially contaminated run-off, measures to contain run-off should be undertaken. In the
event that dust suppression measures are not possible, personnel must wear Level C protection,
including full-face air purifying respirators with HEPA cartridges when intrusive activity
produces dusty conditions. The presence of visible dust emissions will be the criterion upon

which PPE upgrade or dust suppression measures will be implemented.

11.2.4 Logs and Recordkeeping

Instrument calibration information and the results of monitoring should be documented daily in

the SSO’s field log for each site. An example of the appropriate format is given in Figure 11-1,

11.2.5 Heat and Cold Stress Monitoring

‘The Site Manager will provide all project personnel with the necessary training and monitoring
designed to prevent personnel injury due to heat or cold stress, as dictated by weather

conditions. This monitoring shall commence when the ambient environmental temperature
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FIGURE 11-1
DAILY INSTRUMENT CALIBRATION FORM

Hunter Army Airfieid FTA
Savannah, Georgia

SITE LOCATION: DATE:

CALIBRATION PERFORMED BY:

CALIBRATION STANDARD: CONCENTRATION:
INSTRUMENT CALIBRATED DATE/ INSTRUMENT
(specify model}/serial no. TIME READING INITIALS COMMENTS
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exceeds 70 degrees Fahrenheit (for heat stress) or falls below 40 degrees Fahrenheit (for cold
stress). In addition, all field personnel will be provided rest breaks. The break areas shall be
situated so that personnel may remove the chemical-protective clothing, rest in a protected area,
and drink cool or warm fluids (as the weather dictates). Working within protective clothing,
such as may be required for this project, places a significant physiological stress upon the
worker. For this reason, the personnel and environmental measurements described below will
be conducted for those personnel required to wear chemical-protective clothing as a part of this
project. In very hot conditions, careful thought should be given as to type of PPE worn. In
some cases, PPE should be downgraded as much as possible, since the onset of heat stress may

be a greater hazard than the actual constituent of concern.

11.2.5.1 Heat Stress Monitoring - Heat stress can be a major hazard for personnel wearing
PPE. Depending upon the ambient conditions and the work being performed, onset of heat

stress can be rapid.

Early signs of heat stress include heat rash, heat cramps (muscle spasms), discomfort and
drowsiness. Continued heat stress can result in heat exhaustion, with symptoms including pale,
cool, moist skin, heavy perspiration, dizziness, nausea and fainting. Extreme heat stress can
result in heat stroke, as body temperature regulation fails and the body temperature rises to
critical levels. Symptoms of heat stroke include red, hot, usually dry skin, absence of or
reduced perspiration, nausea, dizziness and confusion, strong, rapid pulse and coma. Measures
to prevent the occurrence of heat stress consist of avoiding overprotection, training and
monitoring of personnel wearing PPE, scheduling of work and rest periods, and frequent

replacement of fluids.

During hot working conditions, rest breaks shall be established based upon the results of
physiological monitoring combined with environmental factors measured using a Wet Bulb Globe
Temperature index (WBGT). WBGT values are calculated using the following equations
(ACGIH, 1993 - 1994):
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1. Outdcors with solar load;

WBGT = 0.7NWB + 0.2GT + 0.1DB

2. Outdoors with no solar load:

WBGT = 0.7TNWB + 0.3GT

where: WBGT = Wet Bulb Globe Temperature
NWB = Natural Wet Bulb Temperature
GT = Globe Temperature

The determination of WBGT will be performed, by the Site Manager, using a heat stress monitor
containing a black globe thermometer, a natural wet-bulb thermometer, and a dry-bulb
thermometer. The WBGT and the Permissible Heat Exposure Threshold Limit Values provided
in Table 11-3 (ACGIH, 1993-1994) will be used to determine the Work-Rest schedule.

If symptoms of heat stress are exhibited by workers, the pulse rate and body temperature will
be monitored during all tasks (as deemed appropriate by the Site Manager). Action guidelines

are as follows:

o Pulse rate: Determine normal resting pulse rate prior to start of work. Monitor
pulse rate as soon as possible at beginning of rest period. If the rate exceeds the
determined normal resting pulse rate by 40 beats per minute (BPM), shorten the
next work period by one-third without changing the rest period. If the pulse rate
is greater than 40 BPM above the resting pulse rate at the start of the next rest
period, shorten the following work cycle again by one-third. Repeat until pulse

rate at beginning of rest period is Iess than 40 BPM above resting pulse rate.

. Body Temperature: Determine the body temperature at the end of the work cycle
and before drinking. If the temperature is greater than 99.6 degrees Fahrenheit
(37.6 degrees Celsius), shorten the next work cycle by one-third without changing
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TABLE 11-3

ACGIH PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES

Hunter Army Airfield FTA
Savannah, Georgia
WORK LOAD

WORK/REST REGIMEN

LIGHT MODERATE HEAVY
Continuous Work 86°F (30.0°C) 80°F (26.7°C) 77°F (25.0°C)
T5% Work
25% Rest
{each hour) 87°F (30.6°C) 82°F (28.0°C) 78°F (25.9°C)
50% Work
50% Rest
(each howur) ' 89°F (31.4°C) 85°F (29.4°C) 82°F (27.9°C)
25% Work
75% Rest
(each hour) 90°F (32.2°C) 88°F (31.1°C) 86°F (30.0°C)

NOTE: Values are given in °F (and °C) Wet Bulb Globe Temperature. For unacclimatized workers, the
permissible heat exposure TLYV should be reduced by 2.5°C.

