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Preface

This report summarizes the Remedial Investigation (RI) Sampling Program conducted at
the Defense Distribution Depot Memphis, Tennessee (DDMT). Given the need to combine
the Base Realignment and Closure (BRAC) and Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) programs, the Huntsville Division
Corps of Engineers (CEHNC) directed CH2M HILL to prepare separate modular reports
that present the Rl sites information for each property parcel.

The following Letter Reports are presented in a modular style so that the DDMT property
parcels may be evaluated individually. Each report is an independent, stand-alone
document so that the reports may be easily provided to potential property buyers. The
reports have been combined in a single notebook for management ease. Each report consists
of a brief site description, previous investigation results, sampling procedures, site maps,
data summary tables, contaminant fate and transport evaluation, preliminary risk
evaluation, and summary and recommendations for further activities at each Rl site.
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Executive Summary and Overview
Remedial Investigation Sites Sampling Program
Defense Distribution Depot Memphis, Tennessee

Background

The Base Realignment and Closure (BRAC) 95 Commission selected the Defense Distribution
Depot Memphis, Tennessee (DDMT) for closure under the BRAC process. All 642 acres of this
facility are considered BRAC property. In preparing the Environmental Baseline Survey
(Woodward-Clyde, 1996), the DDMT facility was divided into 35 parcels based on the
environmental condition of the property. DDMT is currently undergoing a dynamic process
wherein properties defined as BRAC parcels are being transferred from government control to
other private- and public-sector industrial or recreational uses.

In Octaber 1992, DDMT was placed on the National Priorities List (NPL} by the United States
Environmental Protection Agency (EFPA). Therefore, DDMT must fulfill requirements under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980(CERCLA)
and National Contingency Plan (NCP). A remedial investigation/ feasibility study (RI/FS) is
being conducted to determine the nalure and extent of contamination at the sites identified as
requiring an Rl, evaluate the risk lo human health and the environment, and screen potential
cleanup actions. The purpose of the RI Sampling Program, which is part of the RI/FS, is to
accomplish the following;:

s (Characlerize releases from the sites

= Assess the nature and extent of soil and surface water contamination attributable to past
operations

e Gather and evaluate data to determine the need for interim remedial actions for the sites
¢ Evaluate the risk to human health and the environment as pari of the comprehensive RI
* Assess the feasibility of remedial actions for the sites needing further actions

The purpose of these letter reports is to cvaluate the resulls of the RI Sampling Program and the
sampling from previous investigations and to recommend further actions at RI sites in these
parcels.

Data and information for the CERCLA-governed Rl sites have been organized and presented
by BRAC parcels to supporl parcel leasing. Early risk-based evaluation of BRAC parcel and
CERCLA site environmental data has been performed to establish a Finding of Suitability to
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Lease (FOSL) or Finding of Suitability to Transfer (FOST), which permits lease or transfer of
parcels and buildings.

A BRAC Cleanup Team (BCT) is formed at each facility affected by the BRAC process. At
DDMT, the BCT consists of representatives from DDMT, EPA Region IV, Tennessee

Department of Environment and Conservation (TDEC), with support from the U.S. Army
Corps of Engineers (COE), Huntsville (CEHNC), and CH2M HILL.

Methodology

The RI Sampling Program was based on the Operable Units 2, 3, and ¢ Field Sampling Plans
(CH2ZM HILL, 1995). Sampling was conducted for areas where data gaps exist and where
sampling and analyses arc required to characterize the nature and extent of contaminants from
past activities at the site.

Rl site data were collected for surface soil, subsurface soil, and surface water (sampling
locations are shown in Figure ES-1). Samples were collected and sent to CH2M HILL Analytical
Services in Mantgomery, Alabama in accordance with the procedures cutlined in the Generic
Quality Assurance Praject Plan (CH2M HILL, 1995). Table ES-1 summarizes the analytical
methods used for the RI Sampling Program. COE’s split samples were collected from
approximately ten percent of the samples collected at DDMT for a quality control check by the
COE laboratory in Georgia. The results of the split samples will be reported in the final RI
Report. '

A relational, statistical database was the basis for creating data summary tables and for
comparing RI Sites’ data with screening level data. Screening level data are comparison criteria
that were developed from applicable regulatory criteria for cach media or from background
values. The comparison criteria are used to evaluate the known contamination at a site to assess
whether it exceeds an acceptable risk.

In addition, the BCT established some parameter-specific screening criteria for surface soils
during a workshop held in Memphis, Tennessee, in August 1997. These screening criteria were
developed for paramelers that were frequently detected at elevated concentrations and were
based an background concentrations from the residential and recreational areas surrounding
DDMT, residential land use, risk-based criteria (RBC), or CERCLA criteria. Updated
background values were also used in the screening tables (found in the Final Background
Sampling Program Technical Memoranduwm [CH2M HILL, 1998]). Figures provided with each Rl
site show the parameters exceeding RBC al each sampling location within the site. These
parameters are also shown in bold in the data sumumary tables for each site.

Constituents of potential concern (COPCs) are parameters that exceed both background values
and the screening criteria. COPCs are discussed in Section 3.1 of each parcel report. Not all
exceedances shown in the figures for each site are COPCs. A site may have several exceedances
of a particular parameter at various sample locations, but the exceedances are only COPCs if
both the background valuc and at least one screening criteria are exceeded. COPCs for each site
are summarized in Table ES-2, but are not itemized by sample location. For a complete

ES-2 SANMPH 29282/RI_EXECSUM.DOC
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" discussion of which specific sample lacation had a COPC, refer to Section 3.1 of each parcel
report.

A Preliminary Risk Evaluation (PRE} was conducted to provide a preliminary evaluation of
environmental data and, thereby, provide input into the risk management decisions for the
BCT. The PRE mcthodology and results are presented in the Defense Depot Memphis, Tennessee,
Preliminary Risk Evaluation Report (CH2ZM HILL, 1998). EPA Region IV has published guidance
on performing a PRE to determine the suitability to lease parcels based on their known or
suspected environmental condition (EPA, 1994}, and this guidance was followed in preparing,
the PRE. The PRE calculation and evaluation were performed for all R1 sites sampled. The PRE
methodology results in a conservative risk calculation that will not be exceeded if the site
undergoes a baseline risk assessment. The PRE results are summarized by generally
categorizing sites into one of the following categories: No Further Asscssment, Further Risk
Asscssment, or Interim Remedial Action.

Results

Table ES-2 summarizes the COPCs by media for all the RI sites in the Main Installation. These
COPCs are discussed in detail in each parcel report and are summarized by media below. The
media tables presented for each site provide more details on the COPCs.

Surface Soils

Compounds detected in surface soils were compared to five types of screening levels to
determine the COPCs for surface soil. The five types of screening levels include background
values soil ingestion, RBCs (EPA, 1997) in both a residential and industrial setting, and soil-
screening levels for transfer from soil to groundwater. Background values are based on 22
surface soil samples taken from the perimeter of the DDMT Main Installation and Dunn Field
(11 on-site samples), as well as residential areas, golf courses, cemeteries, schools, and
recreational areas (11 off-site samples) within two miles of DDMT.

COPCs were found more often in surface soil than any other media. A total of 16 parameters
were identified as COPCs for surlace soils, at a tatal of 9 sites. The most common COPCs were
polynuclear aromatic hydrocarbon (PAH) compounds, which were identified at 3 of the 9 sites.
Arsenic, chromium, lead, and dieldrin were the other commaon COPCs, which were detected in
at least two of the nine Rl sites.

The subgroup of PAH compounds (specifically benzo|a]anthracene, benzo]a]pyrene,
benzo[b]flouranthene, and indeno|1,2,3-cd|pyrene) were detected in the surface soil at RI Sites
27, 34, and 57. PAHs are observed throughout the DDMT Main Installation generally from
samples in proximity to railroad tracks. Sitewide PAHs will be evaluated in the Main
Installalion Remedial Investigation Reporl.

The pesticide dieldrin was determined to be a COPC in surface soils at three RI Sites: 48, 58, and
59. Dieldrin is found in many surface soil samples collected throughout the DDMT Main
Installation. The dieldrin concentrations in these surface soil samples result from general
pesticide application in grassy areas and around warchouses that are not associated with
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management of hazardous substances in specific Rl sites. Dieldrin, currently being evaluated as
a sitewide constituent, will be reported in the Muain Inslallation Remedial Investigation Report.
Dieldrin is further discussed below in “Sitewide Issues.”

Metals (including antimony, arsenic, cadmium, chromium, and lead) were detected as COPCs
in RI Site 32 surface soils. Arsenic, chromium, and lead were detected as COPCs in RI Site 34
surface soils as well. The metals iron and vanadium were detected as COPCs in R1 Site 27.

Polychlorinated biphenyls (PCBs) that are COPCs are confined to one site (RI Site 48).

Dichlorodiphenyldichloroethene (DDE) and dichlorodiphenyltrichloroethane (DDT) are
COPCs at Rl Site 57.

Subsurface Soils

Compounds detected in subsurface soils were compared to two types of screening levels.
Subsurface soil screening levels consist of background values and soil screening levels for
transfer from soil to groundwater. The groundwater protection criteria values are the generic
soil screening levels (SS5Ls) from EPA guidance (EPA, 1996, EPA/540/R-95/128). These values
are based on a dilution-attenuation factor (DAF) of 20 applied to a health-based groundwaler
concentration, which accounts for natural processes thal reduce contaminant concentrations in
the subsurface. Background values are based on 22 subsurface soil samples taken from the
perimeter of the DDMT Main Installation and Dunn Field, as well as residential areas, schools,
and recreational areas within two miles of DDMT. Table ES-2 summarizes the parameters that
met the criteria for subsurface soil COPCs.

There were no COPCs in the subsurface soils at the RI Sites, except for the elevated chromium
detection at the 18- to 20-foot depth at Rl Site 34. Increasing chromium concentrations with
depth is likely due to variation in soil types that occur with depth and is representative of
leaching of surface contamination.

Surface Water

COPCs in surface water were those compounds that exceeded background values and at least
one screening level (Table ES-2). Surface water screening levels consist of background values,
Tennessee state values, federal ambient water quality criteria for the protection of human
health for the ingestion of organisms and water (AWQC-HH), and federal ambient water
quality crileria, chronic for the protection of freshwater aquatic life (AWQC-AQ) values.
Surface water background criteria are based on 22 surface water samples taken from streams at
locations upgradient from DDMT surface water drainage.

Both sites sampled for surface water had COPCs: Rl Sites 25 and 26. Only DDE was comman at
both Sites 25 and 26, and DDE was the only COPC for Site 25. The other COPCs for Site 26
included arsenic, dissolved arsenic, lead, zinc, and DDT.

Sediments

Detected compounds were compared to three types of screening levels: background values,
sediment preliminary remediation goal (PRG) values, and National Oceanic and Atmospheric

ES-4 SANWPA39282/A1_EXECSUM.DOC
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Administration (NOAA) values to determine the sediment COPCs. Parameters that were
COPCs in sediments are shown in Table ES-2. Sediment background criteria are based on 22
sediment samples taken from streams at locations upgradient from DDMT surface water
drainage.

Sediments were not sampled during the RI investigation, but historical data from the 1990 R1
(Law Environmental, 1990} are available. DDE, DDT, dichlorodiphenyl dichloroethane (DDD),
and lead are parameters of historical interest at R1 Site 25, while bis(2-ethvlhexyl_phthalate are
parameters of historical interest at RI Site 26.

Sitewide Issues

Dieldrin

Dieldrin exists at DDMT in surface soils, subsurface soils, and sediments. It is a COPC in
surface soils at three sites (RI Sites 48, 58, and 59), but is not a COPC in any other media at Rl
sites.

Since dieldrin is only minutely soluble in water, its most likely migration pathway at DDMT is
via erosion as suspended sail particles in the surface water, where it potentially would be
available to aquatic organisms. Dieldrin in the subsurface soils should be relatively immaobile
and not impact groundwater quality.

Dieldrin has been identified as a sitewide problem in surface soils, and the need for a sitewide
risk evaluation has been identified. Figure ES-2 shows the dieldrin concentrations in surface
soil across the Main Installation. The residential RBC for soil ingestion for dieldrin is 0.04
milligrams per kilogram (mg/kg), and the industrial RBC for soil ingestion is (1.36 mg/kg.
Detected concentrations of dieldrin relative to the industrial RBC screening criteria are plotted
in Figure E5-2.

Appendix B of the Draft PRE (CH2M HILL, 1997) contains a Draft Technical Memorandum Lhat
statistically compares the dicldrin data from DDMT itself with background data obtained for
dieldrin in the Memphis vicinity. Preliminary risk considerations indicated the elevated
concentrations of dieldrin detected in many surface soil samples across the Main Installation of
DDMT were well above risk-based criteria for both residential and industrial land uses.

Most of the detected concentrations at the site, as well as background, are above health-based
screening levels. However, dieldrin has not been in use at DDMT since the 1970s when it was
banned for surface applications within the U.S. Thus, observed concentrations are from
historical rather than current pesticide applicaion. Because concentrations of dieldrin remain
elevated for approximately 20 years after application, dieldrin is persistent in the environment.

A risk evaluation of dieldrin and other associated pesticides in environmental media across the
DDMT Main Installation will be performed and reported in the Rl Report.

SANMWP/138282/A1_EXECSLIM.OC ES-5
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PAH Compounds

PAH compounds, found sitewide in surlace soil at DDMT, arc attributed {o railroad operations.
PAHs may come from creosote seepaye from railroad track cross ties, historical railcar leaks to
the surface, or application of a pentachlorophenol (PCP)/used-oil mixture that was historically
applied for weed control along the tracks. Migration of PAH compounds acrass the surface
may occur with surface soil transport mechanisms including surface water runoff and wind
achian.

These compounds were detected in surface soils at three Rl sites: 27, 34, and 57.
Benzo{a)anthracene, benzo(b)pyrene, benzo(b)flouranthene, and indeno(1,2,3-cd)pyrence were
the most common PAH compounds detected, occurring at all three sites. RI Site 57 had the
most extensive contamination, with ten dilferent PAH compounds detected, while RI Site 27
had five compounds and Rl Site 34 had only 4 compounds detected. PAH compounds will be
addressed as a sitewide problem as part of an upcoming risk evaluation.

PAH compounds are a mixlure of heavier hydrocarbons, are similar in chemical and physical
characteristics, and tend to migrate and behave similarly in the environment. Generally, thesc
compaunds have low vapor pressures, are only marginally soluble in water, and have a high
affinity for soils. They would be expected to migrate as adsorbed components of soils and
potentially would be available to aquatic organisms in turbid surface water or to bottom
feeders in areas with contaminated sediments. These compounds do not bicaccumulate
significantly becausc of their rapid metabolism and excretion by mosl aquatic organisms.

DDE and DDT

DDE and DDT, found in surface soils sitewide at DDMT because of historical pesticide
application, will be addressed in an upcoming risk evaluation. Not only is DDT found as a
COPC in surface soil at RI Site 57, but it is also a COPC in surface water at Rl Site 26. DDE is a
COPC in surface soils at only one site (Rl Site 57) and in surface water al two siles (RI Sites 25
and 26). DDD was not a COPC at any site.

DDT and two of its degradation breakdown products, DDD and DDE, exist in surface soils at
DDMT and should not be mebile in this environment. These compounds have an extremely
high affinity for soil and, essentially, are insaluble in waler. DDT also was reported in
sediments at four sites on DDMT, indicating that migration via this pathway has occurred from
surface soil at DDMT. These compounds can bicaccumulate and become more concentrated as
they move up in the food chain and potentially could affect receptors via this migration
pathway.

Conclusions and Recommendations

The following are the overall conclusions for the Main Installation:

« Of the media sampled, surface soils have the most COPCs at the greatest number of sites.
COPCs in surface soils include metals, PCBs, PAH compounds, and pesticides.

ES-6 SANMPN 35282/RI_EXECSUM.DOC
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* The subsurlace soil at the sites is essentially free of contamination. Only one metal was
detected in subsurface soil at one site: Chromium was a COPC at RI Site 34.

Of the two ponds in the Golf Course (Parcel 3), which are the only RI Sites with surface water,
RI Site 26 had six COPCs, while RI Site 25 had only one COPC. Of the nine sites on the Main
Inslallation, only five require further sampling to evaluate the extent of contamination. These
sites are shown in Table ES-3. Recommendations for the Main Installation involve conducting
sitewide risk evaluations for a few parameters of concern across the Main Installation,
conducting risk evaluations for specific parameters at a site, and conducling additional
sampling at same of lhe sites requiring further action. The recormunendations are summarized
by site in the comments columnn of Table ES-3.

In some cases a further evaluation of metals data against background values in surface and
subsurface soils is recommended. This evaluation can be performed without additional
sampling.

Site 48, the Building 274 Cafeteria, is scheduled for leasing under the BRAC program. After
review of the PCB levels in soil surrounding the building, the BCT decided to recommend an
early action soil removal at this building. A soil removal design is currently underway.

SAN/WP/129282/R)_EXECSUM.DOC €57




B-53

13

309

B HRIOAZZHTEE L/IMWNYS

_ 1§08 POURIN 9PRMS 20 SHIM-TOL £ e oeungl

~ 1808 POUI2IA O¥BMS 2D A[UQ sapIdNsag 101 £ 1310 H, DN
SHIYHS 0004/90109 POYISIA OF8MS (‘TV.L} 3|1qn[ag 'S|ERW - TVL, £ 1312 M 22EHNG
SHIYES 0004/40109 POUSI 9F8MS (TV.L) SIEB -TVL £ 121244, 32BN
SALAES O00L/H0I09 PONPIA DFEMS (Add) 219M0S ‘SN WEIN[jag Ajuoug £ J91B M, I98LING)

_ SHYIS 0004610103 POYRIA 9pRMS {dd) SIER JuBIN(jod AiUoud £ 121, 20RUNG]
H0LT8 POIPIN OFBMS SIW/OD Salg 0ANLSE-TAL £ 1318 pp AJEPNG)

Y9Z8 PO OFEMS SW/ID SANEOA-THL 1 121B M 33EBUNG)

S+06 POYIRIA OFBMS Hd £ I10§]

__ ('poW) TOPE Vdd apuontq 13 II0S]
[ 1808 POYISIA 9PBMS JD §.HId/53p1RNs™d-TAL £ 1108
0018 POHISIN OFEMS 20 SVNd 13 1105

0r08 POYISIA OFBMS oD spousyd 13 J10S]

1508 PO 9LRAMOS 20 S.42d £ 110§

1$18 POUIRIA OPEMS SapIaiqiay £ 1105

NI MOSdTD SUBINJSUIX0T-"T0, t [l05]

= H0109 POUdIN 9F3MS urZ E 110§
SHIHES D00L/HO100 PO OF3MS (Tv.L) S{may TV.L £ ['as
SHIYAS 000L/HOL09 POURI OFRMS (Wdd) s[elly 1wen|og Aol £ {105

HOLZE POUIPI OPBMS SW/DD SIMNB[OANUIE-"TRT, E {105

VO9ZR POYIDIN 9F#3MS SI/OD SANBIOA-TTDL E {105

1808 PO 9FBMS 20 SH3d (4 [10§

SHIEES 0004790109 POUIDI OFBMS (TV.L) SIZPN TV.L [4 [105]
SHIYAS 000Lrd0109 POYIRN OFEMS {Wdd) s|elaly uenjjogd AlLoug [4 L)

SY06 9P8MS Hd 4 llog]

(PO) Z0vE Vda spuonLy [4 110§

0018 PUyIaly OFSMS o0 S.¥Nd [4 (L

IS18 POURI 9FRMS SIpLaIqdH [4 1108

DD SIpINEd L [4 110§

VOOZRE POUIRI P8 MS SW/O0 SSURIOA-TOL [4 1oy

H0LT8 POURIN 9PEMS SW/OD 5a1he|0AlWags~TRL [4 Lk

HO 0% POURIN 9F8MS UIZ [4 [Liehy

1WA MOS-dTO sueIngsulyolg-1oL [4 :QL
SISA[EUY JO POYIdA SISAUUY AIUINIE PAYT VO XL e Il

sassauua] ‘sjydwapy yodag uonnguis|g asusjag

weiboud Buldwes saus |y

uone||BIsu] ujely ue buydwes salg |Y 10} spoylay sisAjeuy jo Lwung

1-$3 .._.