Reference: 1993-1994 Threshold Limit Values for Chemical Substances and Physical Agents and Biological
Exposure Indices, American Conference of Governmental Industrial Hygienists.

TLV WBGT CORRECTION FACTORS IN °C FOR CLOTHING

Clothing Type Clo Value” WBGT Correction
Summer work uniform 0.6 0
Cotton coveralls 1.0 -2
Winter work uniform 1.4 -4
Water barrier, permeable 1.2 -6

*Clo: Insulation value of clothing. One clo unit = 5.55 keal/m%hr of heat exchange by radiation and convection
for each °C of temperature difference between the skin and adjusted dry bulb temperature.
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the rest schedule. Repeat. DO NOT permit a worker to wear semipermeable or
impermeable clothing when his/her body temperature exceeds 100.6 degrees
Fahrenheit (38.1 degrees Celsius).

11.2.5.2 Cold Stress - Cold injury (frostbite and hypothermia) and impaired ability to work are
dangers at low temperatures and when the wind-chill factor is low. Prolonged exposure to cold
air with a high wind chill factor or immersion in cold water can produce hypothermia at
temperatures well above freezing. Symptoms of cold stress include pain in the extremities and
severe shivering. A marked reduction in body temperature reduces mental alertness and the
ability to make rational decisions and may result in loss of consciousness with potentially fatal
consequences. Cold exhaustion is another potential adverse effect which can occur with
strenuous field operations during cold weather. Measures to prevent cold stress and injury
include ensuring that workers are appropriately dressed to prevent exposure to cold so that their
deep core temperature does not fall below 98.6 degrees Fahrenheit (36 degrees Celsius);
providing warm shelter for workers; monitoring the physical condition of workers; and

implementing a work/rest schedule to allow workers to replenish liquids and calories.

Permissible cold exposure TLVs for work where dry clothing is worn are shown in Table 11-4,
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12.0 STANDARD OPERATING PROCEDURES/ENGINEERING CONTROLS
AND WORK PRACTICES

The following procedures will be used during the investigations at HAAF to protect the health
and safety of on-site personnel.

12.1 GENERAL SITE RULES/OPERATING PROCEDURES
. Personnel will not be permitted to work when sick or injured.

o Hand signals will be established to maintain communications when -noisy
conditions are present (see Section 13.3 for standard hand signals). These signals
will be reviewed by the SSO prior to the start of work each day.

. Any facial hair which interferes with the face to face-piece seal of the respirator
will not be permitted on personnel required to wear such equipment. Contact
lenses will not be allowed to be worn in conjunction with the use of respiratory
protection. Arrangements should be made by the SSO prior to site mobilization
to obtain spectacle kits for those who may need them.

. Procedures for entering and leaving the Exclusion Zone will be planned and
reviewed by the SSO prior to entering the site,

. No personnel will be admitted to the site without proper safety equipment and
training. Authorized visitors will be briefed by the SSO regarding the SSHP and

emergency procedures before entering work areas.

o All personnel will be required to comply with the safety procedures established
in this document. Any person who does not comply with safety policy, as
established by the SSO, will be immediately dismissed from the site.
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o Any medical emergency supersedes routine safety and decontamination
requirements. If an employee experiences a life-threatening accident or illness,
decontamination is not necessary. prior to medical treatment or transport to a
medical facility if the decontamination process will aggravate the injury or delay
life-saving treatment. Figure 12-1 is an example of a decision aid for determining
if emergency decontamination is necessary (NIOSH/OSHA/USCG/EPA, 1985).

. Portable generators/welders shall have an effective ground rod installed and
bonded.

. Iumination levels, in the general work area, must average no less than 5-foot
candles.

12.1.1 Buﬂdy System -

. A buddy system will be used at all times when working at HAAF. Work teams
will be established prior to site entry by the Site Manager. The buddy will
provide his/her partner with assistance; observe his/her partner for signs of
chemical, physical, or biological exposure; periodically check the integrity of
his/her partners PPE; and notify the SSO if emergency help is needed.

. During site operations, each worker will consider himself/herself as a safety
backup to his/her partner. Arrangements will be made with off-site personnel to
provide emergency assistance prior to site entry and commencement of work, All
personnel will be made aware of dangerous situatiohs that may develop in the
course of work and response actions to be taken to prevent accidents and respond

to emergencies.

. Visual contact will be maintained between buddies in the Exclusion Zone at all
times.
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FIGURE 12-1

DECISION AID FOR EMERGENCY DECONTAMINATION

HUNTER ARMY AIRFIELD FTA
SAVANNAH, GEORGIA

Life-Saving
Procedures

Deconiaminate as
Much as Possible

Further
Medical Attention
or Surveillance

A

_#* Contaminants
Extremely

Perform Life-Saving

Proceedures

YES

Grossly Decontaminate

Conlaminated Areas

E
g and/or Cover or Wrap
|

Report to Superiors
for Instructions

Additional
Emergency
Care Required?

“YES

Transport to
Medical Facility

Source: NIOSH/ OSHA / US‘CG/ EPA, 1985 .
Occupational Safety and Health Guidance Manual
for Hazardous Waste Site Activities. USDHHS.
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12.1.2 Eating, Drinking, Smokin

Bating, drinking, chewing gum or tobacco, smoking, or any practice that increases the
probability of hand-to-mouth transfer and ingestion of hazardous material is prohibited in the
Exclusion Zone and CRZ. A rest area in which eating/drinking/smoking will be permitted will
be established in a clean area in the Support Zone.

12.1.3 Use of Alcohol and Drugs

The use of illegal drugs is prohibited at the site. Alcoholic beverage intake is prohibited at all
HAAPF locations and during the work day at any location.

12.2 SITE ENTRY PROCEDURES

) Before entering the work site, all field personnel will review site-specific information and work

procedures for:

o Expected hazards

. Special conditions such as natural disasters or multiple person injuries
. Procedures related to proper performance of task

. Hand/horn signals

o Decontamination facility location and procedures

o Locations of telephones and emergency equipment

. Emergency medical information, including hospital location

. Level(s) of initial PPE required and action levels for upgrade

o Location of supplies and equipment

. Condition and functioning of safety gear and equipment
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The following equipment will be used at the site depending on site-specific conditions:

e Standard Tyvek or chemical resistant coveralls and coverall hoods
o Hard hats ]

. Goggles or safety glasses

* Chemical-resistant gloves, latex gloves, cotton underliner gloves

. Steel-toed neoprene safety boots meeting ANSI Z41.1 standards

. Disposable outer boot covers
. Face shields
. Full-face, air-purifying respirator with combination cartridges suitable for organic

vapors, dusts, mists
. Emergency eyewash
. First aid kit(s)
. Field standard operating procedures and safety references
. Plastic bags to keep spare equipment clean

Backup equipment and spares will be maintained, including, but not necessarily limited to:

° Duct tape

o Respirator wipes or isopropyl alcohol swabs

o Disinfectant spray for boots and gloves

. Trash containers, plastic bags, and drop cloths

. Decontamination supplies (tubs, brushes, decontamination solutions)
. Paper towels

. Extra PPE supplies

o Extra air monitoring supplies

Set up buddy system and work teams prior to entering site. If any person develops any physical
discomfort, such as lightheadedness, the worker must stop work, notify his buddy, return to the
designated contamination reduction zone and report to the SSO.
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12.3 SITE ACTIVITIES

This section describes activities to be performed on site at HAAF.

12.3.1 Material Handling Procedures

Material handling will be performed in accordance with the requirements of 29 CFR 1910.120.
Drums and containers will meet the Department of Transportation (DOT), OSHA, and
Environmental Protection Agency (EPA) regulations for the materials that they are to contain.

12.3.2 Drilling and Well Installation

In addition to those previously described, the following safety and operating procedures should
be followed at all times during drilling and well installation operations:

. Underground utilities and overhead lines (i.e., sewer, water, gas, electric, fuel)

will be located and locations marked prior to starting any excavation work.

. Equipment furnished for use on the site is to be maintained in safe operating
condition and be operated by qualified operators. Any cranes, pressure vessels,
and large earth-moving equipment will have valid certificates and logs of
inspection and maintenance. All equipment used on site will be inspected daily

at the start of each work shift.

. Portable electric tools shall be protected with ground fault circuit interrupters.

. Hand tools are to be kept clean and serviceable and shall be neatly arranged.
Non-sparking tools should be used in areas where explosive or flammable liquids

were manufactured or stored.
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3551-0320.26

Worn or otherwise defective tools will be immediately repaired and/or replaced.

Adequate provisions will be made to prevent pipe, drill collars, drill stems, or
simifar round material from accidentally rolling off a storage rack.

Personnel will not be permitted on, or on the ground adjacent to, a vehicle on
which pipe, or similar round material, is loaded, where they would be in danger
of such material rolling off the vehicle, unless one or more of the following

precautions have been taken:

a. The pipe or similar round material on the vehicle is secured with binder

chains or similar devices.

b. An adequate number of stakes of sufficient height and strength are in the
vehicle bed or bolsters.

c. The skids for rolling or skidding the pipe or similar round material to or

from the vehicle are securely in place.

In using chains, avoid sudden or abrupt application of loads. Take up slack
slowly and see that every link in the chin seats properly.

Where toxic materials are used, only authorized personnel will handle the

materials, and safety equipment should be specified and used.

All drilling operations will be monitored, either by area testing or personnel
testing, for organics and inorganics (hydrogen sulfide). In addition, the
combustible gases will be monitored. If elevated readings are encountered above
action levels, appropriate action must be taken to provide personnel with

appropriate protection.
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12.3.3 Safe Working Distances From Power Lines

Safe working distances of drill rigs/heavy equipment from power lines are indicated below
(USACE, 1977). '

. When operating near high voltage power lines:

Normal Voltage Minimum Required
(phase-to-phase) _ Clearance
< 50kV 10 ft. (3.05 m)
50 to 100 kV 12 ft. (3.66 m)
101 to 200 kV 15 ft. (4.60 m)
201 to 300 kV 20 ft. (6.10 m)
301 to 500 kV 25 ft. (7.62 m)
501 to 750 kV 35 ft. (10.67 m)
751 to 1000 kV 45 ft. (13.72 m)
o While in transit with no load and boom or mast lowered:
Normal Voltage Minimum Required
(phase-to-phase} Clearance
< 50kV 4ft. (1.22 m)
50 to 345 kV 10 ft. (3.05 m)
> 345 kV 16 ft. (4.87 m)

No work shall be performed, i.e., raising of the mast, without first contacting appropriate site

personnel as to electric hazards involved.

12.3.4 Machine Guarding

The following requirements for machine guarding will be followed:
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All self-propelled construction equipment, whether moving alone or in

combination, will be equipped with a reverse signal alarm. The alarm should
operate automatically upon commencement of backward motion and continue

throughout the duration of backward motion.