6-53

14

339

*sa|dUILs [10S @DBIN5QNS PUE 23BLINS SIPNOU]

B |R8x2B26E HAMNYS

vl

1808 POUION GPSMS S.82d/5p1Nsad -T31 £ 11BA, EHNG

ZClv vag {DO) 2iues1() (w0, *uoqIe] £ 1IB A\ I0BLING

7091 vdd (SS.L) papuadsng [RI0L *Sp1joS 3 TR

6T 601N POYISW HODVYSN 1024 31poy | £ 1T\ 95T)ING
0018 POUIRIN OPEMS 09 S.YNJ £ 19RAL 20RJING

'TATIA MOS-dTD SUTIn U0 L-TIL £ Iaep, sduping|

sisdfeuy Jo poyp | SISA[RUY J3jaueaed 12427 D0/v0 XLe

aassauud] 'spydwap jodag uongus|a asuajag
weiboiy Bujdwes 5315 14
uoneesu] wey uo Buydutes sayg |H J0) SpoYIay sisAjeuy o Alewwns

I-53 .—




15

[

QL-83 S ZIRIaX3ZRZEE LA NWNYS
[ 0661 Wo4J BIEP [BOLICISIY apnjaty jou $20p ‘mep TTIH WTHD U0 pased,
SIN0N]
66 ‘BS '8F ULpRI]
92 LS 1agd
9T ‘ST LS H44d
SIpIASA]
LS ETEY]
LS e ‘LT suaAd(pa-¢'z' Jouapullf
is quayueInol ||
LS audeayiue{ycjozuaqiq|f
LS auasAngl
s ausA1s(1' T )ozuag
LS'LT auayueno]j(y)ozuag
LS 'VE T QUILRURINO[J(Q)OZUIf
LS 'PE 1T auardd{ejozuag)
LS VE LT FIERT U CYRFLTED |
: SHVd
8| {0921 1014204y} 09T - 1Auaydiq PARULIOIYIAI]
s40d
iz WNIPEUEA
[ uagj
9 urZ
9z LAY PeET)
L4 bE 'ZE wnnwony)f
8 wniwpe)|f
97, alUISIY vuiommmn___
9z ve ‘TE i
ZE Auouwnu
S|eia A
jusunpag AT es ifes WIDUOT) [BRUIO JO WINIHSUOT)
acung DVHASGNG aepns . =

sassauua] ‘sjydway 1odag uopngUs| asusjeg

weiboid Bujdwes s3)1g |H

.59d02 jo Aswwing

z-83 ‘.




11-83

S EIQIZAZEE L IdWNYS

"PRPOSU ST 108 22E4403 311 U) UNPISIP PUE SHYd

1O UIISSISSE Jayung ssis Butuasaias Aqieau put 7 1S [y W) UUPJIL] pue
P2123)j03 elep yia uonendod punaiSxyoey s jo uesuedwod sayung 'SHYd '(pE9) pue Y UCHE[NURIDY
sannbos sjTIow Jo SUCNENUOUCD Y31y Yiim po1e1d0sse SYSU [BHUIIo ON LRIOIY ) Sjeaiy a5 Junseiqpueg rdy SE
"DIIS By} JE SY5U yj[esy uewny [erudiod ssasse 0 (pe9) pue
palonpuoo ag pnoys ‘Sutdures [euotlIppe INOYLLM ‘SIS 32TINSGNS winiwosya ‘amussie)| oL¢ Suiping e He] 23w01g
PUE 20TLINS 3 U] SHYJ PUE S|BIAW JO UOIEA]RA YSU 1Y LEN aN s|E13W ‘SHVd |10} ASEM, puncuiTIopupy ¥e 7
(wnipeuea
*2)Is SI) 1oJ papuswwod st Suipdwes [tos aaepns pue ‘Auournue
[FuUOnIppyY “iijtay uswny O] uraanod jenuaod Jo sjaad] 1 jussud ‘OlUDsIE) S|BIBW {£23-5 uip[ing)
S|E19W pue SH ' J0] P2PUWIWO2] 5] IUIWSSISSE Y511 1ayun,] sax ‘SHvd cary wswdrooay] Jauno.] LT vz
-Fupping 9y JO IPIS 1534 YL 10 YINOS pue YUou
P9129]|09 3q P|NOLYS--5BAR ISBI[AI 215TM 10 BUIjpUBY INSTM PIEMD) '
pasty--sopdwes 1% 22epns [CUDHIPPY 679 Suip|ing JO 153m
UOTCUILTIUOD SPIINSAH T EAS O] PIPaat I JISWSSISSE YSU I3yung S SapIRNSa] 679 Jwipling LS 7l
*Agavapun .
Apuawung s;udisep [CACWAL 1UY ¥ )18 BY1 JO) LOLENEAD ¥5U ijeay
) ucway € poddns o1 pue (105 IITPNS UT SHUIAINSEOI I JO WX vary Buipunonng pus
A1 DITT[TAD 0 DUS S 10 papuswios s1 Fuypdures [reonippy SIL sgad| Lz Suipping ‘eusiofeny 1s0g T g
-pazinbar s1 oLrLUIDs 95N pue] [EHUIPISI (£12
2U1 IOPUN 5[10S AIBPNS AY1 UT ULP[SIP JO WALUSSISET Jayung oN uzpiaig| Swpping) s13uUBID 'SIPIINSIY 65 b
-pazinbaz 51 ouru2as asn put| [enUIpISAL (/97
3y JApUR 5[OS 30)INS AY) UL ULP|ILN JO JUIALSSISER 19 ung ON uupaEIg PT4) £3PIDIQIIE] ‘Sap1oNsay B¢ ¥
-nads1 |y =y jo wed se pousopad aq [iIm vaneneas YU autjaseq v L23 § sapIonsad UOSTITUE( I4E] 9z £
“Hod=l [ 211 J0 Bed s pauliojiad aq {14 UONBA[EAD 31 aul|aseq ¥ s24 ¥IPIONES] Pud4 25IN07} JjoN CC T
{oN 20531} JAUSSISTY
paamnbay AsrA Supnabay
SIAUI0D) sadweg [puonppy| SInss] [BNUAGJ “awmp IS g [32au]

gassauua] ‘s)ydwayy 1odaq uennquys|q esusiag
wboly bujdwes uvopebysaau) jejpaway
SUORpUALLILIODY 2)1G Jo Alewiung

n.mm.h




THHWNZHD Ly ey mdog momnguisig ssusppq
su c-ﬁ@gﬁ— m—.—— — HHEH“ m —z ROLLYDOT I0dAvS LM 3a¥4eNsS A
L ! s NOILYDOT ONIHDE HOS 2
[-SH 2andiy NOHY30Y 3 y
F 1 WYS INJINIJAS A
ﬂ@? NOLVOCT 3WGHWYS 1S ¥

AHYONNMDA T0uYd

aN3O3aT

L5k = L ITWDS YW

|
|

| | (]
_ -t —_ = - - ... ! - —_— —_— - - - ——— -
I - . - e I ~ - -
: Tl T = -z j - ~ - “
- . .
= ! i r _ - - _ H
. 5 = s VZE-8S )
! - vl - ¢ - /  s§-
] o : H
2 v i ]
h - H - §
nm i __ it 1 .
! N | _ ”:. H|l.h ~ !
i1 =% i P ) -~ — 82655 .
| Y ‘ _ =1 i
_ m" ‘ r.— l...l_ o b i
] . ‘ e - _ |
i | VSEMSL  JJSEMS g ; i e S T
: = s . YOZ-MS _ : : T oK
e I DES55 \.\ . : | — P . N e
_4 [ 8SZMS ™ 1./ gee-es’, R ' R 'l - : oo o . .
_ e S eSS ygpgg N _ . _ 0z - 1~
_ - - - L A ! .
| f
| pres _
i —~f.  B9T-M REE R - _ : _ : _ -
=3B - o) JLoerss|] = osewms™ o - Thedlil: L v mne mon s et o ; " + [ .. o
/ . L 23|, . T - == _ L - 8¢
. . t\‘“\x..l.ldwv-uu.- = . : N : i _
— L <55 - s ......-T . ‘.H Lo - S L_ i = . .
T L _ \ Mg pe LT 6L _
S |- ¢ : i . 8l
"1 ¢ | #1—HIS-55 Fie
_. m _ 1 - ﬂ—ﬁ;d:ﬂn]uﬂhﬂ:]r”ﬂlﬂjﬂ Ve .
_ w i /. ..\ - . ﬂ”H .1.|‘|...11.1.1|.|h..l IFlI.”.IthL.<11L..|h.H.Hu“P.IWMI.1M..K.|..H.‘ - tkw..w. .I.... it .iv.uuu....._. a—— ‘-._ = = N -
i - SN s [._ . Lo %
o N f
o S f95-55. | - ¢l B 9
A B I U
. - : X ; > - [ JoT T e e
KN == [ e e — B N -
- - PR— & 1 - -
. AR _.m m -, s n...u.W..BuP..h e - c o - Do i ta i LT ‘
l o T T———"——————) [ Sul i - T U e L2 TR C 10 e K
— * v " “\ - T - T A ..‘h.
i w !
: __ - - i ] 6 — —= — :
. ' i
- . - . Lb_ ossEs ysegs _
R e en B B WU P et e e S S ) PP pegy et L
T T g © o | A= N E A 6e
] -
1
Zl
- B ! I | — - . . N P )
. e | R T H25-89 s M _
£l _ ) e T . RS S
..l. . .—.-
- L - W B ..._., B
B i T T T st
s . bt o :
R L/
|

L1 6OE " _



TTIHINZHD

JISSANNTL 'SIHAWIW LOdIA NOILNAIELSIA ISNI3a
OS IDVHHNS NI mZO_._.dm._.zm__UZOO NIHQd13I0

¢-S3 34NOI4

;
_qlh.” ....h_w... o:l *| ;
1..«._..... Y m:.\ m:

- mm_

005 = 4 FTVIS S

Gwbn 005 < NOILYH INIZNOD NIHON3IA »

Bw/in 005 > pue By/Bn 09E < NOILYHINITINGD NIGA121D .
Bw/0n 09g > NQILVELINIONOD MIHAT3AI0 =
NOILYHINIDNOD NIHQ13A 133130-MON -

DZwOm._

e e _—— et







30 20

Parcel 3

Remedial Investigation Sites Sampling Program
for

Defense Distribution Depot Memphis, Tennessee

May 1998

Prepared for
U.S. Army Engineering and Support Center, Huntsville

Prepared by
CH2M HILL
2567 Fairlane Drive

Montgomery, Alabama 36116

139282.RR.ZZ




369 21
Parcel 3 Report

Remedial Investigation Sampling Program
Defense Distribution Depot Memphis, Tennessee

Parcel 3 is a 2,163,177-square-foot (ft’} parcel in the southeastern corner of the Main Installalion
in Operable Unit (OU)-3. Parcel 3 consists of the golf course: Lake Danielson; the Golf Course
Pond; and Buildings 188, 189, 192, 193, 194, 195, 196, 197, and 198. Samples were collected at
Remedial Investigation (RI) Sites 25 and 26 in this parcel during the RI Sampling Program.
Sampling activities at this site are described below.

The Rl Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of existing documents, interviews with facility personnel,
and knowledge of the facility’s operations. RI sites are locations at DDMT that have been
known to have past releases as a result of facility operations. These sites have been previously
identified as requiring a RI and have a confirmed presence of contaminants. The following RI
Sites are located in Parcel 3:

« RISite 25: Golf Course Pond
» RI Site 26: Lake Danielson

Additional sites identified with past potential releases to the environment from past operations
are addressed in the Screening Sites Sampling Program. General areas within the installation
without any known industrial operations involving hazardous chemicals are addressed in the
Base Realignment and Closure (BRAC) Sampling Program. Results of these programs are
addressed in separate letter reports.

The purpose of the RI Sampling Program, which is part of the Remedial
Investigation/Feasibility Study (RI/FS), is to accomplish the following:

» Characterize potential releases from the sites

*» Assess the nature and extent of soil and surface water contamination attributable to past
operations

¢ Gather and evaluate data to determine the need for interim remedial actions for the sites
* Evaluate the risk to human health and the environment
* Assess the feasibility of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations and to recommend further actions at RI sites in this
parcel. The remainder of this report presents the results of past investigations; RI Sampling

SANMPH 39282/ParcELd.DOC : 1
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Program sirategy, procedures, and results; and recommendations for future investigations at
each site.

Surface soils, subsurface soils, and surface water were investigated as part of the RI Sampling
Program. Surface soil samples (any sample whose lowest depth is 2 feet or less) were taken
both as independent samples and as the upper interval of a soil baring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
from that upper interval are presented in the surface soil tables and discussions in Section 3.0.

Site 25: Golf Course Pond (Subparcel 3.8)

1.0 Introduction

Table 1 presents the parcel grouping, location and status information for this site.

TABLE 1
Parcel 3, Sile 25 Inlormation
Remaedial investigation Sampiing Program, Delensa Distribution Depot Memphis, Tennessee

Parcel Bullding Number RLUFS OU  Site Number CERCLA' Status

3 Goll Course Pond 3 25 Ri
1CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1880

The Golf Course Pond, constructed in the 1940s, is located in the northeastern corner of the
DDMT. This pond is an unlined, man-made pond measuring approximately 75 feet wide and
125 feet long with an earthen dam. The 0.23-acre pond receives surface water runoff from the
golf course and the southeastern part of the facility. Stormwater enters the pond through
overland flow and from two stormwater drainage pipes {one 8-inch-diameter pipe and one 36-
inch-diameter pipe}. Overflow from the pond flows to an open, concrete-lined storm drain that
eventually drains into Nonconnah Creek, a tributary of the Mississippi River. The site
configuration, sample locations and constituents exceeding Risk-Based Criteria (RBC) are
shown in Figure 1.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the RI Sampling
Program efforts. The historical data results are included in the following discussions as well;
however, sampling strategy and analysis included in the historical reports are not repeated
here.

2.1 Other Investigations

Sampling has occurred in this parcel as part of the initial RIs at DDMT, reported by Law
Environmental (1990) and as part of the EDRW, Inc. {1996} investigation of off-site drainage

SANMWERM3S2B2PARCELD.DOC : 2
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pathways. Two sediment samples (514 and SD5) and two surface water samples (SW4 and
SW5) were collected by Law Environmental (1990). Sample SD4 was located at the northern end
of the pond, and SD-5 was located in the southeast corner. Both were sampled at the
sediment/water interface at a depth of nine inches.

Previous surface water samples collected from the Golf Course Pond indicated that the pond
water was generally free of the tested analytes. However, metals and pesticides were detected
in sediment from the pond, and fish tissue samples exhibited pesticide and polychlorinated
biphenyl (PCB} residues.

Radian collected additional sediment and fish tissue samples for the Baseline Risk Assessment
of surface impoundments at the golf course (Radian International, 1997) {shown in Table 2).
Three additional sediment samples were taken from the Golf Course Pond (SD11, SD12, and
SD13) and analyzed for pesticides. No fish samples were taken from the pond. Heptachlor
epoxide, chlordane, and dieldrin were not detected in any of the three samples taken.
Dichlorodiphenyldichloroethene (DDE) and dichlorodiphenyldichloroethane (DD} were
detected in all three samples, while dichloradiphenyltrichloroethane (DDT) was only detected
in Sample SD13. Concentrations of DDE, DDD, and DDT ranged from 35 micrograms per

kilogram (ug/kg) dry weight to 134 pg/kg dry weight.

2.2 Rl Sampling Program

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
water and to assess the potential of contaminant transport into the pond by stormwater. For
this sampling program, surface water samples were collected from stormwater runoff entering
the pond to assess the potential that contaminants would be transported into the pond by
stermwater.

Four surface water samples were collected from stormwater runoff entering the pond alang the
north and eastern edges to assess whether contaminants are entering the pond. Two surface
water samples were analyzed for target compound list/target analyte list (TCL/TAL)
constituents in accordance with the Operable Unit 3 Field Sampling Plan (CH2M HILL, 1995).

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for surface
water.

SANMWPH 38262/FARCELS DOT : 3
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. TABLE 2

Pesticides Concentrations Reported for the 1997 Sediment and Fish Samples Collected from the Golf Course impoundments at
the Defense Distribution Depot, Memphis, Tennessee
Remedial Investigation Sampling Program, Defense Distribution Depot Memgphis, Tennessee

Concentratlons
Sample No. Heptachlor Epoxide DDE oDD DDT Chlordane Dieldrin

Sediment {ug/kg dry weight)
1 54 BS0 211 99 840 ND
2 ND ND ND ND ND NE
3 a7 1650 537 157 3890 ND
5 ND 386 123 ND 1030 ND
& B8 1470 . 712 166 2150 ND
7 ND 76 48 71 ND ND
B &7 1170 448 164 2390 ND
9 ND 102 33 ND 210 ND
10 115 1780 1000 227 2440 ND
11 ND 95 48 ND ND ND
12 ND 95 as ND ND ND
13 ND 134 65 35 ND ND
15 114 2120 883 234 2870 ND
. Fish (pg/kg as received)
1 ND 3190 490 12 732 45 .
2 ND 600 124 ND 166 13 ’

Notes:

Samples 1-10 and 15 are from Lake Danielson. Samples 11-13 are from the Golf Coursa Pond.
Sediment Sample No. 2 had higher detaction fimits, due to small sample size.

Sedimant Sample Na. 4 could nol be collected due lo gravel covering the pond biottem at ihat location.
Sediment Sample No. 15 was & duplicate of No. €.

Fish Sample No. 1 was a whole-body analysis, Fish Sample No. 2 was filleted.

Both fish samples were from Lake Danietson.

Source: Radian Intemational, 1997

2.2.2.1 Surface Water Sampling Procedures

With the approval of the Tennessee Department of Environment and Conservation (TDEC) and
the United States Environumental Protection Agency (EPA), surface water samples were
collected from four locations (SW25A, SW25B, SW25C, and SW25D) at this site (shown in
Figure 1). The following details the sample locations:

s Sample SW25A was taken on the east side of the Golf Course. The sample was collected
from the concentrated stream of overland flow that was flowing into the pond from 1
Street. -

o Sample SW25B, north of SW25A, was collected from a partially submerged outfall of a 36- .
. inch diameter concrete drain pipe.

SANMWP3Z282/PARCEL3.00C : 4
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 Sample SW25C was collected north of the Golf Course Pond from the outfall of a 12-inch
diameter concrete pipe that discharges from a storm drain at Building 273 (RI Site 59).