. All reciprocating, rotating or moving parts should be guarded when exposed to

contact by persons or otherwise create a hazard.

. All equipment hot surfaces, including exhaust pipes, should be guarded or

insulated to prevent personnel injury or fire,
. Protection against the elements, falling or flying objects, swinging loads and
similar physical hazards will be provided for operators of all machinery

equipment.

. Getting on or off any equipment while in motion is prohibited.

12.3.5 Fall Protection

The activities to take place at HAAF will not take place over water, machinery, dangerous
operations, or more than 25 feet above ground surface. Safety nets will not be required during

work at the site.

12.3.6 Illumination

Supplemental illumination will not be needed for most of the work at HAAF, as the work will
be taking place out-of-doors during daylight hours. If entry into confined spaces is to take place,
artificial lighting will be necessary [per 29 CFR 1910.120(m)]. Where artificial light is used,
it will be intrinsically safe and maintained until all personnel have exited the area.
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12.3.7 Sanitation

Potable water will be available in the Support Zone [per 29 CFR 1910.120 (n)]. Personnel
should wash hands with potable water prior to exiting the area. There shall be absolutely no
smoking, eating or drinking in any zone other than that of the support zone.
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13.0 SITE CONTROL MEASURES

Delineation of work zones, communications procedures, and site access procedures implemented

at HAAF are discussed in this section.

13.1 SITE ACCESS AND SECURITY

A check-in and check-out system will be used so that there is a written record of all personnel,

including visitors, in each work zone at all times, This information may be recorded in the field

log book.

13.2 WORK ZONES

Each site will be divided into three zones, based on the potential for exposure to hazardous

conditions and activities to be performed:

. Exclusion Zone
. Contamination Reduction Zone (CRZ)
. Support Zone

13.2.1 Exclusion Zone

The Exclusion Zone is the area of greatest contamination and presents the highest potential for
worker exposure to hazardous conditions, The Exclusion Zone includes all active work areas.
The outer boundary of the Exclusion Zone will be clearly marked, and access will be restricted
to personnel performing tasks at the site. Personnel entering the Bxclusion Zone must wear the

mandated level of PPE designated for the task to be performed and upgrade PPE as conditions

3551-0320.26 13-1 Appendix C



warrant. The determination of the boundaries of the Exclusion Zone will be specific for each

site and will be indicated in the SSHPs for each site.

13.2.2 Contamination Reduction Zone

The Contamination Reduction Zone (CRZ) serves as a transition area between the Exclusion
Zone and Support Area. Personnel and equipment decontamination facilities will be located in
the CRZ.

13.2.3 Support Zone

The Support Zone serves as a clean control area. This area serves as the safety center where

the following safety equipment can be obtained:

U Fire extinguishers

. First aid kit

. Emergency eye wash

. Emergency oxygen unit (as appropriate)

. Emergency SCBA equipment (as appropriate)

. Ice

The Support Zone includes a changing area for personnel to change into street clothes after
decontamination, a break area where food and beverages can be consumed, and equipment

storage and maintenance areas.

13.3 SITE COMMUNICATIONS

Emergency telephone numbers and reporting instructions for emergency response, ambulance,

physician, hospital, fire and police will be conspicuously posted at the work site, All field
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personnel are briefed concerning emergency response procedures and chain of command during

emergencies.

An internal communication system consisting of hand signals as well as voice communications
will be adopted by field personnel when noisy conditions exist at the site or PPE precludes
verbal communication. The choice and use of hand signals will be coordinated during on-site

safety briefings. Sample hand signals are presented below.

HAND SIGNAL MEANING
Hands on top of head Need assistance
Grip partner’s wrist or place both hands around Leave area immediately
partner’s arm
Thumbs up - OK; I'm alright
Thumbs down No; Negative
Hand gripping throat Cannot breathe; out of air
Pointed finger on extended arm Look in that direction
Wave hands over head from side to. side Attention; Standby for next signal
Swing hand from direction of person receiving Come here

signal to directly overhead and through in a circle

A system of hom signals can be developed for communicating with personnel in work areas
from the CRZ or Support Zone. Examples of horn signals are presented below. Additional
signals can be developed as necessary.

SIGNAL MEANING
Three short blasts Caution, or look here
Long blast Leave work zone area
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14.0 PERSONAL HYGIENE AND DECONTAMINATION

The purpose of decontamination is to remove or neutralize contaxﬁinants that have accumulated
on personnel and equipment. Decontamination protects workers from hazardous substances that
may contaminate and eventually permeate protective clothing and other equipment used on site.
It also minimizes the transfer of contaminants to clean areas and protects the community by
preventing uncontrolled transportation of contaminants off site. All personnel will complete
appropriate decontamination prior to leaving the site in a manner that is responsive to actual site
conditions. A personnel decontamination area will be set up at an appropriate location specified
by the SSO. The decontamination process will consist of a series of procedures performed in
a specific sequence. Each procedure is performed at a separate station in order to prevent cross-

contamination.

14.1 DECONTAMINATION FACILITIES
A drop cloth constructed of polyethylene sheeting will be laid out in the area initially.

A detergent solution will be adequate to remove the chemical constituents identified at the sites,
Wash tubs containing dilute detergent decontamination solution and soft-bristle brushes will be
used to clean reusable personal protective clothing and boots. Following the detergent wash,
equipment will be rinsed at least once using clean, potable water. Decontamination solutions
and rinse waters will be drummed and disposed of in 2 manner consistent with the handling of

hazardous wastes.