« Sample SW25D, taken north of the Golf Course Pond, was collected from the overland flow
from the golf course and Building 271that is concentrating and fowing into the northern tip
of the pond.

The locations were sampled twice during the ficld effort. Each location was sampled during
two separate storm events of more than 0.2 inches of rainfall. SW25A, however, was not
collected during the second storm event because there was nat enough stormwater flow at that
location to collect a sample. The samples were collected where stormwater outfalls or overland
runoffs discharge into the pond. Samples were collected as close as possible to the beginning of
each storm event to coincide with first flush of the stormwalter.

The surface water samples were collected using a clean, unpreserved laboratory bottle. The
surface water was collected in the unpreserved bottle and then poured into the appropriate
laboratory bottles for analysis. Samples for dissolved metals analysis were filtered using a
peristaltic pump and in-line, 0.45-micron filters. Field parameters of pH, specific conductivity,
temperature, and dissolved oxygen were measured for each sample and are summarized in
Table 3. To prevent the potential for cross-contamination, a new unpreserved laboratory bottle
was used to collect each sample and new peristaltic pump tubing and filters were used on each
filtered sample.

TABLE 3
Parcel 3, Site 25 Surface Water Sampling Results
Remedial Investigation Sampting Program, Delense Distribution Depot Memphis, Tennessee

Sample Location pH (SU") Conductivity Temperatura Dissaolved Qxygen
{pmhosicm’) e (mg/L")
st Storm Event
SwW254 6.86 42 4.5 12.0
sSwasB 6.32 10 45 1.4
SW2s5C 6.27 10 4.6 10.8
swasD 6.53 40 4.2 10.0
2" Storm Event
‘SW25A - - - -
sSwasb 6.99 40 11.3 8.8
SW25C 6.91 41 10.8 10.2
Swasi 8.50 39 10.3 B.2
Notas:

SW25A was not collected during the second slorm event.
18U - standard unit

2pmios/ecm — microhos per centimeler

3*C — degrees Celsius

4mg/L — milligrams per liter

SANMWP39282/PARCELS DOC : 5
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2.2.3 Analytical Procedures

All samples were sent to CH2M HILL's Analytical Services in Montgomery, Alabama for
analysis. Five surface waler samples were analyzed for pesticides, PCBs, and total and
dissolved metals. Two of these surface water samples (one from each sampling event) were also
analyzed for TCL/TAL paramelers. Samples received at the laboratory were analyzed in
accordance with the procedures specified in the Generic Quality Assurance Praject Plan (CH2ZM
HILL, 1995) for the RI/FS currently being conducted at DDMT.

A data quality evaluation (DQE) was performed to assess the effect of the overall analytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl)phthalate can be attributed to field sampling and laboratory
contamination rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate soil samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception of the qualifications
listed above, the DQE concluded that data can be used in the project decision-making process.

3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Section 3.1.1 presents results of the RI Sampling Program for Rl Site 25. Data are presented by
media for surface water and compared with appropriate screening criteria in Table 25-A and
25-B. Data from the 1997 CH2M HILL investigation are presented along with historical data
from the Remedial Investigations at DDMT, Final Report (Law Environmental, 1990). If a value
from a sampling location exceeds one of the comparison criteria, that value and the comparison
criterion are shown in bold on the summary table.

Constituents of potential concern (COPCs) are parameters that exceed both background values
and the screcning criteria. Where co ncentrations exceed the selected background value, the
concentration is compared with the observed range of background values as reviewed and
established by the BRAC Cleanup Team (BCT).

COPCs identified for RI Site 25 include DDE in the surface water; no COPCs were identified for
sediments since they were not sampled in the 1997 CH2M HILL sampling event. However,
environmental sampling performed by Radian (Radian International, 1997) indicated elevated
concentrations of DDD, DDT, and DDE in sediment samples.

Bis(2-cthylhexyl)phthalate and n-nitrosodiphenylamine are parameters of historical interest in
the surface water, and DDE, DDT, DDD, and lead are parameters of historical interest in the
sediments.

3.1.1 Surface Water

Results of the surface water analyses with values above detection limits are shown in Table 25-
A. This table also contains three types of comparison criteria for surface water. If a value from a
sampling location exceeds one of the comparison criteria, that value and the comparison
criterion are shown in bold. Several of the naturally occurring inorganic chemicals were

SANWP/138282/PARCGELD.DOC . 6
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detected within the background levels. Low levels of DDE and dieldrin were also detected.
Only DDE was slightly above the Federal Ambient Water Quality Criteria for the Protection of
Human Health for the Ingestion of Organisms and Water (AWQC-HH).

3.1.2 Sediments

Although sediments were nat sampled during the most recent sampling event, sediment data
are available from the 1990 Rl conducted by Law Environmental {Table 25-B). At each sampling
location, two of the three pesticides (DDD, DDE, and DDT) were detected with depth (at the
nine-inch sampling interval). DDD and DDE were detected at the surface and at depth at
Sample SD4 sampling location, while DDD and DDT were detected at the surface and at depth
at location Sample SDS. DDD was detected at all four sampling points.

Sediment data are also available from the 1997 Radian investigation. Three sediment samples
were taken in the pond, and DDD, DDE, and DDT were detected in all of them. DDE and DDD
were detected in all three samples, and DDT was detected in Sample SD13.

Lead was a COPC at sampling location SD5 in both the surface and nine-inch sampling depths.

1.2 Vertical and Lateral Extent

Bis(2-ethylhexyl)phthalate and n-ni trosodiphenylamine in surface water were detected in SW4
and SW5 in the historical data (Law Environmental, 1990) but were not detected in the
sediments in that data set. These parameters were not detected in the more recent
investigations. These chemicals are also common laboratory contaminants and may not be site-
related.

DDE was sporadically detected in surface water and sediments. It was detected at 0.000032]
mg/L in SW25B in the first sampling event but not the second. These organo-chlorine
pesticides have very low solubility, thus their detection in the water samples may be related to
the suspended particulates.

In the histarical sediment data set, DDE was detected at the surface in Samples SD4 and SD5,
and with depth at Sample 5D4. The 1997 Radian sediment sampling event detected similar
concentrations of DDE near Sample SD4 (taken at the northern area of the pond) but lower
concentrations of DDE near Sample SD5 (taken at the southern area of the pond). DDD and
DDT were not detected in surface water in recent sampling events but were detected in
sediments in historical data. DDD was found in both sediment locations at all depths, while
DDT was found in one sediment location (Sample SD5) at all depths. The 1997 Radian sediment
sampling event detected much lower concentrations of DDD and DDT when compared to the
1990 Law Environmental data.

Lead was detected in three surface water samples (SW25A, SW25B, and SW25D) at
concentrations that exceeded the Federal Ambient Water Quality Criteria - Chronic Values for
the Protection of Freshwater Aquatic Life (AWQC-AQ) but were below background values.
Lead was a COPC in sediments at Sample SD5 at the surface and the nine-inch sampling depth,
exceeding background values, sediment preliminary remediation goal (PRG) values, and
Nakional Oceanic and Atmospheric Administration (NOAA) values.

SAN/WP/139282/PARCELD.DOC - 7
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3.3 Potential Migration Pathways

The following paragraphs provide a general discussion of the potential migration pathways
based on physical and chemical properties of the COPCs at RI Site 25.

Lead is present at concentrations greater than background, or above screening criteria, in
surface soils, subsurface soils, and sediment at DDMT. Cenerally, lead is moderately soluble
and potentially can be leached from any of these forms of occurrence, reaching concentrations
in aqueous solution in both groundwater and surface water that would be of concern to both
human and ecological receptors. Additionally, lead in surface soils and sediment potentially
may move as suspended particulate matter in surface waters and impact aquatic organisms.

DDT and two of its degradation breakdown products, DDD and DDE, exist in subsurface soils
at DDMT; these products should not be mobile in this environment. These compounds have an
extremely high affinity for soil and are essentially insoluble in water. As long as they are buried
and the potential for direct contact is controlled, the potential to migrate is minimal. Should soil
contaminated with these compounds be uncovered, they potentially would be able to be moved
through wind action and/or as suspended material in surface water. DDT alsa was reported in
sediments at two sites on DDMT, indicating migration via this pathway has occurred. These
compounds can bicaccumulate and become more concentrated as they move up in the food
chain and could potentially affect receptors via this migration pathway.

3.4 Additional Data Needs

Existing sampling was performed in three different sampling efforts, over a period of eight
years (between 1989 to 1997). The RI sampling event was performed to represent first flush
runoff conditions into the pond. The 1990 Law Environmental RI sampling event was
performed to characterize contamination within the surface water. And the 1997 Radian
investigation sampling event was performed to further characterize pesticide contamination in
sediment. Sample data indicate that pesticides exist in the stormwater entering the
impoundments, in the pond water itself, in the fish, and in the impoundment sediments.

A baseline risk evaluation will be performed using existing data to determine the potential
ecological and human health exposure for this small pond. No additional data is proposed for
the risk assessment. However, additional data collection, especially in the sediments, may be
necessary to support a risk management decision, feasib ility study, and other activities
necessary to complete the CERCLA process for this site.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation (PRE) was performed in accordance with the Guidance on
Preliminary Risk Evaluations for the Purpose of Reaching a Finding of Suitability lo Lease (FOSL)
(EPA Region [V, 1994). A discussion of the PRE methodology in provided as Appendix A to
this document.

SAN/WP/139282/PARCEL.DOC . B
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4.2 Rl Site 25 Risk

A human health screening comparison was made for the surface soils. Since the pond had only
surface water and sediment sampling, an ccological screening was performed by comparing
against background and AWQC-AO and AWQC-HH criteria, similar to the screening
evaluation reported above. Surface water at the site has low levels of DDE; sediments have
polynuclear aromatic hydracarbons (PAHs); and chlorinated pesticide and its degradation
products, DDD, DDE, and DDT, were above background and the sediment screening criteria in
the sediment samples collected from this pond. Sediments also have lead above background
and screening levels. Most of the PAHs were within background levels.

A baseline ecological and human health risk evaluation will be performed to determine the
habitat quality and the target receptor end points for this pond.

5.0 Summary and Recommendations

5.1 Summary

No COPCs were identified based on the sampling performed by CH2M HILL in 1997. No
sediment sampling was performed in the more recent sampling event. However, parameters of
historical interest were identified in both the surface waters and sediments from the 1990 RI
(Law Environmental, 1990). A baseline risk evaluation will be performed to determine the
ecological and human health exposure end point of interest for this small pond.

5.2 Recommendations

The pond is a relatively small site, and existing data are sufficient to determine the site
contamination conditions. A baseline risk evaluation will be performed as part of the Rl repart.

However, additional data collection, especially in the sediments, may be nécessary to support a
risk management decision, FS, and other activities necessary to complete the CERCLA process
for this site.

SANMWPH39282/PARCELI DOC : 8
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Site 26: Lake Danielson (Subparcel 3.6)

1.0 Introduction

Table 4 presents the location and status information for this site.

TABLE 4
Parcel 3, Site 26 Information
Remedia! Investigation Sampling Program, Defense Distribution Depot Memphis, Tennessse

Parcel Bullding Number RI/FS OU  Site Number  CERCLA Siatus
3 Lake Danielson 3 26 | FS

Lake Danielson is located in the northwestern corner of the DDMT golf course, just east of
Buildings 470 and 489. This lake, measuring approximately 3.5 acres with an earthen dam, is an
unlined, man-made stormwater nunoff pond and reservoir for fire fighting; it is a maximum of
15 feet deep. The lake receives runoff from the central portion of DDMT, which contains most
of the warehouses at the site. Stormwater from this area enters the lake through a 48-inch-
diameter concrete pipe located at the northwestern corner of the lake. A smaller amount of
stormwater flow enters the lake by overland flow from areas immediatély surrounding the
lake. Overflow from the pond flows to an open, concrete-lined storm drain (drop pipe) to the
Lake Danielson Qutlet Ditch, which eventually drains into Nonconnah Creek, a tributary of the
Mississippi River.

Lake Danielson has been used in the past for fire tank truck testing and recreation. Fire tank
truck testing consisted of fire trucks withdrawing water from the lake to test various equipment
{(pumps, hoses, and instruments) and then discharging the water back into the lake.
Recreational use (fishing) was discontinued in 1986 after pesticides and PCBs were detected in
fish tissue from the lake (CH2M HILL, 1998). The site configuration, sample locations and
constituents exceeding RBC are shown in Figure 2.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the Rl Sampling
Program efforts. The historical data results are included in the following discussions as well;
however, sampling strategy and analysis included in the historical reports are not repeated
here.

2.1 Other Investigations

Previous surface water, sediment, and fish tissue samples were collected in 1986 from the lake
by the United States Army Environmental Hygiene Agency (USAEHA) and during the 1990 RI.
Five surface water samples (SW3, SW6, SW7, SW8, and SW13} and three sediment samples

SANMWP/139282/PARCEL.DOC . 10
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(SD1, SD2, and SD3) were collected during the 1990 RI {(Law Environmental, 1990). DDT was
detected in stormwater entering the lake from the 48-inch-diameter stormwater pipe in 1986;
DDT was not, however, detected in a sample collected in the same location in 1990. Pesticides
and metals were detected in sediment from the lake in both studies. Fish tissue (catfish)
samples collected from the lake in 1986 indicated the presence of pesticides and PCBs.

Radian collected additional sediment and fish tissue samples for the Baseline Risk Assessment
of surface impoundments at the golf course (Radian International, 1997) (shown in Table 2 on
page 4). Nine additional sediment samples and two fish samples were analyzed for pesticides.

2.2 Rl Sampling Program

2.2.1 Sampling Sirategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
water and to assess the potential for contaminant transport from the surrounding land surface
into the pond by stormwater. For this sampling program, surface water samples were collected
from stormwater runoff entering the pond to assess the polential that contaminants would be
transported into the pond by stormwater.

Surface water samples were collected in the vicinity of the 48-inch diameter stormwater pipe
and along the northeast and east edge of the lake to detect any contaminants that may be
entering the lake through overland flow. These surface water samples collected during the
storm events are expected to contain suspended surface soil particulates. At least one sample
analyzed for TCL/TAL constituents in accordance with the Operable Unit 3 Field Sampling Plan
(CH2M HILL, 1995).

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for surface
water.

2.2.2.1 Surface Water Sampling Procedures
Surface water samples were collected from four locations (SW26A, SW26B, SW26C, and
SW26D) at this site (shown in Figure 2). The following details the sample locations:

» Sample SW26A was taken at the northeast corner of Lake Danielson where the stream flows
into the lake. The sample was collected from the overland flow.

» Sample SW26B was taken at the north corner of Lake Danielson from a small unlined
drainage ditch discharging into the lake.

o SW26C was taken near the northwest corner of Lake Danielson. The sample was collected
from a concrete ditch that conveys water from a 48-inch concrete drain pipe into the lake.

s SW26D was taken at the northwest corner of Lake Danielson, from the overland flow
concentrating along the lake edge, and flowing parallel to the shore before discharging into
the lake (west of outfall).
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The locations were sampled twice during the field effort. Each location was sampled during
two separate storm events of more than 0.2 inches of rainfall. The samples were collected where
stormwater outfalls or overland runoffs discharge into the pond. Samples were collected as
close as possible to the beginning of each storm event to coincide with first flush of the
stormwater.

The surface water samples were collected using a clean, unpreserved laboratory bottle. The
surface water was collected in the unpreserved bottle and then poured into the appropriate
laboratory battles for analysis. Samples for dissolved metals analysis were filtered using a
peristaltic pump and in-line, 0.45-micron filters. Field parameters of pH, specific conductivity,
temperature, and dissolved oxygen were measured for each sample and are summarized in
Table 5. To prevent the potential for cross-contamination, a new unpreserved laboratory botile
was used to collect each sample and new peristaltic pump tubing and filters were used on each
filtered sample. '

TABLES
Parcel 3, Site 26 Surface Water Sampling Results
Ramedial Investigation Sampling Program, Detense Disinbution Depot Memphis, Tennessee

Sample Location pH (5U) Conductivity Temperature Dissolved Oxygen
(gmhos/cm) {*C) {mg/L)
1st Storm Event
SW26A 6.01 45 39 11.6
swzaed 6.46 23 as 11.0
SW28C 6.67 18 3.9 10.3
SW26D 6.62 40 4.0 10.8
2nd Storm Evant
SW2BA 6.82 56 10.1 9.2
SwW26B 7.01 40 2.8 9.8
SW26C 7.07 49 11.3 94
sSwzeD 6.95 65 10.5 9.2

2.2.3 Analytical Procedures

All samples were submitted to CH2M HILL's Analytical Services in Montgomery, Alabama for
analysis. Six surface water samples were analyzed for pesticides, PCBs, and total and dissolved
metals. Two of these surface water samples (one from each sampling event) were also analyzed
for TCL/TAL parameters. The samples were analyzed in accordance with the procedures
outlined in the Generic Qualily Assurance Project Plan (CH2M HILL, 1995).

A United States Army Corps of Engineers (COE) split sample was collected during the second
storm event at SW26C. This surface water sample was sent to the COE’s Atlanta, Georgta
laboratory for analysis of TCL/TAL parameters.

A DQE was performed to assess the effect of the overall analytical process on the usability of ‘ ‘
the data. The DQE established that the detection of acctone, 2-butanone, and bis(2-
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ethylhexyl)phthalate can be attributed to field sampling and laboratory contamination rather
than environmental conditions at the site. Also, poor duplicate precision for metals in the
duplicate soil samples should be attribuled to poor sample homogeneity as well as to
potentially poor sampling and analysis precision. With exception of the qualifications listed
above, the DQE concluded that data can be used in the project decision-making process.

3.0 Interpretation of Sampling Resuits

3.1 Presentation of Results

Section 3.1.1 presents results of the RI Sampling Program for RI Site 26. Data are presented by
media for surface water and compared with appropriate screening criteria in Tables 26-A and
26-B. Data from the 1997 CH2M HILL investigation are presented along with historical data
from the Remedial Investigations at DDMT, Final Report (Law Environmental, 1990). If a value
from a sampling location exceeds one of the comparison criteria, that value and the comparison
criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background values and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BCT.

COPCs identified for RI Site 26 include arsenic, dissalved arsenic, DDE, DDT, lead, and zinc in
surface waters. No COPCs were identified in sediments because sediments were not sampled in
the recent CHZM HILL sampling event. However, environmental sampling conducted by
Radian (Radian International, 1997) indicated elevated concentrations of DDD, DDT , DDE, and
other pesticides in sediment samples.

Bis(2-ethylhexyl)phthalate and n-nitrosodiphenylamine are parameters of detected during the
historical sampling in surface waters. These chemicals are also common laboratory
contaminants and may not be site-related.

DDE, DDD, and bis(2-ethylhexyl)phthalate are parameters detected in historical sediment s
samples.

311 Sﬁn‘ace Water

Results of the surface water sampling analyses with values above the detection limits are
shown in Table 26-A. This table also contains three types of comparison criteria for surface
water. If a value from a sampling location exceeds ane of the comparison criteria, that value
and the comparison criterion are shown in bold.

Arsenic and dissolved arsenic were both found to exceed the background values and the
AWQC-HH in Samples SW26B and SW26D and in Samples SW6, SW7, and SW8 from the 1990
RI (Law Environmental, 1990).