Trash receptacles will be provided for all disposable items. The receptacles can be conventional
trash cans lined with heavy duty polyethylene trash bags.
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Personal hygiene primarily entails washing and is not strictly considered decontamination. Each
individual should conduct proper personal hygiene, which includes washing of hands, face, and
any exposed skin prior to eating, drinking, smoking and leaving the site. Itis recommended that
each person shower at the end of each work day. Routine showeﬁng facilities will not be
provided in the Support Zone. OSHA 29 CFR 1910.120 requires that shower facilitics be

provided only when remediation exceeding six months in duration is performed on site.

14.2 DECONTAMINATION EQUIPMENT AND SUPPLIES

Supplies that will be available for personnel decontamination procedures include:

o Tubs for washing and rinsing equipment

. Detergent (i.e., Alconox)

e Scrub brushes (soft bristle)

. Potable water source (to be provided by HAAF)
. Drying rack for equipment drying

. Aluminum foil for wrapping clean equipment
° Respirator wipes and bags for clean respirator storage
. Paper towels

o Trash receptacles and polyethylene bags

. Hand soap
. Receptacle(s) for storage of decontamination liquid wastes pending disposal
. Drop cloths (polyethylene sheeting)

14,3 DECONTAMINATION PROCEDURES

This section describes the personnel decontamination procedures to be implemented at HAAF

for specific levels of PPE.
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14.3.1 Level D Decontamination

A minimum decontamination for Level D site work consists of cleaning and removal of boots

and gloves, changing into street shoes before leaving the site, and washing hands and face.

14.3.2 Level C Decontamination

The decontamination layout depicted in Figure 14-1 will be adjusted to accommodate actual site

conditions. Decontamination procedures for Level C include the following:

First Drop Site

Field equipment is placed at the first drop site for later decontamination.

. Boot covers and gloves are washed with detergent solution and rinsed in clean,
potable water.
. Boot covers and outer gloves are removed. Boots and/or safety suit

(nondisposable) are washed with a detergent solution and rinse with clean, potable

water.
. Disposable clothing is removed and discarded into the trash receptacle.

Second Drop Site

. Nondisposable inner gloves, hard hats, and boots are removed and deposited at

a second drop site.
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FIGURE 14-1
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Third Drop Site

. Respirators are removed, washed, swabbed down with respirator wipes and
bagged for storage. Used respirator cartridges are removed and disposed.
Respirators are left at the third drop site for cleaning. A disinfectant solution
(i.e., CIDEX) will be used on a regular basis to disinfect the respirators. (Note:
Personnel with respiratory tract infections, however minor they may seem, should

disinfect their respirators at least weekly).

. Street shoes can be put on. All personnel will thoroughly wash face and hands

before exiting the site.

14.3.3 Level B Decontamination

The decontamination layout depicted in Figure 14-2 will be adjusted to accommodate actual site

conditions. Decontamination procedures for Level B include the following:
First Drop Site
] Field equipment is placed at the first drop site for later decontamination.

. Nondisposable boots/boot covers, gloves and outer garments are washed with

detergent solution and rinsed in clean water.

Second Drop Site

. Boot covers and outer gloves are removed and disposed at second drop location.

Boots and/or safety suit (nondisposable) is washed.
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FIGURE 14-2
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Third Drop Site

For site exit, clothing, boots, inner gloves and hard hats are removed and
deposited at a third drop site. SCBA equipment is removed and segregated for
decontamination. Street shoes can be put on. All personnel are to thoroughly

wash face and hands before exiting the site.

For SCBA tank change-out, SCBA tank can be replaced following
decontamination of cuter garments and removal of contaminated boot covers and
outer gloves. Redress, including clean boot covers and outer gloves is performed

following tank change. Return to work site.

Note: An occasional CIDEX or Clorox wash of inside of boots is recommended

to alleviate odor problems. A thorough rinse is required after such use.

14.4 EQUIPMENT DECONTAMINATION PROCEDURES

Heavy equipment will be decontaminated after use to prevent cross-contamination of sites and

transport of contaminants off site. Equipment requiring decontamination during remedial

investigation activities at HAAF includes drilling and excavation equipment. This equipment

will be cleaned using a high-pressure water washer and steam cleaner when it shows signs of

gross contamination and prior to leaving the site. One or more areas for heavy equipment

decontamination and maintenance will be designated by HAAF. All equipment will be

decontaminated prior to maintenance or leaving the site.
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15.0 EMERGENCY EQUIPMENT AND FIRST AID REQUIREMENTS

Emergency telephone numbers are noted in Table 15-1, The foﬂﬁwing emergency equipment
will be available on site at all times during field operations.

15.1 FIRE EXTINGUISHERS

Because of the possibility of fire and explosion at the sites, portable fire extinguishers (ABC-
type) meeting the standards of the National Fire Protection Association (NFPA 10) will be
readily available (within 100 feet) to field personnel during all on-site work. A fire extinguisher
will also be present on each drill rig. Foam, dry chemical or CO, type extinguishers are to be
inspected for proper charge, pressure and physical integrity before field operations begin and
after each use. All personnel will review the use of fire extinguishers before commencing work

at the site.

15.2 FIRST AID KITS

Industrial first aid kits with sufficient supplies will be readily available within the Support Zone.
The first aid kit containers will be weatherproof. At a minimum, first aid kits will be provided
in the ratio of one per 25 persons or less. Smaller kits can be kept in the clean areas and with
field crews. The contents of the first aid kit(s) will be checked by the SSO before being sent
out to the job site, and rechecked at least once weekly and immediately after each emergency

to ensure that expended items are replaced.

15.3 EMERGENCY AIR HORN

An air horn for use in signaling in the case of emergencies will be located in the Exclusion Zone

and Support Zone. The air horn will be of sufficient loudness to be audible above operating
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TABLE 15-1

EMERGENCY TELEPHONE NUMBERS
Hunter Army Airfield, Georgia

Hospitals:

Ambulance:
Police:

Fire Department;

Environmental Response Team/Spill Control:

Law Environmental, Inc.
Government Services Branch:

Project Manager
Office:
Home:

Site Manager/Health and Safety Officer
Office:
Home:

Health and Safety Contact
Office:
Home:

Tuttle Army Health Clinic
Bldg. 1450

Hunter Army Airfield
Savannah, GA 31419
(912) 352-5551

Candler Hogspital
5353 Reynolds St.
Savannah, GA 31405
(912} 692-6247

911* or 352-5700%
911® or 352-6133®
911® or 352-5600®
(912) 352-5535

Kennesaw, Georgia
(404) 499-6800

Deepak R, Ghosh
(404) 499-6733
{404) 952-8894

William M. Craig
(404) 499-6817
(404) 437-1863

Dr, Jack C.Peng
(404) 499-6752
{404) 578-4955

(2) Emergency situations
(b) Non-emergency situations
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machinery and/or aircraft. Horn signals and their meanings will be established and reviewed

prior to site entry (refer to Section 13.3 for sample horn signals).

15.4 SPILL CONTROL MATERIALS AND EQUIPMENT

Absorbent material, shovels, polyethylene sheeting, and overpack containers will be available
for containing materials that may be spilled during site operations.

3551-0320.26 153 Appendix C




16.0 EMERGENCY RESPONSE AND CONTINGENCY PROCEDURES

In order to effectively handle emergency situations, planning is. essential. An emergency
response and contingency plan will be implemented in accordance with 29 CFR 1910.120 which
includes measures to prevent accidents and emergencies and to limit the adverse impact of these

incidents when they occur. Specific aspects of emergency planning are discussed below.

16.1 PRE-EMERGENCY PLANNING

This section contains information pertaining to the planning for site emergencies before their

occurrence.

16.1.1 Notification of Emergency Response Authorities

Local fire/police/rescue authorities and nearby hospital personnel will be contacted and briefed
prior to site entry or work regarding the scope of the study and hazardous chemicals and
conditions that may be encountered at the site by personnel that pose potential emergency
situations, to ascertain their response capabilities and to obtain a response commitment. In
addition, off-site emergency personnel will be informed about site emergency procedures and

decontamination procedures.

16.1.2 Training

All field personnel will be briefed by the SSO prior to site entry concerning personnel and
equipment which will be available and summoned during an emergency and concerning their
responsibilities during an emergency situation. Personnel will be briefed on evacuation routes,
assembly points, and the person to report to when an alarm sounds. Visitors will be briefed on

basic emergency procedures such as decontamination, emergency signals, and evacuation routes.
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Personnel who are assigned specific emergency responsibilities will be thoroughly trained in
their duties. This training will include the emergency response chain of command, available off-
site support, how/where to call for help, what information to provide to emergency response
agencies, location and use of emergency equipment, and emergency evacuation while wearing

PPE.

16.1.3 Emergency Communications

A system of communicating emergency situations to on-site personnel should be included in the
contingency plan. The communication program will describe audible signals (i.e., air horn
signals) to be used during an emergency, as well as hand signals to be used when noisy
conditions exist. Signals used will be brief and exact and limited in number so that they are
easily remembered. Communications devices (i.e., flags, lights, walkie-talkie, radio, mobile
phone) appropriate to site-specific conditions will be used.

16.1.4 Emergency Recognition

The Site Manager will brief personnel about potential hazards before site entry so that each
individual will be alert for indicators of potentially hazardous situations and for signs and

symptoms in themselves and others that warn of hazardous conditions and exposures.

16.1.5 Regulatory Notification Requirements

In the event of a significant chemical release at a site, the Site Manager will notify the HAAF
Emergency Response Coordinator, who will notify the National Response Center (NRC). The
NRC will activate federal response actions under the National Contingency Plan to promote the

coordination and direction of federal and state response systems.
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16.2 PERSONNEL ROLES AND IINES OF AUTHORITY

All individuals and teams who will participate in emergency response, and their particular roles
will be identified in the plan. All personnel will be briefed concerning their own responsibilities
in an emergency, as well the names of those in authority and the extent of that authority,
Changes in the contingency plan in response to new or changing site conditions, new information
or personnel changes will be reviewed periodically. Emergency contacts and telephone numbers
are provided in Table 15-1.

16.3 POSTED INSTRUCTIONS AND EMERGENCY CONTACTS

This section lists emergency contacts, the location of emergency instructions, and shows the
nearest medical facilities for emergency treatment.

16.3.1 Instructiocns

Instructions on actions for personnel to take in an emergency will be posted at each work site.
All field personnel will be briefed concerning the personnel and equipment which will be

summoned during an emergency situation which requires hospitalization,

16.3.2 Emergency Contacts

The names and phone numbers of all emergency response personnel (ambulance, physician, fire
hospital, police) will be conspicuously posted at each work site. This information is also
presented in Table 11-3.
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16.3.3 Hospital

To access Candler Hospital, from Fire Training Area, travel east on Strachan Avenue to
Mitchell Avenue. Travel north on Mitchell to Duncan Drive. Turn right (east) on Duncan
Drive to DeRenne Avenue. Travel east on DeRenne to Nelson Road and go north. Hospital

will be on left (Figure 16-1).