The AWQC-HH value for DDE was exceeded in all four surface water samples and Sample
SWé from the 1990 RI, while the Tennessee state, AWQC-HH, and AWQC-AQ values were
exceeded for DDT in Samples SW26A, SW26C, and SW26D.
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Lead exceeded the AWQUC-AQ value at all sampling stations, but only exceeded background
and AWQC-AQ values at Sample SW26D. Zinc exceeded background and AWQC-AQ values at
Sample SW26C.

During the 1990 RI, bis(2-ethylhexyl)phthalate exceeded the AWQC-HH in four samples, and
n-nitrosodiphenylamine exceeded the Tennessee state value in one sample. Both of these
chemicals are also common laboratory contaminants and may not be site-related.

3.1.2 Sediments

Although sediments were not sampled during the most recent sampling event, sediment data
are available from the 1990 Rl conducted by Law Environmental (Table 26-B). In Samples SD1
and SD3, DDD and DDE were detected at the surface but not at the nine-inch depth.
Concentrations exceeded background, PRG, and NOAA values.

In all three sediment samples, at both the surface and nine-inch sampling depths, bis(2-
ethylhexyl)phthalate was detected at concentrations that exceeded the background value of 0.48
milligrams per kilogram {mg/kg), ranging from 0.53] to 0.76] mg/kg. These concentrations
were above EPA Region IV sediment screening criterion af 0.182 mg /kg.

Sediment data are also available from the 1997 Radian investigation {Radian International,
1998). Nine samples were collected from the lake and analyzed for pesticides. No dieldrin was
detected in any of the samples. However, DDD, DDE, and DDT were detected in all samples
except for Sample SD2. Concentrations ranged from 46 to 1,650 ng/kg dry weight. Chlordane
was detected in seven of the nine samples, ranging from 210 to 3,890 pg/kg dry weight.
Heptachlor epoxide was detected in five of the nine samples, ranging from 54 to 115 pg/kg dry
weight.

3.2 Vertical and Lateral Extent

The Lake Danielson Pond was sampled during three separate sampling events. During 1990 RI
Law Environmental sampling efforts, sediment and surface water samples were collected from
within the pond. During the RI sampling efforts (CH2M HILL, 1997), only surface water was
sampled from storm runoff peints around the pond to assess the runoff contribution to the
pond sediments and surface water. More recently, Radian (1997) sampling efforts were
performed to further characterize pesticides contamination in the sediments. The sediment and
surface water from this 3.5-acre pond was adequately characterized during these sampling
cfforts. The potential runoff from the pond has been sampled at the stormwater runoff point to
the pond. Chemicals detected in the sediments and surface water of the pond are typical to the
DDMT surface media. Low-level chlorinated pesticides and naturally occurring inorganic
chemicals observed in the surface soils across the base were also detected in the pond
sediments. Two of the common laboratory contaminants observed in the pond media may be
sampling artifacts from the plasticware and thought to be not site-related. The following text

- presents a brief chemical-specific discussion.

Bis(2-ethylhexyl)phthalate was detected in four of the five historical surface water samples and
in all historical sediment samples. It was not detected in the more recent surface water samples.
This is one of the common laboratory contaminant chemicals. '
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N-nitrosodiphenylamine in surface water was detected in only one of the five historical surface
water samples (Law Environmental, 1990). It was detected in all three historical sediment
samples at the surficial depth but only in one sediment sample at the nine-inch depth. This
parameter was not detected in the more recent investigations. This chemical is also a common
laboratory contaminant and is thought to be from sampling artifacts and not site-related.

Arsenic is naturally occurring in surface waters and was detected in both the recent and
historical samples, but it was not detected in the sediments. Arsenic and dissolved arsenic were
detected in two of the four recent surface water samples (Samples SW26B and SW26D) and in
three of the five historical samples (Samples SW6, SW7, and SWS).

DDE was detected in all four surface water sampling locations in the first sampling event, but it
was not detected at all in the second event. DDE was only found in surficial sediments in two
{Samples SD1 and SD3) of the three historical sediment sampling locations. The more recent
sampling event conducted by Radian detected much higher concentrations of DDE throughout
the pond, with one exception for Sample No. 2 taken at the southeast corner of the pond, which
did not detect DDE.

DDT was detected in three of the four surface water sampling locations in the first sampling
event but was not detected at all in the second event. DDT was not found in the historical
sediment sampling locations. DDT was detected in five of the nine Radian samples.

DDD was not detected in the four surface water sampling locations. DDD was found in
surficial sediments in two {Samples SD1 and SD3) of the three 1990 Law Environmental RI
sampling locations. The concentrations detected during the 1990 RI Law Environmental
sampling event were lower than those detected during the 1997 Radian sampling event.

3.3 Potential Migration Pathways

The following paragraphs provide a general discussion of the potential migration pathways
based on physical and chemical properties of the COP’Cs at RI Site 26.

Arsenic exists at several sites on DDMT in surface soils at concentrations above screening
levels. Arsenic’s mobility and toxicity are tied to its complex geochemistry and its ability to
readily form soluble complexes. Arsenic may also readily be adsorbed onto clays, oxides, or
humic organic material and may migrate as suspended soil in surface water or as a sediment.
Arsenic can exist in four common oxidation staltes, and these control its solubility. It readily
transports through aquatic enviranments as a dissolved salt or as a complex with an organic
compound.

Lead is present at concentrations greater than background, or above screening criteria, in
surface soils, subsurface soils, and sediment at DDMT. Lead is moderately soluble and
potentially can be leached from any of these forms of occurrence, reaching concentrations in
aqueous solutién in both groundwater and surface water that would be of concern to both
human and ecological receptors. Additionally, lead in surface soils and sediment potentially
may move as suspended particulate matter in surface waters and impact aquatic organisms.

DDT and two of its degradation breakdown products, DDD and DDE, exist in subsurface soils' .
at DDMT; these products should not be mabile in this environment. These compounds have an
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extremely high affinity for soil and are essentially insoluble in water. As long as they are buried
and the potential for direct contact is controlled, the potential to migrate is minimal. Should soil
contaminated with these compounds be uncovered, they potentially would be able to be moved
through wind action and/or as suspended malerial in surface water. DDT also was reported in
sediments at two sites on DDMT, indicating migration via this pathway has eccurred. These
compounds can bicaccumulate and become more concentrated as they move up in the food
chain and could potenkially affect receptors via this migration pathway.

3.4 Additional Data Needs

Sample data indicate thal pesticides exist in the stormwater entering the impoundments, in the
pond water itself, in the fish, and in the impoundment sediments. A baseline risk evaluation
will be performed using existing data, ta determine the potential ecological and human health
exposure for this lake. No additional data is proposed for the risk assessment. However,
additional data collection may be necessary to support a risk management decision, FS, and
other activities necessary to complete the CERCLA process for this site.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The PRE was performed in accordance with the Guidance on Preliminary Risk Evalualions for the
Purpose of Reaching a Finding of Suitability to Lease (FOSL) (EPA Region IV, 1994). A discussion of
the PRE methodology in provided as Appendix A to this document.

4.2 Rl Site 26 Risk

No risk ratios or systemic toxicity ratios are estimated because all of the detected chemicals
were below background levels (based on the recent data set). Therefore, no further action is
recommended at this site.

Surface water was sampled from Lake Danielson outlet ditches by Law Environmental. Three
of the eight samples had slightly elevated lead near the stormwater outfall area to the lake. The
observed lead concentrations were similar to the background concentrations and could be from
suspended sediment particles. No sediment sampling was performed during the Rl efforts. A
baseline risk evaluation will be performed to evaluate the ecological habitat and potential
ecological and human health exposure at this site.

5.0 Summary and Recommendations

5.1 Summary

Elevated concentrations of metals and pesticides were detected in the surface water and
sediment at Lake Danielson. The COPCs identified based on the recent sampling performed by
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. CH2M HILL in 1997 include arsenic, dissolved arsenic, DDE, DDT, lead, and zinc in surface
waters. In addition, historical data collected had arsenic, bis(2-ethylhexyl)phthaiate, DDE, and
n-nitrosodiphenylamine in surface water and bis(2-ethylhexyl}phthalate, DDD, and DDE in
sediments from the 1990 RI (Law Environmental, 1990). A baseline risk evaluation will be
performed as part of the RI report to characterize the ecological and human health risks from
the observed chemicals in the pond sediments and surface water.

5.2 Recommendations

A baseline risk evaluation is proposed to evaluate the human health and ecological significance
of the observed sediment and surface water contamination. However, additional data collection
may be necessary to support a risk management decision, FS, and other aclivities necessary to
complete the CERCLA process for this site.
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Acronyms

°C
umhos/cm
AWQC-AO

AWQC-HH

BCT
BRAC
CERCLA

COE
COPC
DDD
DDE
DDMT
DDT
DQE
EPA
FOSL

FS

£t

mg/L
NOAA
ou
PAH
PCB
FRE
PRG
RBC

RI

SuU
TCL/TAL
TDEC
USAEHA
USAESC

degrees Celsius

micromhos per centimeter

Federal Ambient Water Quality Criteria - Chronic Values for the Protection of
Freshwater Aquatic Life

Federal Ambient Water Quality Criteria for the Protection of Human Health for
the Ingestion of Organisms and Water

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

Uniled States Army Corps of Engineers

constituent of potential concern
dichlorodiphenyldichloroethane
dichlorodiphenyldichloroethene

Defense Distribution Depot Memphis, Tennessee
dichlorodiphenyltrichloroethane

Data Quality Evaluation

United States Environmental Protection Agency

Finding of Suitability to Lease

feasibility study

square feet

milligrams per liter

National Oceanic and Atmospheric Administration
Operable Unit

polynuclear aromatic hydrocarbons

polychlorinated biphenyi

Preliminary Risk Evaluation

preliminary remediation goal

risk-based criteria

Remedial Investigation

standard units

target compound list/ target analyte list

Tennessee Department of Environment and Conservation
United States Army Environmental Hygiene Agency
United States Army Engineer Service Center

SAN/WP/139282/Parce ], 00C . 18




l—l— i —.— NZH 0 NI Syduzpy odag wormausiq y__..n@..»ﬂ BUBLUI POSEGHSY ?ﬁoos_n.m:oa_.wcou OU PEY SBXDY BIET INOUIAM SUONEIo Bundweg
BLIDII seqg-)sry dumpasax usanNSuo 9 ‘g Burioda) morq g
LIaU]) paseq-Yy w~ e H 5} n D i vapsorep aarOde, MBI W
puog 351000 J[09) ‘ST NS T | . o P eowolp - ¢
1 2anSig _ : oo e T SUORNIIRY RETENG (0)
. N (B /M) vopeao edures WaWPes ]
! - re EAd (18w} ueqene Bundweg saem soRpng o
E—— £ INTUHINYNIHG prore (BB} vopestr) Buptueg Dupogog ¢
- T av m {Efuw) uoneoo] Buscwes pog saRpng [
i r e ANTHOM - ..,\ﬁ_ m IERER]
= ] INFHLN YO -
T ££0 | INIDOVHHINYIUWZNAEA | um.
} - el | © 100 1as
_ = aro . 3aa \
Bi— P aga e M
- " INATNEHD tela = ri anNatae
L [} Nﬁ—ubm_uuﬁgm - & ANIEHINYNGHd
| . 3y - 3 ANTIVHHLNRIOZNGE bt 58 avan
13 r zo ANIIVHHINY r 510 anNzvond
“ r o INTHIHJYNIDY o= 3 INTHINWHONTS
_ mﬁ.mu/. r 0| ANIOVEHINYINSIZNAED
! T = wo 100
r T esao /./d = ) aoa
r | oo Omrgs R 50 INTEAEHD
[ €00 7 r ¥ ANGHASTIOZNGE
[ o] uonenveswos] (selo r 590|  INIOVLHINVIRIOMNIG
] /W_ r 4] SHIIVHHLNY
] oss—l r ro INTHLHAYNIOY
[ r] 91000 | m\, T O uensausouos | e |
- A
[ o] uemauspues | szm5s i
2158
- - [ £00°0 SNV TANIHAIOSOULINN
. h — g EDR R 2 SRS . peem 2205
r 5000 - e ¢ 5000 |  ILVTYHIHA (AEHUAHLE-ZhN
r SO0-TE TTTEMs [ o] vommmauwy TR |
r SZTDD'D 7 .
[ o] vonasisouog ] 0 e vhziizazcs ook ' H2ddCa
“ [ - 000 | ALYTYHAHA DAXSHIAHLIZA
¥90°0 .
tern s | ©| uopssusuad reopuas |
[ o] vonensusaues | .
Y900 EMs .
K1 \I
[ o] wmausauco e
. QEsS
r 79100 A\ &
- Y9000 r vE¥-5S
£a100 JINISHY | -
i 3 -
Lol 5?2.8..3_ _BJ..._D foredy 96985 «wa.m\q..\\.
r won.o BE-SE—] A
r 00 PAACES|D) "IUSTIY 05-S8 SRS |
r 0 JINISHY { . Ty —OESES I
) S
(o] vommmwes] s I | 1] e Q e
i i |
_ (seio £ £ assas—" | @ | vesss Bar-s5
i £y ; a8 L
! £S5 h _
r YO0 ponota|q ‘nuoRsY 3 n_ﬁ.mmt\\\m\ﬁ_ \w.._uffsm.nm g tshy
| r w0 JINISHY ] 26 TShiesss o)
_ [ o] vopsautmes] rerseyd | i . w&.mm_.
I : :
_ r sEL'D PRARERQ 'UIZ ! 0iz ' i
r 747 JINTSUY . . 3 ’
L _ [ o] vonsaueouwos mopuea | _

Bt G6CE




TTIHWZHD

4
|

!
_
_

AL ‘Tiychaagy fodsq vonngrasiy uzfxg
BLI2)L1)) PASeg-HSTY SUIPIOXY Sjuan)suoc))

EpoIm pasoq-ysh duipeeme SjLAMTSUTO O PRY SEXDY TP INCLALM SUCIEDO] Bujdweg

"Yuig Burtiodas smorad ing s

op

UOTIEEP SAOE IMEA POIEWAS SEEHR - 1
& .
uospIIE( aYe] "9 S Id ; a " LORIGIR POQERADUN FUIEOKY - =
Z 3andly : . suomugeg s2yend (0)
’ : N {EyBw} uoneso] edwes wewIpeg 3
(0w vonwoo') Bunthuog 1eiBM BORKNS
{Bsy/Bw) uopeoon Bujdures Bugog 19 »
7 i {BnBus) uopeocn) Bupdwes Iog BITPRS 7]
i m N EGER
\
g8
i £20'0 M40
. r €000 | 1LY TVHLHG DAXEHIAHLI-ZIR
_ _ o_ :o_.i.ucou..au_ [T T
........ gen0 200
_ et SRR WD aga
) D] voneausouog | mawews |
2 L [000]  SNIAYIANHCIOOSOLLNN
_ oSt e i I zom 53440
r Zo0't | 1LY TVHILHG (AT HIAHLI-Zsm
r sat00 gval r 190 INTHAL - L0 DINISHY
r Socrary 100 r ) FHELHINVNGHA M3 O] uommieswod oo |
r sarare aaa T ) INTHINVUOMA
r weoo PRAIDESN] D[y Y 300
[“ 413 DINIASHY SrO0 Qa0
[ o] wmeauess| TEomsImE) _../ r vo ANISAHHA
s emi r €20 3NIOVHHLNW()OZNIE
r oo | aval m :o_ uonERUsucs | FRORUAD |
2100 ::_.:oxxu vozrmMg NOSTIINYA 3V
r £600°0 PR — \\_.
210 OREEYY | L €3 r 10 aNIE
_ u_ _.o_.ib._oo..ou_ (aareud ] r 51100 TINON
' 05 r vzzon oval
r z00 ¥3ddod
500D 300 - w0100 RONOUHD
¥eoo H39dD0 || A& [ r] 9000 | LLVTIVHINY fAXaHLAHLE T | sore PRAOTSI0 HUTIIY
; - 25 eas rLLO0 DINIEHY
oo | DINISUY [ _ a_ S_ﬁh_._oo.._oow
[ o] vonmavwuoa] monueyd H a3 |
N2
r LE00°0 gvn 99EM TIHIN
66100 PRAJOBEH]) "Ijusury | avan
£Iee'o SNISHY | 1aa
[ of venanueues WU | 200
.. 8100 43dd0D H3dd02
r mioD aval r £00°'0 | ALVIVHAHL (LEHTAHIZ-TIRG WNMONHD
r 500-35T Faa _.f = 1200 INIASHY | Py m——
r 6000 paspsng ‘ouesty || ) [ o] uopaguea | prepT— NIASHY
yacog OINaSHY || | = I_
— oy
| voprquesuns monume B — -
Lol | 4 ﬁ TEERTEYY . panawig Uz
[ : oNZ
_ i : ava
| = 0 m A [ ,
, | ; r ] PRAJCER)(] "IUZ r SOL-A%'S Eli[1]
: ! r 5D oNEZ r ¥200D RACSSIQ ISRV
b _ [ r no WNIATIY n 950 WONIAMY
_ L o “ [ o] uopanvasusa] e ] | o] venaaurzed | ranedo |

62¢ _




41

39

SEMSGT/ERZOR L/ A NS

WOW ] VN VN 19 =[ZEF 0 785CMS NOHl] € T1IH WZHD
TOW T VN VN 1’9 =[O0 TBSLMS Nodl| € T1IH WZHD
oW i VN vN 19 =[SFT 0 TESeMS NOdl[ ¢ T1IH WZHD
TOW ] VN VN K3 =[90¢ 0 TH5TMS NOdl| ¢ T1H WZHD|
TOW YN VN YN VN TIS¥D0000 TASTAS Nagaida| ¢ THH WTHD
VOW VN VN VN VN T[€500000 TASTMS Naa13aial ¢ 1R WTHD
TOW VN VN VN VN ~ [|7+0000°0 7OSTMS Nieq il . T1IH WTHD,
OW VN YN VN YN =[91000°0 TESTMS NEqQuaal € T1IH WZHD
TOW VN VN VN VN =[£v0000 TVSTAS NM@AId] ¢ T1IH WZHD
TUOW 010 65000000 VN VYN TlzE0000°0 TESTMS Jad| ¢ T1IH WZHD
O VN VN VN 0f =[508 TA5LMS paafossiq wnRE)! ¢ "T1IH WZHD|
TOW VN VN YN Ot =l6bL ZA5LMS PAA[OSSIG WApE)l € T1IH WLHD
TOW VN VN VN 0t g9t TASTMS paajossiq wnpEy| ¢ T1iH WTHD
WOW VN VN YN 0L 6z TASTMS paapossig WhE)| € TIIH WIHD)
TOW VN VN VN 73 = TASIMS WNIIvD| ¢ T1IH WZHD)|
TOW VN VN VN Tt = 795IMS WO Ivo| ¢ T1IH WCHD
VOW VN VN VN o Tr¥e TASTMS WV ¢t T1IH WCHO
TOW VN VN VN 73 T6v'T 195TMS WNloIvo| ¢t TilH WeHD
VoW AN ]L0000° 50 A0 T|F800°¢ TUSTMS PoADsSIq DAY | TiIH WZHD
TOW 61 210000° 0 AT flcLot0 TASTMS PaApOSSI] DUSIY| € T1H WZHO
TOW 61 K10000° <0 0 TFco00 TOSTMS paAjosSIg OMRslY| € T11H WTHD
TOW ol 810000 %0 ZI0 TisTo0D TESTAS EREEETESS T1IH WZHD
TOW 6l 810000° S0 710 T[sz000 THSTMS pealossIq Y| ¢ TilH WZHD
TOW 6 B10000° 0 T F[r800°0 TVSTMS poassiq Sesy| ¢ T1H WeHD
TOW 61 810000° 50 210 =[cs100 TASTMS JINGsSHY| ¢ T1IH WTHD
VoW &l BI10000° i3 ®I0 ({g00°0 TasZMS JINASHV| ¢t TIH WIHD
TOW 61 8100007 0 (106§ [{FETY TISTMS 3INASYY| € T1IH WZHD
UOW 6l 810000 <0 310 T[pzo0'0 TDSTMS DINDSdV| € T1H WZHD)|
TOW 61 q10000° <0 810 =[cI00 TVSTAS JINdSav| ¢ T1iH WCHO
UOW 180 VN VN 153 flLF 10D TASIMS —PpRA(DSSI WOyl ¢ “TIH WZHD
VOW 130 VN VN v HFI00 TESIMS PoA[OsSI(] WnAWN | ¢ T1H WCHO
VoW 130" VN VM TS TIB6v0'Q ZASLMS WNNINIT V] ¢ TTH WCHO
TOW 180 VN VN TS 7900 7ASLMS WNNIWN V| ¢t TI1IH WeHD
AMUA  [PUIERO | InBA [EXXTX ,221nog
gun | OV-OOMY | HH-DOMY | TS NL punoadyoeg | waloxd | paRaRa | AVONMS Aapuwnang ovyd ueq

aassauua |, ‘siydwapy 10da(] dopnquIsK] ASUJA]

weadorg Guydweg uonpinsau] [RIpAUIY
$7 S 10) S[3AT BUIUIAIG M pauedwo)