16.4 EMERGENCY RECOGNITION AND PREVENTION

Personnel should be alert for potentially hazardous situations and symptoms in themselves and
others that warn of hazardous conditions and exposures. (Refer to Sections 5.0 and 12.0 for
symptoms of chemical exposure and heat/cold stress.) Safety briefings will be conducted to
review site-specific hazards and/or changing conditions so that dangerous situations can be

rapidly recognized and appropriate response taken.

16.5 SITE EVACUATION
There are three stages of site evacuation, based upon the hazard posed by the incident:
1. Withdrawal from the immediate work area

2. Bvacuation of site

3. Evacuation of potentially affected facilities in vicinity

16.5.1 Withdrawal from Work Area

Withdrawal to a safe upwind location outside the Exclusion Zone will be required should any

of the following occur:
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FIGURE 16-1

ROUTE TO CANDLER HOSPITAL
HUNTER ARMY AIRFIELD FTA
SAVANNAH, GEORGIA -

IGERALD [ = ’ rF - Y‘. n.vmgr ' 4
LLOYD A4 I TH
% ErysuecEE I & ‘i K T»-i w srynl
i wMITE N B = o ~ x| et
E] 5T o b - JOTH b i1
glgf:c;:':& B8 |onlerenjo 8 E 1B 17 TR . ¥ Cminiet coumeys ¥ 51 2
b ""mea:- 3 r Rl R I H T T ——
H PLETON & = ] &lint AL 57
ouiheY H s 7 5
SUNESANT 5 ST # I ROSSIGNOL,, ©3rd| =] ST E S, : L
TUBMAK o %5 I o ! ‘QF W KINBALLAY. DALDWIN Q ) Mﬂ'
ARCADIAN o = —i Nﬁ'- CIR, A ) F1 ]
SO 5T ﬁ ﬁ gl a TaEro CANN| s A ¥ i = 5
vassAR ST 2 SR ST SIvE - IR 22
cHLuPOR] ST ] 5 UIBING ST BELT ‘W'| = WT_|ST ™ T L]
DEL . b G GOULD |57, ; F
loguir 3T / :I.. ST B',-," bt - (s Pileemn e & :'
STaLEY _I” iy Slerayz 2§ 452 flere
! =T L MLDRED & h d
Nl % B Bl o
i R g T
- DE.RENN, ONl_STH e HOSPITAL E
> = AV, R
ST WEs |\ e——— - — e
2 % = DE RENNE 12 z
= WEST L AKE \AV. { v T3ud &7, 73:d N SY \vran DR, ToxfBko
="} dIMcLeqo ST y 5 ¥ = -\l %
= T <icoWfaN_av. [Kaiusgaf. WAOFELD o B Eflr 55 L3 %
% LA _IFENwiek sTEAY R. <riBes a2 OI[2F Vals e &, ALTHE
FENWICK ST ek Wl PE R [ : R
o 8/ .7 Tt | e %
LLS BLWD. =] T i - CiR" Hug
' JornisTon | ST o Sl yonn |
1McLAWS ] e
EARLY ST . §
yEE|  mvoR
| STUART sr._:‘i‘ H
ErR IP[WHEELER ST ~WHEE
on ZlJackson & JACKSON
BLVD. .| MEGANCTIY peayREG
& [HAMPTON |G mHAMPTC
E FoRmest!_oJ K1ING FOP
STEPHENSON
8N .~ B 2| eEnFIELD |
Ve Chyailory Ia-m%
:5 [ waverLy 351
. - eisénlno £ g13%)p
O - DOUGLA o o :
,_FIRE ey adl LR CEC
e T , 2
TRAINING €95p° [Eohous v Fou®)
AREA LE- RS
zZ|PRgN%, =
Sh "B T
/ey VRN
4]4“‘ @ Eﬂ. Zith \'
Y s Y
[ ]
ol A * 25/) oELor
¥ =i
WOMBLE |5 vl )| SRIEF
FAIRMONT | &pn | E R T
cuierEfys -~ DAIR D) cepmis bt
SENECA | RD Of INCAIS ROG)| Ly -
F“‘7~H‘ MONTGOME! g wib g

TO CANDLER HOSPITAL:
- GO EAST ON STRACHAN DR. TO MITCHELL ST., TURN LEFT
- TAKE MITCHELL ST. TO DUNCAN DR., TURN RIGHT
- CONTINUE ON DUNCAN DR. TO DeRENNE AVE., TURN RIGHT
- GO EAST ON DeRENNE AVE. TO NELSON RD., TURN LEFT

- HOSPITAL ON LEFT

cp

16-5




. Concentrations of volatile organics, combustible gases or toxic gases exceed
action guidelines. Work will be temporarily stopped until concentrations fall
below the action levels, or PPE upgrade will be implemented in accordance with
the guidelines presented in Section 5.0. N

. If an incident such as a containable fire or minor accident occurs, field operations
will resume after appropriate response is completed and the site manager has

cleared the site.

. Equipment malfunctions.

16.5.2 Site Evacuation
The work site should be evacuated under the following conditions:
. Levels of contaminants are detected in excess of action guidelines.
. The oxygen content measured by an oxygen level monitor drops below 19.5
percent in the ambient breathing zone or the oxygen content in the air rises above
22 percent (explosive atmosphere) for 2 consecutive minutes.

. A major accident or injury occurs.

. Fire and/or explosion occurs.

16.5.3 Evacuation of Facilities in Vicinity of Site

The Site Manager is responsible for determining if circumstances exist for adversely affecting
areas or facilities surrounding the site, and should always assume worst-case conditions until

conditions are demonstrated to be otherwise.
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If air concentrations of vapors exceed the work area site action levels contained in earlier
sections, monitoring will be performed at the edge of the Exclusion Zone and CRZ to be
protective of personnel in nearby areas and/or buildings. If action levels are encountered at
these locations, measurements should be performed at the edges of nearby buildings. If action
levels are encountered at the edges of nearby buildings, the buildings should be evacuated.
Under such circumstances, the Site Manager will convey this information immediately to the

HAAF Emergency Response Coordinator for further action.

16.5.4 Site Security and Control During Emergencies

The buddy system must be adhered to during response to emergencies. Control checkpoints
through which all personnel entering or exiting the site must pass will be designated to maintain
a record of personnel present in the emergency area. Written records of the names and affiliation
of off-site personnel, status, time of entry/exit, areas to be entered, team or "buddy," task being
performed, PPE (air time Ieft if SCBA), and rescue and response equipment will be maintained

during emergency response.

16.6 MEDICAL EMERGENCY RESPONSE AND DECONTAMINATION

Depending upon the severity of the injury, first aid treatment may be given at the site by trained
and certified personnel. Additional assistance from emergency medical technicians may be

required at the site, and/or the victim may require transport to the hospital for treatment.

The Site Manager/Safety Officer should be notified immediately by the SSO of the medical

emergency situation and provide him/her with the following information:

. Location of victim
* Nature of emergency
. Whether victim is conscicus
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After being notified of the medical emergency, the Site Manager should determine whether the
victim requires assistance from the Emergency Medical Team (EMT). Actions required depend
upon the seriousness of the emergency. If a life-threatening condition exists, the EMT should
be called immediately. The Site Manager will meet or appoint a person to meet the EMT when

it arrives and lead it to the victim.

When possible, normal decontamination procedures should be followed. In life-threatening
situations, care must begin WITHOUT considering decontamination. Outside protective clothing

can be removed if it will not delay or aggravate the victim’s condition.

16.7 FIRE

The potential for fire is possible when dealing with flammable materials during activities at the
site. The local and facility fire departments will be alerted to the nature and location of any
field investigation activities to take place at the site. The following preventative procedures will

be followed during site activities:

. Before work is started in an area, the Site Manager/Site Safety Officer will
review fire prevention and response procedures and identify personnel assembly

points and site evacuation procedures.

. Potential sources of ignition will be identified and kept way from areas in which
potentially flammable materials will be encountered.

o Air monitoring will be performed during subsurface operations or operations in

confined spaces using combustible gas, oxygen level indicators and organic vapor

monitoring equipment.
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) Field personnel will be briefed on action levels for combustible gases and oxygen

prior to starting work at a site. .
. Fire extinguishers will be kept readily available (within 100 feet) of the work site.
The following procedures for responding to a fire will be followed during work at the site:

. The buddy system must be adhered to during response to a fire. Work teams

must exit the work area together if evacuation is necessary.

. All personnel in the immediate work area should be alerted to the presence of a
fire. Personnel will disconnect all electrical_equipment in use at the site and

move other equipment, if possible, away from the fire.

. Field personnel are not trained firefighters and should not attempt to combat fires

that can not be quickly contained with the available fire extinguishers.

. If there is any doubt that a fire cannot be quickly contained and extinguished with
available fire extinguishers, personnel must sound the fire alarm and proceed to
the designated assembly point.

. When a small fire has been extinguished, the HSO must be informed of the

incident,

In the event of a fire that cannot be rapidly extinguished using available equipment, the

following personnel will be contacted immediately:

. Personnel in the immediate work area
. Fire Department

. Contracting Officer
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16.8 EMERGENCY FOLLOW-UP RESPONSE

The following actions will be taken prior to the resumption of normal site activities:

3551-0320.26

The Site Manager will notify appropriate government agencies, as required.

All equipment and supplies will be restocked and damaged equipment replaced

or repaired.

The HSO and/or Site Manager will review all aspects of the contingency plan
according to new site conditions and lessons learned from the emergency

response,

Personnel will be briefed on revisions to the contingency plan and emergency
procedures and other information pertinent to future emergency response

activities,
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17.0 LOGS, REPORTS AND RECORDKEEPING

This section describes the logs, reports and recordkeeping requii‘ed to document the safety
procedures of the SSHP.

17.1 TRAINING AND DOCUMENTATION

The following training logs, and records will be developed and maintained by the site manager

and will become part of the permanent record.
Prior to Work

o List of site personnel and training/experience
. 40-hour OSHA training certificates

. 8-hour supervisor training certificates

. CPR/Mirst aid training certificates

. Certification of fitness to work

J Medical Background Summary Sheet

During Work

. Site-specific training and safety briefings logs
. Visitors’ training records

In addition to maintaining logs the following records will be maintained and kept as part of the

permanent record.
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o Meteorological data logs

. Equipment calibration logs

° Daily safety inspections

. Daily exposure monitoring logs
. Employee and visitor register
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