131244 3ujang ut spunodwery paIRga(] Jo Aaounwung

¥-5Z 3190l




SRCMSGZ ZBZAC L/dMINYS

VOW VN VN VN VN =[1Z [asTms SQIT0S adaNadsns| € TIIH WZHD
VoW V¥N VN VN VN =[01 TASIMS SGIos Q4aNadsnse| € "TIIH WZHD
VoW ¥N VN ¥N VN =[51 TasTms SArios AdaNadsns| € TIIH WZHD
TOW VN VN ¥N VN =|v6 IVSTMS SArios 4aanN3dsns| ¢ T1IH WZHD
TOW VN VN VYN 12 €660 TASIMS WNiaos| ¢ T1IH WZHD
OW VN VN VN 2 (801 TASIMS Wniaos| ¢ TIH WZHD)|
VOW VN VN VN L9 ]85z THSLMS PIA[OSSI] WNiSSEIod| € TIIH WZHOD
VDN VN VN VN L9 [ 554 THSTMS POAIOSSK] "WNSSEiod| € TH WZHD
UOW VN VN VN L L [ (254 Ta5IMS WsSsviod| € " T1IH WTHD
TOW VN VN VN TL LT 2SS WNISSV.LOd|[ ¢ T1H WTHD
TIDW VN YN VN 15 [|L600°D 19SZMS PoADsSI(] JSUCIWUN[  § "T1IH WZHD
VDOW VN WN VN IS5 f[t0I00 1952MS PoA[DSsI(] PSOUCSWR [ & “T1IH WTHD
VO VN ¥N VN [T =[56900 ZASTMS ASANVONVIN| ¢t “T1H WZHD
UOW WN VN VN Ty =[F890°0 THSIMS ASINVONVIWN| & T1IH WZHO
TDW VN VN VN 59 f[oP1C0 1asZms ASANVONVW| € T1H WZHD
VOW VN VN VN Ty =[I9100 THSZMS ASHNYONVIA| € T1IH WZHD
VDA VN VN VN 69 iZS 1 TASTMS PaA[OssI] WnsAuBel| € — TR WZHD
OW VN VYN VN 69 T[zo° ZHSTMS PaAfassi] wnseusely] £ | T1H WEHD
TOW VN VN VN &9 T[RTF0 Ta5ZMS PIAJOSSI "WNISSUSCIN L ¢ T1IH WZHD
VoW VN VN VN 69 i FETA) THSLMS PaAlosSI] WIRISUSER|  ¢© T1H WTHD
TOW VN VN VN L TSt ZHSLMS WNISANOVIA| £ T1H WZHD
WOW VN VN VN L T|8s 1 THSEMS WNISANOVI| € TIIH WZHD
TOW VN VN VN L'L f[TLT0 TASZMS WNISANOV| € “TIH WTHJ
TOW VN VN VN LL f|982°0 THSTMS WOISINDVIN] € TilH WZHO
DOW 800" VN <0 €00 (€200 1A5TMS PIAIOSSIA PE¥ ]| € T1IH WZHD
TOW 000" VN <o 610" T[Z9100 TASTMS avaa| € TTIH WZHD
TOW 600" ¥N <0 610 T|S000 105TMS aval| € TIH WIHD
TOW 1€00° VN <0 60 [[€200°0 TOSTAS avdail| € T1IH WZHD
TOW T€00° YN <0 610 Tjoz000 195TMS avdail| € T1H WTHO
TOW 7E00° VN SO 610" T[zS00°0 195TMS aval| € T1IH WTHO
TOW TE00" VN <0 610" Tlao10°0 TVSTMS aval| € T1H WTHD)
TOW T VN VN AN =[CI20 THSTMS PAAIGSST uad|| € T1H WZHD
TOW 1 VN VN Zr S A1) Z95TMS pasossig wodl| ¢ TIIH WZHD
FNICA FETTH L) INTA [»31ug 23in0g
sun | ov-ODAMY | HH-DOMY |,2msNL | punosyug wafoag | paasag |@iuon®s Janmeieg ovyad meQ

aassaunaf 'spydusayy 1odag nonnqLnsi(g ;A

wieaSoa g Bundumeg uonudpsaauy [Eipauny
$7 IS Ju] s]pA7] Suruaaadg 0y pasedwio)

131844 2383108 Ut spunodwos) PR Jo Alounung

V-§Z3qu)




SpmsSZ/ZZ6E L/ NVE

5661 wnEny “TIIH WTHD ‘U0id 140M dpnig &)pqiseagpounSursan] joipawy Iuaua0 A 10 g-¢ QUL ..:o._.« AT SON[BA 21TIG 3STIUUD L'y

qU3MND0P SWES YY) JO Z-§ QUL Ul papodar pue wedy daugs[) OvHd A1 Aq p21jipout 5B put
‘8661 Asenuer IIH WZHD wnpuvioutayy (patuyaa ) uniSoid Suipdusng pumosSpoog (a4 ) 3O |-§ UL W04 AL EanfeA punaudyleg ‘g
-pazkpeue sinawremnd 3 |[T 10U PUE 1S YIT3 UYL pAIN2P sraraweied ag Ajuo sapnjaun fugsy) Jnsumred ) 7

‘0661 SnENY ‘[EIUIWLOIIAUT MET] ‘uoday joury LINQA 10 uonpItisAu; [oIpauiey ) puv
1661 "T1IH WIHD ‘NL ‘syydwapy todag asuafacr sof wpsSos g Supjhuing uoupdusaauy [Ipaway-140d2Y [ 123404 3f4g3 I WOIJ PIUBIQQ AT SIN{EA PARNAJ ]
SA0N
I o L1 YN S o4 =200 SMS JINE € MY
=~ Von L wN g 6z =[zz00 vAS DN £ MY
WS Sge0 SO0 £P0000° N fEc0'o SMS| ININVIANSHIIGOSOULN-N £ MY
o 1w Z10 N 1 ptin) =00 SMS Y3dd0J £ Myl
w2 /9N (410} hdy L S =1590'0 rMS H1ddD3 £ MY
D WOW VN 100 gl ¥N risoo'n SMS AVIVHIH] (AXGHIAHIZ-ZEKR £ MV
VoW W¥N §100° el VN rlE0o’o FMS AVIVHIHD (AXIHIAHI -2 £ MY
1OW VN YN 1 £l =[pLOD GMS NS [y MY
1ou| wN| WN L £L <lvi00 FMS NOIVE £ MY
AN VN ¥N hody! VN rjznoo GMS INOLIZIV £ Ml
/SN N YN YN N 12000 PME _3NOLIDV £ My
TOW T VN g 14 [[2E1'0 1D5TMS pasjossi Uiz € T1H WIHD
WOW I VN g e’ Mrelao TASTMS ONIZ| t TTIH WTHO
TOW 0 VN 5 [i4 r{¢9300 TOSTMS ONIZ] & T1IH WTHD:
UOW T VN g (14 [{20L0°0 THSLAAS ONIZ] & T1H WZIHD
TOW 1} ¥N £ 6T [ EEL TASTMS ONIZ] TH WZHD
O VN YN Vi YN o 4 ZASTMS NOHEYD JINVOHO TVILOL] & TTIH WTHD
/DWW YN ¥N YN VN =[8'91 TASCAS NOEHVI DINVOHO 1VIOL t T1IH WTHD
T/OW VN VN i VN =|s'a TOSTMS NOBEYI DINVDYD TvlOl] ¢ TTIH WTHD
TOW VN VN ¥N VN =8 1D5TM5 NOHAVD JINVDUO TVILIOL] ¢ T1IH WZHD
TOW VN VN YN VN =g THSTMS NOEUVD DINVOIC TvLOL| ¢ T1H WIHD
T/OW YN VN YN YN =l6's THSTAS NOHdYID JINVDIO TVLOL[ € TTIH WTHD.
WOW YN YN VN ¥N =L THSTMS NOEdVO DINVDHO TV.IOL) £ TTH WTHD
VoW VN VN VN VN =l e TASZAS NOHdVD JINYDUO TVIOL[ E TIIH WZHD
W YN VN YN ¥N =[ofl TVSIAMS NOHAVD JINVDEO TVIOL| £ ATIH WZHD,
DN VN VN VN VN =JL8S ZASTAS SQI'T0S G3aNa4SnS| € T1H WTHD

JELTETY Jyead) anmA P g (234nag

s | LOVOOMY | HH-D0MY | IS NL punoadyprg | wafulg | pawRq | Qmuonsis LPRweItg aviad meq

sasseuua] ‘sndunapy joda wonnqLISK] asuajagg
wradoy] Jurpdung uoneinsaau] [pauIsy
S7 3G 10) sp4d[ SupuRadg o1 pateduio]
233wy 398JINS Ul spunodwie]) PR Jo Adeunung
¥-sTAlqeL




44

b

S MEGT/ZITAT L/ dMINYS

suun _ LOV-20MY

w1 Juniodas Ayl mojaq g NI UONINSP A1 2A04E N[TA PIIRLLSI EITIIPUL - |
‘uordAap patjienbun saEdiput - =
-uosuedwod 10) S[E|ITAT 10U 2IE SIN[EA [242] SUIUFAIIS SANEDIPUL - YN
‘RaPIRIXT SEM 121 AN[CA [342] Buiuoards pAIRIJOSSE U1 PUR SR[TA [IAT] Sutuaaas w posox 1el SU0INASP SAWpul 1x31 plog
‘5661 1030y “TH WZHD * ¥oid YoM &pris Kpiqusoay ponvdiisaau] (oipauay
oauan B1p JO §-€ S|QEL WY W SIN[TA (OV-DDM V) 9J1T anenhy J31TAMYsaL,] JO UONINCIJ Sy 40] I TR LNEND JSIem QU [B13p3d °G
‘¢661 1SN3NY “TTIH WTHD  WoId oM Aprug &1jiqispa J/uonplusaauy jotpauwssy 912uan) 94) JO §-¢ QUL oy
AT SAN[EA ﬁ_._In.UOB{v 1231 M, pUT mEm_cuw._O Jo no__wuwc_ QU 10} Llfeay UBWING] JO UANDZGL] ) 104 CHAIW) m_:dso JATTA JRIGUWYY [RISP3] 5
n@-.-—a A ._u_hm—a:Q M A # —uu.-n_& —uu.:.-n.m

puncadyoeg | waforg | pwaanag |quuenws ovad neq

Adrurirg

HH-O0MY | TS N1

asszauua ), ‘siydwapy yedaq monnqLnsyy asuajagg
weaSorg Sundwsg uonuinsvau] [eipawsy
§7 3S 40§ S]2A¥] SuRaidg o) paledun])
1304\ 0TINg Ul spunaduio]) pataage( Jo Aseung
V-$Z 319CL




SPUasSA/eRILE HAMNYS

DMN/OW VN VN 'Ta flico 6-5-S ALY 1VHLHd (TAXTHTAHLI-T)SY "MV
L ON/OW ¥N VN T3 Lo $S-+-as ALV TVHIHA (TAXTHTAHLI-T)sq MV]
hd ON/DOW VN VN 13 [le90 6v-ds ALV IVHIHd (IAXSH 1AHLA-7)s9 MY
OI/ON VN VYN VN et $$-$-dS A1V JIOZNIH MVl
(o DM/DNW VN VN VN rlL60 6-5-Ads AIDV JI0ZN3Y MV
M.yu ON/OW VN YN VN [|890 SS-+as aidVv DIOZNAg MV
ON/HOW VN VN VN tlsyo 6-+as aldv DIOZNIg AV
OM/HOW VN VN [ =lo°1 $S-¢-as ANFHLNVYONTIH0ZNYd MV
DH/DW VN VN €7 fles o 6-6-dS ANTHINVAIONTIOZNE g MV
DM/OW VN VN g1 =[y60 $5-6-aS ANT TAddd( y 8)0ZNAd MV
ON/OW YN VN 81 fl6£0 6-6-4S ANFTA G4 'Y'I)OZNI e MV
ON/ONW VN VN Tt =18'l $5-6-dS ANFHINVION THQOZNTL MY]
OM/DN VN VN 44 690 6-5-0ds ANFHINVION1H(0ZNEH MV
OMN/ONW t £ (54 =1 $8-5-G§ INHUAL(R)OZNI] MV
OMN/ON v £ (54 f[s'0 6-5-as ANH I Ad(B)OZNAE XA
ON/OW €T or - 6T =1y $5-¢-aS IANIOVIHLNV(R)OZNId MV
OH/OW €T or' 6T f|goa 6-6-AS ANIDVIHLNV(T}0ZNI g MV
ON/OW VN VN gil =[ 101 $8-¢-ds WNRvVeE MV
OY/DW VN VN gl =|#01 6-6-Q8S ANV MV
OH/ONW VN VN gl =|96 SS-+-as WNIvd MV
DIONW VN VN 811 =[T’56 6v-ds Wnvd MY
OM/OW SR0° S80° 9] flzo $8--ds ANHOVIHLINY MY]
OM/OW 580° [0} 9l flzo 6-5-as ANIIVHHINY MV
/0N VN VN VN =20 $8-6-As NVATNSOANT YHdTY MVl
O3/ON VN VN VN =[1200 $8-6-as INOLHOY MV
OH/ON VN VN VN =|rz00 6-5-Gs ANOLIDV MV
ON/OW VN VN VN =[L1°0 SS-»-as ANOLIDY MV
DM/OW VN VN - ¥N =|¢1°0 6v-0Ss ANCLIDY MV
ON/DOW 38 70’ L e $S-¢-as ANFHIHdVNIOV MV
DIW/OW <l 3w Ly fF10 6-5-As ANTHLHIYNIOV MV
ELTETN aaendy | anmy - (200G
sHun | P3aS-VVON |, PaS-Oud punoafyseq | wafoad | parsaa(q |apuonms AHPWBIC] seq

aassauua ] ‘snydagy yoda(] asuaga(]
weifor Jujdwng vensdnsasu] [€1pIHIY
57 S 10§ 513427 Buuad10g 0y paaedwo)
juaunpag uj spuncdwo)) pa32a33(] Jo Avwiung
§-5T Jq8L




S ASSUECBILE HdMWNYS

ON/ON T3 1z A3 =[g 6-v-as aval "MV
Nt DM/ VN VN Ll =60 §§-¢-ds ANTHAAP'OE'T JONAANI MV
= DM/OW VN ¥N Ll rlsen 6-5-ds ANTUALIP-E£ T L JONIANI AVl
ON/OW SE0° 810 69°1 flzro $5-5-1S ANTIONTA MVT
o /DN ££0° §10° 69°1 rlsto 6-5-S ANTEONT MVl
M.w OM/ON 3 8¢ 'L =|¢ $5-¢-ds ANTHLNVION TS Al
DN/OW 9 BE’ 'L =Lt 6-6-CIS ANTFHINVHON 1] MV
ON/DOW g 8¢ 'L fletro §S-p-ds ANFHINVHONT] AV
OO 90’ (10} L X0 §5-6-0S ANHDVUHLNY{YE)ZNIFI] MV
ON/OW 90 1€0° L NEE 5-6-as INADVAHLNVUBZNTgIa MV
ON/DOW 100° VN VN =[6T $$-6-AS laa MV
ON/DW 100° VN VN =[z9°0 6-5-As 1ad MVT
OM/OW 200° L100° TL00 =[op'd $$-$-dS 3ad MV
ON/OW 00 LTO0° TLOY =(890°0 SS-+-dS aad MV
OYN/OW 00’ L100° TLOO =[¥90°0 6v-as 3ad MV
IO 700" VN "190¢" =g $5-6-as aaa AV
OA/DW T00' VN 1900 =960 6-5-as aaa MV
ON/OW W00 VN 1900 =[§1°0 SS-+-AS aad MV
ON/OW oo’ VN 1900 =ie7'0 6--Qs aaa MV
DW/DOW 0L 87 8¢ =182 §§-6-Q8 YHddOD MV
/DN 0L 3T ¢ =9z 6-6-dS YIddOD MV
OMN/ONW oL 37 g€ =[61 $S-+-dS W4dd0D MV
ON/OW oL 8 [ =|9] 6-7-as Wgdd0D MV
OM/DW 3 w A =[p'] $$-6-As ANHSAYHD MAV]
OMN/OW ¥ <A A3 flsco 6-6-a8 INISAYHD MV]
ONOW 08 tE 07 =[sz S$-¢-ds WNIANQYHD MVl
SHIOW 0¥ £€ 07 =iz 6-5-as WNINOYHD MVl
DN/DW 08 £€ 0z =[| SS-+A8 WNINOIHD MV
DN/OW 08 X3 0z =|t1 6-v-(IS WNINOYHD MV
DI/OW ¢ | 62 =[6'0 §$-¢-as WNIWAvD MV
ON/ONW VN ¥N T3 ffico $$-6-as ALV IVHLHd (TAXTHTAHLI-T)SY XA
sy | pag-vVON |, PRS-DHd punocafiyaeg | walord | pawanag jqiuenms A3Puee 2E(

aassauua [, ‘spydwapy y0dag sasuapq
wrades Suydmeg uonednsaau] [erpaway
7 911§ 10} 54T Buluaardg 03 pasedwo))
Juswipag Uy spunoduio)) pajdaa( jo Lewung
-5 AqBL




SPrasoZ/ZBEEE HdMMNYS

OM/ONW YN VN YN =[591 §8-5-dS SU0QIB0IPAH dNEWOIY JEJ[SNUALOd [BICL " MY
DOAH/OW ¥N YN VN =|86'8 6-5-aS SUOQIEI0IPAH DLBWOLY JES[INUA|O] [BIOL AVl
OMN/DONW VN YN VN =|kE0 58-S SUCGIBO0IPAH S1EWOIY Jea|dnUA[a 910, MV
OM/OW VN VN 414 f|zo0°0 6-6¢-ds . dNHNI0L MV
e DAIONW VN 67 6T =P §8-¢-ds HNTHAd MVl
~ OA/ON ¥N 6T &1 =IF'1 6§-ds HNHHAL MV
DH/HON VN 14 6C (o §8-9-AS ONTEAL MV’
o DN/ON 5T 149 6’9 i §8-5-dS§ HNTUHINYNHIHd MVY]
2 ON/ONW 144 149 89 =[T°1 66-dS ANTSHH.INVYNAIHd MY]
™ OX/OW 144 148 69 o S8-#-d% ANJHHINYNTHA MV]
DIN/ONW VN VN VN [Leo 58-§ds TCNIHAOJAOQTHIV.LNId AV
ONOW 0€ YN 3 =|r! §8-6-48§ THNOIN MVY]
DHONW 0¢ YN 0t =|k1 6-¢-08 TIAIIN MV
OX/ON 0t YN 0t =|tl SS-+-as TIADIN MVT
DM/HONW 0t VYN Ot ={tl 68 TAHDIN AV
OM/ONW VN VN VYN Ii8T'0 §5-6-d5 ININVTANTHJIJOSOULIN-N MV]
ON/OW YN VN YN {16170 §6-48 NIV ITANAHJIAOSOELIN-N MV
OA/OW YN VN ¥N fnel'o SS-+-dSs ANTWY TANTHJIAOSOELIN-N MY1
DAOW YN VN ¥N ={r100 85-¢-d8 HAMNHOTHD AN TAHLIW MV]
DIFOW YN VN VN o FTAVRY 6-5-d8§ FANYOTHD ANFTAHLIW MVl
OMN/ON VYN VN YN =[L200 S5-+0as FATHOTHI NI TAHLIW MY
DAH/DON VN ¥N VN =[620°0 6-v-as AQTAOTHD ANTTAHLIN MV
DA/IDNW VN ¥N 10 [1900°0 5SS ANOLTA TAHLY TAHLINW AV
DA/DON YN YN 1) []5c00 6-¢-(8 ANOLTY TAHLA "TAHLIW MV'T
OM/DN SI I L4 =[200 §8-5-d35 AdNDdan MV]
DHOW -1 I P =|r00 6-5-48 AdnNdN Myl
OW/OW sl I’ ¥ =[¢0'0 SS-+-aS AdNDydN MY]
OMNONW ¢l I’ ¥ =|r0'0 6-v-as AANDHINW MV]
DA/ONW st 1T 'St =16 §5-¢-dS avin AV
DM/OW S 17 (A =|5% 6-5-ds avd] MV
DN/OW et Iz [AY =1 §8--aSs avdal MV
sy | Pas-¥VON |,P2S-Ddd punoadyaeg | 1afoag | pA2djag |AIUCR®IS Apunieg me(

aassauna ], ‘s dwapyf yedaq asuajag
wesdos Suydweg vopednsaau] [eIpaway
$7 NG 10) SPAF Sutuaanng o) patedwo)
juawtpag ut spunodwoy) pajRR( Jo AJBwung
g-5Z 3198l




SPrasc2/eRzet HAMNYS

43

<3

"y suitiodal 3y mo[aq Ing ITWI| UONIIIRP ) JA0]E IN[BA PIIBLINSS SIWIPUL - [
uana313p ﬁu_.___m-.&:: saedipul - =
-uosUedwos 10} )qY[TBAR 10U AI8 SIN[BA [343] Suiusauds saleoipul - YN
“papaadxd STM JEY) AN[BA [249] SUILISIDS PIABIDOSSE ) PUE IN[CA [343] SU1U53135 B Ppa3axo |BY) SUONIIIP SANEIIPUI 1X3) plog
"S661 18N8y "TUH WTHD * wold Y1om 4pnis
Li1gysva Jpionp@nsanuy joipauRy 23130 341 JO O1-¢ QUL WO 31e SIN[Ls (vvON) uonensiiupy susydsouny pue J1ueaag) [suoneN g
"5661 158Ny “TTIH WZHD ' Uold Y404
bﬂ:..w. bmmw&_qﬁunm\ﬁbmuum.:hu:ﬂm JIpIway u_.:up___mmu 241 Jo 01 -€ Ijqu], wolj e 50 LY HON—QV [eon) ﬁOﬁﬂmUquﬁ EEE:E juaulipas ‘¢
. “JUAWN20P SUIBS Y] JO Z-§ s|qe] ul pauodal put twes ] dnued[] Jvyd oy £q payjipow se pue
.wmm_ h.—d:..._.m—. .J\EI WTHD ! Ea.ﬂec._gtm: Nuumtcuu.h Eh‘.__m.bhnm ME..&EUW an...%«uum :H:b- Sl 1o [-€ 2[qel, urnJgj 2Ie Sanjea vczp_wu_umm £
.Uunm_d_._.n wuou_o:._.mh_un_ e 10U pue 215 YJe2 UIglim pajoalap Eu.—uEEn-._ ayl h_nc SOpnaul m_.:__m: ho._QEa.an_ 241 ¢
0661 gmsm ny .E.EUEGO,___.__EW MET] .tﬁn..ht NQE,& Aaa m "-bﬁuw.:hubs_. 1pauayy ayl wody paulglqo aue sanea paldR 1

_ S210N
OWOW 0zl 9 L6L =[6'08 $5-5-S ONIZ AV
OW/OW 0z 89 L6L =[399 6-5-GS ONIZ AV]
ON/OW 0zl 80 L6L =L ¥ §5-7ds ONIZ AV]
ON/OW 0zl 89 Z6L =fcev 67-as ONIZ AV
s [,pa§-YVON | pas-0ud [puncsdypng | 33afalg | parara |aiuonws ANIWBIE] nuq

aassauua J, ‘syydwagy yedagg asuapag
weafaag Fundweg uonednssau] [EIpILY
§7 S a0j s1aaa] upuaalag o) paaedwo))
yusunpag m spunodurory pa1dslaq jo Alwunung
g-573qeL




49

3469

SRIMSOLITEZAC 1 /dMINYS

"TOW 100000 65000000°[FZ0G00000° VYN T[vS0000°0 1QYTMS 1adl” ¢ TIHWIHD
TOW 100000 65000000° |¥T0000000° VN =[S1000°0 19TMS ldaal ¢ TTIH WTHD
ToN 100000 65000000 [FLOD0000D) VN TLro0000 IVOTMS ldal ¢ TT1IH WTHD
ToOW 1) 6S000000" VN VN ~T[920000°0 1a9TMS qad| ¢ TTIH WZHD
oW 5010 650000007 VYN VN 18500000 TOSZMS aaal ¢ TIH WCHD
TIOWN S0I0 65000000 VN VN uaﬁ_gc.a TA92S qaq| ¢ T1H WZHD
TOW coI0 65000000° VN VN 1€0000°0 IV9ZMS qad| ¢ T1IH WTHD
TOW FA0Y VN [ CLO T[9170°0 ZA9THAS addoo| ¢ T1IH WZHD
TOW T VN ] cio T[E1Z0°0 TA9TMS HaddOD| ¢ THH WZHD
TOW 1§05 VN SO 9%0" =[9810°Q ZasTMs WNINCEHD[ © TIIH WZHD
TOW [§0) VN 50" 950" =[8Z10°0 TA%TMS WNTWOYHD| ¢ TIIH WeRd
TOW (07} VN g0 0L0 ={101G 0 T49ZMS WNINOYHD| ¢t "T1H WZHD)
oW 10} VN S0 9t0" =[F10°0 TVILMS WNINOYHD| € T1H WZHD)
oW VN VN VN Of =206 TO9TMS PIAIOSSI WARE)| TTH WZHD
TOW VN VN VN 0f TfFEE TJ9TMS PIAOSSI] WADEf TIH WZHD|
TDW VN VN VN Fi3 =[R06 TI9TMS WOIDIvY| ¢ "T1H WZHD)|
TIOW VN VN VN € %3 1D9TMS WNI V)| ¢ TI1IH WZHD
TDW Gl 810000° S0 A5 =[S0P0°D TAITMS PeAfOSSIQ OILSEIY| ¢ T1H WZHD
TOW Gl R10000° <O FATT} S91Z0°D 1QITMS PSA[DSSIQ lussly| ¢ T1H WTHD
TOW 6l R100G00 1} AT f{rzo00 TO9ZMS PaA[OSSIg oWEwY| ¢ T1H WZHD
TOW 6l R10000° 5} Tio =|C6T00 Ta9IMS PoATOSSIQ PSsIY |  § T1H WZHD
TDOW 6l 10000 5] Ty -~ [es00°0 199ZMS PRAIDOSSI(] DWEsy | ¢ T11IH WZHD
TOW 6l 810000 o AT} — 11660070 TVY9LMS PRAIOSSI SWasty| ¢ T1IH WTHD
W 6l 810000 c0 FAT} ~TI8L000 TVOTMS PIAIOSSI(] Slasiy| € TTIH WEHD
TOW 6l S10000° 50 I =[vZL00 TA9TMS DINGSav| € TIIR WZHD
DN ol R10000° 50 FIT3 =16790°0 1G9TMS JINASHVY| € T1H WZHD
TOW ol K10000° <0 FI) =[€T70°0 THOTMS JINASAV| ¢ TIH WZHD
DN 6l S10000° <0 8L =[+9£0°D TA9ZM5 DJINASAV| € T1IH WZHD
WOW 6l {10000° <o 310 =[€TT10°D TVYOLMS DJINAsav| ¢ TIIH WZHD
TOW [N ST10000° <0 A0 =[€Z10°D 1VOTMS DINASHV| ¢ “T1IH WZHD)
VOW 180" VN VN Tiv Tfv180°0 TOOTAS PIATOSBIG WoNWn Y| § T1H WZHD
VOW L80° VN VN TS TiNITo TO9CMS WANINITIV|[ € T1H WZHD
TOW 180" VN VN 53 =[9L50 109TMS ANNINMY|[ ¢ THH WIHD
APA Jaqeny|  anjea Py [Soanog
s | OV-ODMY | HHDDMY |, SN | punoadyasy | 1efoag | papapag |queneig Anawsieg avHd meqg

asssauua], ‘siqdwispy] 1oda(g uonnqunsyg IsUfag

artaBoxd updweg vopedpsaaup ipawsy
9T IS I0) spaaa] umaalag o) pasedwory

204 ulng ) spunoduwrey) paaasa( jo Lvwumg

V972981




SXMIGT/ERZLE L/IMINYS

Iy DN VN VN VN VN = I 199ZMS SQITOS QEANEJSNS] € TIIH WZHD,
TVOW VN VN VN VN =IZ8C TVILAS SAINGS QIANAASNS| € TIIH WZHD,
TOW VN VN VN VN =|6a1 1v9ZmS SAros a3aNzdsns| € TI1IH WZHD!
o 1OW VN VN VN F#7 (060 TO9TMS PAA[OSEI] wnipos|— £ TTIH WZHD
N S 11517 VN VN VN 1T f[E9&'0 TO9ZMS WNIdoS] £ TIH WZHD
R S 77577 VN VN VN 12 fISL60 TOBTMS WNIaos[ € TIIH WZHD
TOW VN VN VN L9 flEv T TIOITMS PIATOSSI(] Wnissuiog| ¢ TIIH WZHD
VOW VN VN VN K] 1 K] 109ZMS PAATOSSIC] WInIsseIog [~ ¢ T1IH WZHD
TOW VN VN VN T L f[l& 1 TI9TMS WNISSY1Od] t T1IH WZHD
TOW o1 19 L0 (171} T|SLI00 ZAa9TMS TIAJIN[ € TIH WZHD
TOW o7 19 elo 71} (9100 TA9TAS TIADIN] € T1IH WZHD
TOW ST 19 YLD (%41} [{ A0 189ZMS TN € TIIH WZHD
TOW VN VN VN gL T[PZ000 TO9TMS (N[N RETETLGE 7] I TUH WZHD
TOW VN VN VN 5 =[L0Z0°0 129TMS PoAJOSSI] ASoUNBURA|  © T1IH WZHD
TOW VN VN VN 99 T[¢800°0 TI9TMS ASANVONVIN| ¢ T1IH WeHD
TOW VN VN VN 99" =[19%0°0 129TMS ISANVONVIN] ¢ TTH WeHD
TOW VN vN VN 69 X ZO9TMS PRAJOSS1] WISOUST[ ¢ "T1IH WZHD
TOW VN VN VN 69 f[Elz 0 1DSTMS GEXYRESTS UHIEETE {75 TiIIH WZHD
TOW VN VN VN L [ FFARL ZO9TMS WAISANDVIN] ¢ TUH WZHD
oW VN VN VN 'L f[88€0 1D9TMS WNISANDOVIN[ & THH WZHD
OW 7€00° VN [<i§ teo TITe00D 1Q9TMS POAIOSSI PeF| ¢ T1H WZHD
TIOW 7600 VN (<} 510 Tfrzzon TA9TMS aval ¢ TIH WZHD
TIDW 7600° YN 50 610" T[29Z0°D La9TMES aval € TIH WZHD
TN 7600° VN (7} 610 [j [FTX) 1O9ZMS ava| ¢ TIH WZHD
TDW 1600 VN =i} B10F TIZ500°0 799TMS avai| ¢ TIIH WZHD
TDW TE0G" VN 50 BL0 TI8¥10°0 TH9ZAS avai| ¢ TIIH WZHD
/OW €00 VN <0 G0 T|1800°0 TVITAS avai| ¢ TIIH WeHD
TOW ZE00° VN <0 311} T16300°0 IVYTMS ava| ¢ TIH WZHD
DN i VN VN K =[SE80 1O9ZMS NoHI[ € TUHWZHD
DN YN VN VN YN =IR20000 ZAITMS Niga1aial” € T1H WZHD
W VN VN VN VN {{SE0000°0 1HOZAS NEGREI IS TUH WZHD
TDOW VN VN VN VN =[10600Q TYITMS NEGRE o] D TIH WTHD
oW VN VN VN VN (|60000°0 1V9ZMS [NEGREI D TIIH WTHD
AIRA s3rend) anje A [ERELA | [Sunog
SN | OV-O0MY | HH-DOMY | 2mSNL | puncaiyang | palorg | padaag |qgiuonms RumIng ovid meQ

aassauua | ‘siydurapy todagg wonngunsyy asuajag

wetdvlq Supdweg uonednsaan] [urpaway
97 1§ 10) s Suuaa12g 0) pareduoy)

Ine gy wejang w spunodwoer) pajanag Jo Lieanung

V9T 3qEL




S MSQZ/ZREAE 1/AMINVS

91

3369

TOW N VN VN VN 1[S00 EIMS aDv JI0ZNIg € MV
TOW VN VN i N =[<10D BMS WNiave € MV
TOW VN VN ] £ =[CI00 LMS Wnrave £ AV
TOW VN VN 1 £ =[L100 9MS WNRIvy 3 AV
TOW VN VN ] £t =[C100 EMS WNTAVE 3 MV
TOW VN VN I £ =[90°0 cIMS WNIAVEH £ MV
TOW 6 B10000" 0" 8107 =[££0°0 BMS| DINASHY t MV
TOW 6l 810000° SO 810 =|1#0°0 M5 JINASHY 3 MV
TORW 6l 810000 =i} 810 =[3F0°0 IMS DINASUV 3 MV
TOR VN YN VN VN TiZ00Q SMS ANCIADV £ AV
1O VN ¥N VN VN T[Za0a LAS ANQLIOV £ AV
VoW VN VN VN YN flEo0a TS ANOLADV £ AV
TONW TN VN 3 v T[50r TO9ZMS PIAJOSSIE uIZ| ¢ T1IH WZHD
DN 1% - VN < v f[srro TO9ZMS POAOSSI SurzZ|” ¢ TIH WZHD
VoW 1y VN 3 6T 6610 TA9TMS ONIZ| € T1IH WZHD
VoW i VN 3 6T Tivz0 1392M5 ONIZ| £ TIIH WZHD
VoW i VN 3 6L T[z9r0 TO9TMS ONIZ| € TUH WZHD
TOW 1§ VN < 54 [§ %] 1D9TMS INIZ[ € T1IH WTHD
TOW I VN g 6T r[8590°0 TA9TMS ONIZ| & T1IH WTHD
TOW i VN g 6T r[LS800 Ta9ZMS INIZ| ¢ TIIH WZHD
TOW VN VN VN VN =[v6 ZA9ZMS NOEdVO JINVOd0 TvloL| € TIH WZHD
TOW YN VN VN VN =zl 1a9TMS NOZUVD JINVOA0 IVLOL| ¢ TUH WZHD
TOW VN VN VN VN =[5t ZTO9ZMS NOGGVJ JINVDE0 IvIOL| ¢t T1IH WZHD)
TOW VN WN VN VN =V 129TMS NOEdVD DINVDHO 1¥.10L| ¢ T1IH WZHD
TOW VN VN VN VN =[G Z997MS NCHUYD DINVDHO 1¥10L| ¢ TIIH WZHD
TOW VN VN VN VN =[v01 TH9TMS NOHUVD JINVOUO TY.LOL| € TIiH WZHD
TOW VN VN VN VN =[51 TVOTMS NOBAVI JINVOUO IV.LOL| € T1H WZHD
TIOW VN V¥N VN VN =[S el TVITMS NOHIVI JINVDHO IVIOL| ¢ T1IH WZHD,
TOW VN YN VN VN =[e09 ~ Ta9TMS SAIios d3aNIasns| ¢ TTH WZHD
TOW VN VN VN VN =[0811 TA9TAS SAMNOS A9aN3dsns| ¢ TIIH WTHD
TOR VN VN VN VN =0 TOOZMS SAros asaNadsns| ¢ TIH WTHD
/DR vN VN VN VN =6 TO9TMS SAI'0S Q4aN3dSNS| & “TiIH WZHD
1OW VN VN VN VN =[rl T89S SAros gadNadsns| ¢ T1H WZHD,
ELTETN sgungy | anjep PME] (323008
N | 0V-O0MV | HHDOMY |, WS NL | punoxdpeg | waforg | pawepag |quonmg Ayameey avid weq

sassauua }, 'siyduragy yodagg wannqunsyg asuajagq
wiZoaq Fufduteg uonedysasu] [erpauay
97 3§ J0J 51247 Sulwaanng o patedmoy
Jajmay ade)ang Ul spunoduio)) padaga(] Jo Aswumg
V-9 3QuL




S MSQZ/ZRTLE L AMINYS

“TEWI] FUILIODI 241 MO[Y 1L 1R BOUITIIP T} JADAE IN[EA PAIEUINSD SANL{pul - [
-uonamep paijifenbun suwappul - =
‘uosuedwoD 10} I[GU[IRAT JOU T SAnEA [2A9) TuILIAIDS SAWIIPUL - VN
"PEpRIND SEM 1EY] IN[TA [F42] BUIUIIIST PIILIDOSSE JU PUB NIEA [3AI[ SUUIAIS B PARIXY 1EY! SUDIDRAIIP SRITIPUI 1% pog
5661 15030y “TTIH WZHOD 'uid yiom Apmis Kupqusvagponodnsanuf jorpaumy
2142u35) A J0 g-¢ 2|qE ], W] A saneA (QV-20M V) 31 3nenby Jaiemysal, JO UOHIII0L] S Jo) IO TUNUD) A1End) JTTAY JIKGWY [RI3pI] 9
"6661 030y “TTIH WEHD * oid wop Sprus Aunqisoagpuoundussau] jmpewsy 2uaud) 4) 10 §-¢ 2|qeL wouy
are sanfea (HH-DOMY) 19124, pue swsiuedig Jo uonsa3u] 3y JOf YIfedH UBWNH 0 BONII0Ld S 10] vuIu) A1TNY) JAIRAY 1USIQUWY [RISPA] ¢
"S661 1SN30Y “TTIH WTHD ‘ UDld Y404 ApmS KipquneJuolivdisaau] jmpausy Mseuasy ) Jo g- 9|qe |, LOJJ 3Ie SIN[RA JIEIG WSS, ¢
"JUBWINo0P Swes ay) Jo Z-¢ A|qe L, W pauoda pue wir ), douea) Jyvdd 21 £q payipow se pue
2661 Amnuep “11H WTHD *whpuniowsgy tonuyazp woslos s Supdieng puna:8yoog jouty ay) Jo |-G 3[QR, WW0J] 2T san[ea punoedyseq ¢
‘paz&eun s1apawmred i) ([T )jou pUE MIS Yars oo paiaasp siapumed s Ajuo sapapaut Sunsip maummd sy), 7
0661 1Sn3ny TMUABONAUT muT * wodd)f [pur ] LI 10 uoiniusaauy jpipaway Ay pue
1661 "TTIH WZHD ‘NI ‘suyduapy 1odaq asuafoq 1of wnilosg Supduing vonndnssauf jmpawsy-1ioday ¢ 122104 1fbdeq AL Wo1J paUIBIGo 2w sanfea palsaxg |

EAON
TOW I VN 3 6C =[(t00 BAS ONIZ 3 AV
TOW 1§ VN T 34 =[Zt00 IS ONIZ T AV
DN g VN 5 6T =[1h00 9MS ONIZ £ AV
TOW T VN 5 74 =[390°C TS ONIZ 3 AV
TOW T VN 3 67 =[v500 TTMS ONIZ 3 AV
TOW CRE0" SO0 GrO0O0 VN T|cooo IS ANINV IANGHJIGOSOTLIN-N 3 AV
TOW 61 V00 Tl VN I[1000 TS HA90 1HD AN TARLAN £ AVl
TOW 61 700" S VN i[z600 IMS AAINOTHD INTTAHIEAN 3 A1
TOW 61 ZFO0" ST VN I[T60°0 TAS FATIOTHD ANTTAHLAW T AV
VoW 5010 §5000000° VN VN =[T7000°0 9MS 304 3 AV
TOW 710 VN T CL0 =[610°0 EMS 933400 E AV
TOW 70 VN ] SI0 =[<00 IMS 4400 t AV
TOW 70 VN ] S0 =[r70°0 5MS 0T € AV]
TOW 70 VN ] 50 =|[70°0 TS ATId00 i AV
TOW VN 100" 4] VN Tfcooo SMS[HLV IVILLAd CIAXAH TAHLA-OH 3 AV
TOW VN 100" <l VN T|Z000 LA S[ELV IVILLAd (TAXAH TAHLA 051 3 AV
TOW VN 8100° <l VN T[E000 TAS[HLV IVHLIA CIAXAH TAHLA-C)5H T AV
TOW VN 100" <l VN Tg00'0 CTAMS[ELVIVHIAG CIAXAHTAHLA-ON T AV

JECTETY ayend)|  smup Ppeg ,331008
amun | ovodMY | HEHODMYV | s NL | punaibpeg | wafaxg | pasang |qiuenmg Adeuming avid mRQ

aassauua I, ‘stydurafy yodaq uonngqinsi 35U
weadoa Sujduieg uonedpseau] [ZIPIWIY
97 2115 1a] £lasa] duuaarng o) paiedwo)
13e 44 3ap)ang m spuncdmoy) pajaajaq jo Ldcwmng
V9T 38l




SX°BSQZZRTEEL/IMINYS

a3

QL0 SS-eds ALY TYHLHd (CTAXHHTAHLI-Z)sY MV

309

DY/DN VN VN 8y’ [

ON/OW VN VN T3 (P90 6-€-GS ALY TYHLHA (TAXAHTAHLE-Z)sq MV
OM/DW VN VN (T3 rfgso 85-2-as HLVTVHLHL (TAXGHTAHLI- s 'S4l
ON/ONW VN VN 8% 1350 6-2-AS LV TVHIHd (TAX3HTAHLA-Z)s1q MV
OM/ONW VN VN T3 =[50 85-1-QS ALVIVHIHL (TAX3IHTAHLI-2)51q MV1
DI/OW ¥N VN 2 =[|ts0 6-1-Ads JLVTIVHLIHd (TAX3HTAHLI-T)Sq MV
DM/HOW VN YN VN (BIo SS-£-AS a0V JI0ZNId MVl
OMN/OW VN VN VN rlevo 6£-dS a1V DIOZNAG MV
ON/OW VN VN VN [{ G0 85-2-G8S AoV J10ZNAd I'SA)
ON/ON VN VN VN fleso 6-2-ds dIDV J10ZNadg MV
OA/ON VN ¥N VN flovo §S-1-as AIDV D10ZNAg MV
DMN/ONW VN VN VN [ 3] 6-1-dS dIDV DIOZN3Ag MV
OM/DONW YN VN €T flsz0 $$-£-as INIHLINVEON 1ID0ZNI AV
OM/DOW VN VN gl flzo 55-£-dS ANATAYAd Y DOZNAL MV
DN/ON VN VN - TT fIsco SS-£-as ANFHINVIONTHDOZNI 4 MV
ON/OW 3 £z 53 fleza SS-£-ds ANT Y AJ(BIOZNIG MV
OM/OW ¥4 or 67 rflgzo $S-€-ads ANIOVHHLNV(B)OZNA T ’'SA
OM/OW VN VN 811 =[L768 SS-¢-ds wArdve MV
D3/DW VN VN 811 =l66 6-€-ds WNve MV
OM/OW VN ¥N 811 =[zz) $S-z-ds WNRive MV
DM/OW VN VN CH =fon 6-2-AS . WNve MV
ONOW YN VN 811 =[oL SS-1-ds WNRIvY Xz
OM/ONW VN VN 811 =|¢"88 6-1-dS WNIvd MV
ON/DONW VN VN VN =[¢+0°0 §S-e-as INOLADV MV]
ON/ONW ¥N VN VN =[o€00 6-€-dS INOLADV MVl
ON/ON VN VN VN =[940°0 $$-7-as INOLIADY MV
NN WA VN ¥N =[iso0 6-2IS ANOLADY MVl
O/ONW VN VN VN =[1L00 SS-1-as ANOLADY AV
OM/ONW VN VN VN =[5L00 6-1-as ANOLIADY MV

noz—aP ._u_n_m—u—.-o dJNTA . . —uuh_.—ﬂm

SN |PAS-VVON |, P35-DUd puncadypug | 13afeag | parsmag |(qiuenms SRumeacy Lty |

aassauua I, 'sigdwepy jodaq aswajag
weidosg Juydues nepedpsaauy EpauIsy
97 311§ 10} 5|94 Suneans 0) pareduro)
yuawipag ui spunodwor) pajada(q Jo Aleunung
f1-92 3qu],




SK'GEOT/TRTLHE L/AMINVS

-

i D3/OW VN VN 1 1[1000 55205 ANOLEM TAHLY TAHLIN AV
DX/OW VN VN 0 f[E000 6108 ANOLTH TARLA TAHLAN AV

< DWOW 5 r v =[co0 A _ TR AVl

- OX/OW oT i y =[500 628 AANDAEN AV
DW/OW cr § v =[r00 §5-1-S AUND¥AN AV
DY/OW ST K v =[s00 6-1-G5 Kanouan AV
ON/ON VN VN Al 1o §SE-as ANTEAd(P ¢ ¢ DONIANT AV
DA/OW 5 RE 1L Tico SSE-as HNAHINVAOT AV
DXOW 7 03 TL fro Sscas INSHLNV IO 1 AV
DX/OW 5 8¢ TL 17260 §S-1-GS ANEALINVEON 1 AV
DN/OW g 13 TZ 11200 6105 INFHINVIOM AV
D/OW 20 A 00 =[ITo §5-€-as 3aa AV
DX/OW 00| 100’ 700" =[5t0°0 §s-as 3ad AV
DN/OW 00 VN 1000 =[Sv00 §stas aad AV
DW/ON Z00" VN 1900 =[z30°0 SS-1-aS ada AV
DA/OW 0L 87 85 =[¢1 §5¢-as AHId00 AV
OA/OW 0L 87 8g =91 6--ds Hadd00 MV]
DAON 0L % % =[s1 §sc-as EEEeR) MV
OM/ONW 0L 14 1Y =Lt 6-T-ds ¥dddOD) MV
OA/OW 0L 5 TS =[oz Ss-1-as AIII0D AV
DN/OW i % 55 =[ez 6-1-0S ¥3dd00 AV
DX/OW v %5 T T[co SS€-G5 ANASAGHD AV
5D 08 £t 0 a §s€-as WOINOHHD AV
DW/DW 08 it i =[6 G€-as WIINOUHD AV
DXWOW 08 £ 07 =[1 A ) MV
OX/OW 08 3 0z =[or 62-0S ANINOYHD AV
DA/OW 03 33 02 =[eT §5-108 RNINOTHD AV
DN/OW 03 0 0z =[ET 6-1-dS WNINOYHD AV
DN/OW g i & =ICo §S-1-as WIINAVD AV
iU [[P3S-VVON [,PS-Dud | puncaSipeq | 1aloag | porasrq |aruoneis Aoty wEd

2assauu I, *styduay) jodagg asuagaqg
weados g Surpduweg wonedysaauy jpipaway
97 MNNS 10] 5[24¥T Buuaaldg o) pascdwo))
JIWIPag Ul spunodure’) pajadaq] Jo Uewwng
4-9Z AqeL




25

9

8807 /ZHTAE L/dMINYS

3..

DM/OW 0zl 89 L6 =Ly 6--as ONIZ AV
DM/DW 0z! 89 L6L =[g v SS-1-aS ONIZ AV
DH/DW 0t 89 L6L =|8"Lv 6-1-0S ONIZ AV
DN/DW VN VN VN =[eve §S-¢-as SuGQUO0IPAH SHBLIOTY 16a[onuX[0d [€10L MV
OM/OW VN VN VN =[r'o §SZ-4S SUOQIEI0JPAH] JNEUIOTY Tea[onuA[0d [TI0L AV]
OM/OW VN VN VN =[pL00 $S-1-0S SUOQIUS0IPAE JHBWOTY Tes[onuA[od [MI0L MAV]
DM/DW VN VN VN =[1200 6-1-aS SUGGIRO0IPAH SNUWOTY TEa[onuA[og [S10L MV
DM/DW VN 6T 61T thyo $S-¢-QS ANFAAD AV
D3/DW 44 v 69 [§ EX0 SS¢-as ANTUHINVNEHd AV
D3/DW i VN 0f =[v1 §S-¢-aS TANDIN AV
OM/OW i3 VN 0f =[e1 6-¢-ds TIAHOIN MV
DM/OW OF VN 0f =[r1 §S-TAS TINOIN AV]
D3/OW 0t VN Of =[zi 61-as TDIDIN AV
DN/OW i3 VN 0f =[iT SS-1-4S TANDIN AV
DWDW 0F VN 0f =[v1 6-1-aS TIDIN AV
ON/OW VN VN VN i R 55-¢-dS ANTAVI1ANGHJIGOSOULIN-N MV
OM/OW VN VN VN f|ro 6-¢-ds ANTNV TANTHAIGOSONLIN-N MV
DM/DW VN VN VN [ AKS SS-7°dS ANINV1ANAHJIGOSONLIN-N MV
DN/OW VN VN VN 1[I0 S5-1-aS GNIWVIANTGHJIGOSOULIN-N AVl
DN/DW VN VN VN =[820°0 $S-AS JARI0THD SNT TARLAW MV
ON/OW VN VN VN =[zz00 6-¢-AS HARIOTHD ANTTAHIAW AV
ONIOW YN VN VN =[z200 §S-7-dS AANIQTHD ANTTAHLAN AV
DM/OW VN VN YN =|zzo0 6-2-aS ArdOTHD ANTTAHLAW MV
DM/ON VN VN VN =[zv00 S5-1-dS FATIOTHD ANTTAHLAN AV
ON/DW VN VN VN =[3E0°0 6-1-GS FANGOTHD ANTTAHIAW AV
s [(pas-vVON |, PPS-0ud | punordjang [ waloig [ parwarng [qruenmg AIPmRIG] neq

sassauma ] ‘siydurapy j0daqg asuagaq

wizxdoa Gurpdureg uonednsaauy [BIpawsy
§7 NG J0] 5]2A>T Futuadddg 0} pasedwo])
Juawiipag ur spunodure]y pajaaja(g jo Areunung

g-92 31qeL




SPUOSQZ/ZRTLEL/AMINVS

SHIGISDR S ONDTSIAUL [OIpSUWRY NP AY) JO 0]~ QBT WOLY 210 sanjea (YYON) uolENSIUIWpY dUSYdSQUNY PUE DIUBI() [EUOHEN ¢
dpris Kupqisna Jponp8lsaau] [mpaa)y 243ua0 Y JO O] -§ 2)qeL Waly am sanfea (DY) [e00) vonepasy ARuiuald JUaWIpIg ‘b
‘8661 Arenuer “TTIH WZHD ‘ wnpuniowapy 1oy ] wni8oiq Sunduvg pune28xyang joutd o1 JO [-¢ Qe Wy e sanjEA punoidyaeq ‘¢

‘pozd[ete s1aatnered ay) |[0 100 puT 3135 YIES UM pa1ajep uspwemed aip Ljuo sapn[oul Fups)) smowered sy -7
0661 1NNy ‘|RiusuIaiAug MU o3y JOuLd LW 10 4ONDSISIA] [DIpALRY ) WO PIVIEIQO 21T san[eA pa1dalx(g |

"PAP3RIND St JEY] IN|LA [9AI[ FUIUIADS PAUIIOSSE Y puk aN[EA [242] TuIusas B pIsaxa 1Y SUOTIDISP SIBSIPUI 1X) Picg

‘1| Juiedar ag) M0[2q 1nq WU UOTIIAIGP 9Y) IAOQE SN[UA PIIBUISE SNTIIPUT - [
) uanaziep payifenhbun sajealpu; - =
"uosedwon 10§ A[qe|IBAR 10U 208 S30{TA [949] Sulu22195 SAIRIIPUT - YN

"$661 108Ny “TTIH WZHD  uvid 404 Lpmig
"§661 15180y “TIIH WZHD ' 404 Y4044

BUINIOP JWES Y1 JO Z-¢ I[qe[, Ul pauodar pus wua ], dnueal) Dy 2y) £q payipow se pus

B3)0N
DN/OW 0zl 39 Z6L =[ar 5SS ONIZ AV
DW/DW 0zl 39 Z6L =[vSp 6t-as INIZ AV
ON/OW 071 89 L6L =l605 55-¢-ds INIZ AV
spuny | ,POS-VVON |, pos-Daid | puncadyprg | 1afosd | parssiaqg [qruonmg RETEINTITN) ueq

2as5auu |, ‘siydwayy joda(g asuajagg
weagaag Bundureg vopedysasu] |eipaway
g7 aug 10 53471 Bumaaag o) paaedwon)
juawrpag ur spanoduo) pajaana(] Jo Arcunung
4-92 21qul,







Parcel 4

Remedial [nvestigation Sites Sampling Program
for

Defense Distribution Depot Memphis, Tennessee

May 1998

Prepared for

U.S. Army Engineering and Support Center, Hunlsville

Prepared by
CH2M HILL
2567 Fairlane Drive

Montgomery, Alabama 36116

139282.RR.Z.2

28




Parcel 4 Report
Remedial Investigation Sampling Program
Defense Distribution Depot Memphis, Tennessee

Parcel 4 is a 432,120-square-foot (ftj) parcel in the southeastern/castern corner of the Main
Installation in Operable Unit {OU)-3. Parcel 4 consisls of Buildings 251, 252, 253, 254, 254, 257,
260, 261, 263, 265, 271, 271, and 273, Samples were collected al Remedial Tnvestigation (R} Sites
S8 and 39 in this parcel during the RESampling Program. Sampling activitics at these zites are
described beloww,

The RI Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of existing documents, interviews with facility personnel,
and knowledge of the facility’s operations. Rl sites at DDMT are those arcas that have been
known/suspected to have past releases as a result of facility operations. These sites have been
previously identified as requiring a Rl and have a confirmed presence of contamination. The
following two RI Sites are located in Parcel 4:

+ RISite 58: Pad 267 {Subparcel 4.9)
¢ RISite 59: Building 273

Additional sites identified with past potenlial releases to the environment from past aperations
are addressed in the Screening Sites Sampling Program. There are bwo screening sites located
within this parcel. General areas within the installation without any known industrial
operations involving hazardous chemicals were addressed in the Base Realignment and
Closure (BRAC) Sampling Program. Results of these two investigations are addressed in
scparate letter reports.

The purpose of the RI Sampling Program, which is part of the Remedial Investigation/
Feasibility Study (RI/TS), is to accomplish the following:

» Characlerize potenlial releases from the sites

s Agsess the nature and extent of soil and surface water contamination attributable ta past
operations

¢ Gather and evaluate data to determine the need for interim remedial actions for the sites
« Evaluate the risk to human health and the environment as part of the comprehensive Rl
» Assess the feasibility of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations and to recommend further actions at Rl sites in this

SANWPH179282/PARCEL4.DQC 1
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arcel. The remainder of this report presents the results of past investigations; RI Samplin
P pas 5 ping
Program strategy, procedures, and results; and recommendations for each site.

Surface soils, subsurface soils, and surface water were investigated as part of the Rl Sampling
Program. Surface soil samples (any sample whose lowest deplhiis 2 feet or less) were taken
both as independent samples and as the upper interval of a soil boring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
from that upper interval are presented in the surface soils tables and discussions in Section 3.0.

Site 58: Pad 267

1.0 Introduction

Table T presents the location and status information for this site.

TABLE 1
Parcel 4, Site 58 Infarmaiion
Remedial Investigation Sampling Program, Delense Distribution Depot Memphis, Tennessee

Parcel Building Number AVFS Site Number CERCLA’
ou Status
4 T-267 3 58 Ri

'CERCLA - Comprehensive Environmental Response, Compansation, and Liability Act

Pad 267 refers ta the area that was formerly the site of Building T-267, the Pesticide Shop. This
150-foot by 200-foot building was previously located north of current Building 274. The
building was demolished in 1987 and the area is now a paved parking lot.

Building T-267 was formerly used for storage and mixing of pesticides and herbicides that were
applied to the DDMT grounds by DDMT Entomology Division personnel. The dates af
operation of the shop are unknown but are estimated to have been from the 1940s until the
mid-1980s.

The Installation Assessment conducted during March 1981 documented that rinse water from
pesticide and herbicide spraying operations was dumped on the ground near the facility until
1980. The specific location where rinse water was dumped is unknown. After that time, the
rinse water was held for the mixing of later batches. Past pesticide and herbicide spray
operations at DDMT generally included 2,4-D on grassy areas, Monuron on railroad track areas,
pyrethrum in textile warehouses, Hy-Var-X in gravel areas, and phostoxin (aluminum
phosphide) for stack and transit fumigation (United States Army Toxic and Hazardous
Materials Agency, 1982). The site configuration, sample locations, and constituents exceeding
Risk-Based Criteria (RBC) are shown in Figure 1.

SANWP/138282/PARCELS.DOC 2
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2.0 Study Area Investigation

2.1 Previous Investigations

No previous soil samipling data exist for this site.

2.2 Rl Sampling Program

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred Lo surlace
sail from the past pesticide and herbicide storage/uses. For this sampling program, serface seil
samples were collected to assess the horizontal extent of the potential soil contamination from
past aclivitios at the site.

Because the exact location of the rinsewater dumping is unknown, surface soil samples were
taken at numerous locations surrounding the pad. At least one sample was analyzed for target
compound list/larget analyte list (TCL/TAL) constituents in accordance with the Operable Unit
3 Field Sampling Plann (CH2M HILL, 1995), Lo assess whether other unknown contamination is
present.

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratary analyses performed for surface
soil. RI Site 58 is located in Parcel 4 at DDMT. However, some of the surface sail samples
associated with RI Site 58 were located and collected in Parcel 5. A description of activities at RI
Site 58 is alse included in the Parcel 5 report.

2.2.2.1 Surface Soil Sampling Procedures

With the approval of Tennessce Department of Environment and Conservation (TDEC} and the
LS. Envirenmental Protection Agency (EPA), surface soil samples were collected from nine
locations (SS58A, 55588, 5558C, 55580, SS58E, SS58F, 5558, 5558H, and 55581) at this site
(shown in Figure 1). The followinyg details the sampling iocations:

+ Sample S558A was taken approximately 90 feet east of the gasoline storage lacation just 2
feet north of 1 Street.

« Sample 55588 was taken 12 feet west and 3 feet north of the northwest corner of Building
263

+ Sample 5558C was collected 12 feet west and 46 feet south of the southwest corner of the
building

» Sample 55581 was collected 68 feet soulh of Sample S558C.

s Sample SS58E was taken in the asphalt parking area just north of the northeast corner of
Building 274, 48 feet west of Sample 5558D.

SANMWP/302BPARCEL4,D0C 3
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*  Sample S358F was taken 82 feet west of Sample SS5SE.
«  Sample 5558G was taken 60 feet west of Somple S55SF,
»  Sample 8858H was collected 190 feet west ol Sample 5558C.

»  Sample 55581 was taken 75 feet west of the gasoline storage arca and one foot north of F
Streel, just cast of 2™ Street.

Five of the nine samples (85584, 55588, $538C, $S58H, and 55581) were located within Parcel 4;
the remaining four surface soil samples were collected in Parcel 5. All sample results for RI Site
58 are discussed in this parcel report.

Seven of the nine sampling locations were covered with asphalt (S558B, SSA8C, S5581), §SRSE,
SS58F, S858C, and SSS81H). Before sa mpling, 3 hole was bored throtgh the asphalt Hsing an
electric jackhammer. The surface soil samples were collected from the upper 12 inches of native
suil bencath the asphalt. Al the two locations not covered by asphalt, the samples wore
collected fram the zero- ta T-foot inerval.

The surface soil samples were collected using, o stainless-steel hand auger. Volatile Organic
compound (VOC) samples were collected from the first auger bucket befare compositing to
prevent volatilization. Part of the VOC sample was placed in a sealable plastic for head space
analysis with a phatoionization detector (PID). The results of lhe head space analyses were
used to select samples for analysis of the TCL/TAL paramelers and Level 3 constituents of
potential cancern (COPC} analysis. Even though VOCs were not a COPC for this site, VOC jars
were filled for each sample because one surface sample was required to be submiltted for
TCL/TAL analysis based on headspace results. The VOC jars were not submilted to the
laboratory for the samples not analyzed for the TCL/TAL.

The remaining soil from each sample was composited in a stainless-steel bowl and then
transterred into the appropriate sample jars. All saimpling tools were decontaminated before
each use according to the procedures specified in the Generic Quality Assurance Project Plan
(CH2ZM HILL, 1995) for the RI/FS currently being conducted at DDMT.

2.2.3 Analytical Procedures

All samples were submitted to CH2M HILL's Analytical Services in Montgomery, Alabama for
analysis. Faur surface soil samples (rom Parcel 4 were analyzed for pesticides and herbicides.
Orne surface soil sample, which had exhibited the highest field headspace resuit, was analyzed
for TCL/TAL paramelers. The samples were analyzed in accordance with the procedures
outlined in the Geiteric Quality Assurance Project Plann (CH2M HILL, 1995).

A data quality evaluation (DQE) was performed to assess the cffect of the overall analytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl}phthalate can be attributed to field sampling and laboratory
contamination rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate soil samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception to the qualifications
listed above, the DQE concluded that data can be used in the project decision-making pracess.

SANWP/J3282/PARCEL4.00C q
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3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Section 3.1.1 presents results of the Rl Sampling Program for R1 Site 58. Data are presented by
media for surface soil and compared with appropriate screening criteria in Tables 538-A and 58-
B. If a value from a sampling location exceeds one of the comparison criteria, that value and the
comparison criterion are shown in bold on the summary table.

CQPCs are parameters that exceed bath background values and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BRAC Cleanup Team

(BCT).

Dicldrin was the only COPC identified tor RI Site 58.

3.1.1 Surface Soil

There are no true surface soils at this site. All the samples collected are from soils underneath
asphalt covered areas. Thus, any detecled constituents are not a direct exposure concern at this
site. Surface soil sampling locations with values above the detection limits are shown in Tables
58-A and 58-B. The tables show all surface soil delections from Site 58; however, a column has
been added to the table indicating from which parcel the sample was collected. These tables
alsa conlain the comparison criteria for surface soil. If a value fram a sampling Iocation exceeds
one of the comparison criteria, that value and the comparison criterion are shown in bold.

3.1.1.1 BCT Screening Criteria

Table 58-A summarizes constituents for which BCT has selected screening, criteria. Based on the
comparison of detected chemicals with the criteria, there are no constituents thal exceed
background or screening criteria.

3.1.1.2 Other Screening Criteria

Table 58-B compares the remaining constituents with the soil ingestion screening criteria for
both residential and industrial expasure scenarios. Dieldrin is the only constituent that exceeds
background values and a screening criteria. Dieldrin was detected in the surface soil at Sample
SS381 at a concentration of 0.098] milligrams per kilogram (mg/kg) and slightly lower in a
duplicate sample, which exceeds both the background value and the residential KBC. However
dieldrin is below the industrial criterion of 0.36 mg/kg.

3.2 Vertical and Lateral Extent

Nine surface soil samples were collected around the former pesticide storage area. None of the
site-related pesticides were detected in the surface soils. Dieldrin was detected at two sample
locations in this site (3558A and SS58I) but at only one location that exceeded criteria. The
detected dieldrin levels are similar to those found across the installation.

SAN/WP/139282/PARCEL4.00C 3
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Dieldrin is a sitewide COPC and will be addressed in an upcoming sitewide risk evaluation.

There were no boring samples coltected at this site. However, there was probably no vertical
extent of cantamination because there were no COPCs detected in the surface soil, except for
the siteswide COPC dieldrin.

3.3 Potential Migration Pathways

Dieldrin exists al DDMT in surface and subsurface soils. Since this compound is only minutely
soluble in water, its most likely migration pathway at this site is via crosion as suspended soil
particles in the surface water where it potentially would be available to aquatic organisms.
Dieldrin in the subsurface soits should be relatively immobile and nat impact groundwalter
quality.

3.4 Additional Data Needs

Since the concentration of dieldrin is below an industiial coiterion, no further sampling is
recommended at this time. Further assessment of dieldrin in the surface soils under the
residential land use scenario is required and will be performed on a sitewide basis.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation (PRE) was performed in accordance with the Guidance o
Preliminary Risk Cvalvalions for the Purpose of Reacliing o Fiindinyg of Suitahility to Lease (FOSIL)
{LPA Region 1V, 1994). A discussion of the PRE methodology in provided as Appendix A to
this document.

4.2 Rl Site 58 Risk

A PRE was performed for Rl Site 58 (Subparcel 4.9), as reported in the Draft PRE {CH2M HILL,
1998). Because Lhere are no screening or BRAC sites within this subparcel, risks are based an the
RI data only. Carcinogenic and noncarcinogenic risks were calculated, and are presented in
Table 4-12 of the draft PRLE.

The carcinogenic risk ratio for an industrial worker is well below a risk level of one in a million.
The risk ratio for a resident from dieldrin, in one of the nine samples collected at this site, is a
risk level of four in a million.

There are no noncarcinogenic chemicals at this site.

Thus, there are no significant health concerns for this site under industrial land use conditions.
The only COPC is dieldrin; however, the cancentration is at 0.098] mg/ kg, which is well below
the identified critical concentration of 0.5 mg/kg. Therefore, no further action is recommended

SANWP/139282/PARCEL4.00C &
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. at this site under the industriat land use scenario. Further assessment is required under the

residential land use scenario and will be performed on a sitewide basis.

5.0 Summary and Recommendations

5.1 Summary

The only environmental concern at this site is dieldrin under the residential land use scenaria.

5.2 Recommendations

Further assessment of dieldrin in the surface soils under the residential land use scenario is
required and will be performed on a sitewide basis. No further sampling is expected at Rl Site

58
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Site 59: Building 273

1.0 Introduction

Talile 2 below presents the location and stalus information for this site.

TABLE 2
Parcel 4, Site 59 Information
Remedial Invesiigation Sampling Program, Delense Disiribution Depoi Memphis, Tennessee

Parcel Building Number RIFS OU  Sile Number CERCLA Status

d 7-273 3 59 Rl

Building T-273 is a 10-foot by 50-foot metal building located north of the DDMT golf course.
This building reportedly was used as a mixing area for golf course pesticide and herbicide
spray operations. Dates of these operations are unknown but are believed to have occurred
from the 1240s to the mid-1980s. The building has also been used to store mogas and fertilizers.
The site configuration, sample locations, and constituents exceeding RBC are shown in Figurc 2.

2.0 Study Area Investigation

These discussions include details of the sampling conducted by CH2M HILL for the RI
Sampling Program efforts. Historical data results are included in the following discussions as
well; however, sampling strategy and analysis included in the historical reparts are not
repeated here.

2.1 Previous Investigations

Two surface soil samples (8537 and S550) were collected at this sitc during the 1990 RI (Law
Environmental, 1990). The samples detected VOCs, polynuclear aromatic hydrocarbons
(PALs), and pesticides. The pesticide concentrations detected generatly indicate that either
minor spillage or disposal of pesticide rinse water may have occurred in this area.

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
s0il and subsurface soil. For this sampling program, surface soil and subsurface soil samples
were collected to assess the vertical and horizontal extent of soil conlamination from past
activities at the site.

Since the exact location of patential spillage was unknown, samples were taken around the
perimeter of the building. At least one sample for each media was analyzed for TCL/TAL

SAN/WP/130282/PARCEL4.DOC !
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canstituents in accordance with the Operable Lt 3 Field Sampiing Plann (CH2M L1, 1995) to
detect other unknown coantamination at the site,

2.2.2 Sampling Procedures

Sections 2.2.2.1 and 2.2.2.2 describe the sampling procedures and labaratory analvses
performed for surface sail and subsurface sail.

2.2.2.1 Surface Soil Sampling Procedures

With the approval of the TDEC and EPA, surface soil samples were collected from ten locations
{SB5YA, SB591, SS59C, 555912, SS59E, S559t, 5559C, 555911, 55591, and S859)) at this site (shown
in Figure 2). The samples were collected around the perimeter of Building T-273. Surface suil
samples associated with barings are discussed in Section 2.2.2.2. The following details the
sample locations:

o Sample SS59C was taken 2 feet west and 4 feet south of the southwest corner of the golf
course supply shec.

«  Sample §859D was collected § teet south and 6 feet wesl of the southeast corner of the golf
caurse supply shed.

+ Sample S5559E was taken 8 feet north of K Street, just & feet east of the golf course supply
shed.

» Sample SS59F was taken 1 foot cast and one foot south of the northeast corner of the supply
shed.

s Sample 559G was collected 4 feet north and 7 feet west of the northeast corner of the shed.
o Sample SS59H was taken 4 feet narth of the northwest corner of the shed
o Sample 55591 was collected 4 feet south and 4 feet west of the northwest corner of the shed.

«  Sample 5559] was taken 4 feet west and 15 fect north of the nortliwest corner of Building T-
273.

Seven of the ten sampling locations were covered with asphalt (SB59A, SS59C, S55913, SS59G,
SS59H, §S591, and §§59)). Before sampling, a hole was bored through the asphalt using a care
drill. The surface soil samples were collected trom the upper 12 inches af native soil beneath the
asphalt. At Ihe two locations not covered by asphalt, the samples were collected from the zero-
to 1-foot interval.

One optional soil sample was collected at RI Site 59 {Sample 5§559]). This sample was collected
to delineate the potential VOC contamination detected by field screening near the northwestern
corner of Building T-273.

The surface soil samples were collected using a stainless-steel hand auger. VOC samples were
collected from the first auger bucket before compositing to prevent volaltilization. Part of the
VOC sample was placed in a sealable plastic bag lor head space analysis with a PID. Results of
the head space analyses were used to select samples for analysis of the TCL/TAL parameters
and Level 3 COPC analysis. Even though VOCs were not a COPC for this site, VOC jars were

SANWP/139292PARCEL4.DOC 9
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filled for each sample because one surface sample was required to be submitted for TCL/TAL
analysis based on headspace results. The VOC jars were not submitted to the laboratory for the
samples not analyzed for the TCL/TAL.

The remaining soil from each sample was composited in a stainless-steel bow! and then
Iransferred into the appropriate sample jars. All sampling tools were decontaminated before
each use according ta the pracedures specified in the Generic Quality Assuraice Project Plan
{(CH2M HILL, 1995) for the RI/FS currently being conducted at DIMT.

2.2.2.2 Subsurface Soil Sampling Procedures

With the approval of the TDEC and EPA, subsurface soil samples were taken from twvo
locations (SB59A and SB59B) at this site {showvn in Figure 2). The horings were located adjacent
to Building T-273. Subsurface samples were collected from the boring at o depths: 3 to 5 fout
and § to 10 feel. The following details the sample locations:

*  Sample SBSYA was taken 24 feet south and 3 feet west of the narthwest corner of the golf
course supply shed.

¢ Sampie SB59B was taken 18 feet north and 3 feet cast of the southeast corner of the valf
course supply shed.

The samples were collected using a 2-inch-diameter, stainless-steel, core-barrel sampler. The
entire length of each soil core was screened wilh a PID for organic vapors before sample
collection 50 that sampling intervals could be biased toward any contaminalion detected by the
field screening. Part of each sample was placed in a sealable plastic bag for head space analysis
with a PID. Results of the head space analyses were used to sclect samples for Level 3 COPC
analysis. The remaining soil from each sample was composited in a stainless-steel bowl and
then transferred into the appropriate sample jars. All sampling tools were decontaminated
befare cach use according to the procedures outlined in the Generic Quality Assurance Pr yect
Plan (CH2M HILL, 1995) for the RI/FS currently being conducted at DDMT,

2.3 Analytical Procedures

The samples were submitted to CH2M HILL's Analytical Services in Montgomery, Alabama for
analysis. Eight surface soil samples and four subsurface samples were analyzed f{or peslicides,
herbicides, and PAHSs. One surface soil sample, which had exhibited the highest field head
space result, was analyzed for TCL/TAL parameters. The one optional surface soil sample was
analyzed for VOCs, pesticides, herbicides, and PAHs. One subsurface soil sample from the 8- to
10-foot inlerval was analyzed for grain size, Atterburg limits, moisture content, pH, alkalinity,
cation exchange capacity, and total organic carbon. The samples were analyzed in accordance
with the procedures in the Generic Quality Assurance Project Plan (CH2M HILL, 1995).

United States Army Corps of Engincers’ (COE) split samples were collected from Samples
SS59H and §559]. Sample SS59H was sent to the COE's Atlanta, Georgia laboratory for analysis
of TCL/TAL parameters. Sample 5559] was sent to the same laboratory for analysis of VOCs,
pesticides, herbicides, and metals.

SANMWP/{30282/PARCEL4.00C 10
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A DQE was performed to assess the effect of the overall analytical pracess on the usability of
the data. The DQE eslablished that the detection of acetone, 2-butanone, and his(2-
cthylhexyl)phthalate can be attributed to field sampling and laboratory contamination rather
than environmental conditions at the site. Also, poar duplicate precision for melals in the
duplicate soil samples should be attributed ta peor sample hamogeneity as well as to
potentially paar sampling and analysis precision. With exception to the qualifications listed
above, the DQE concluded thal data can be used in the project decision-making process.

3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Sections 3.1.1 and 3.1.2 present results of the RI Sampling Program for Ri Site 59. Data are
presented by media for surface soil and subsurface soils and campared with appropriate
sereening criteria in Tables 59-A, 59-B, and 59-C. Dala from the 1997 CH2M HILL investigation
are presented along with historical data from the Remediol Ineestigations at DDMT, Final Reyport
(Law Environmental, 1990). If a value fram a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background values and the screening crileria. Where
concentrations exceed the selected background value, the concentration is compared with the
abserved range of background values as reviewed and established by the BCT.

Organo-chlorine pesticides from historical use, dichlorodiphenyltrichloroethane
{DDT)/dichlorodiphenyldichloroethene (DDE), dieldrin, heptachlor, low levels of PAHs, and
arsenic were identified as COPCs, if the soils are ta become surface soil at RI Site 59. There are
no COPCxs in subsurface soils at Lhis site.

3.1.1 Surface Soil

Results of the surface soil analyses with values above delection limits are shown in Tables 59-A
and 59-8.

3.1.1.1 BCT Screening Criteria

Table 59-A summarizes constituents for which the BCT has selected a screening criteria. In two
samples (SB59B and 5552[) benzo(a)pyrene was detected at concentrations that exceed the BCT
value of 0.088 mg/kg, but do nat exceed the background valuc of (1.96 mg /kg. No other
detections above background or screening values were noted. However, in the historical data
from the 1990 RI (Law Environmental, 1990}, arsenic was detected in Sample 5537 {42 mg /kg)
at concentralions exceeding the BCT value of 20 mg/kg, and benzo(b)fluoranthene was
detected in Sample 5550 (1.1} mg/kg) at concentrations exceeding both the background and
BCT values.

3.1.1.2 Other Screening Criteria

Table 59-B compares the remaining constituents with the soil ingestion screening criteria for
both residential and industrial exposure scenarios. Dieldrin is the only constituent that exceeds

SANWPN J92B2/PARCELY.DOC ’ "
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background values and a screening criteria. Dieldrin sas detected in the surface sail al Sample
SB53B at a concentration of 0.13 mg/ky, which exceeds both the background value and the
restdential RBC for soil ingestion. At Sample SS59E, dicldrin was detected at 0.58 mg /Ky, which
exceeds bath background values and the residential and industrial RBC for soil ingestion.
Dicldrin also exceeded background values and the residential and industrial RBC for sail
ingestion in two historical samples (Sample SS37 at 1.4 myg /ky and 5550 at 3.8 my/kg) from the
1990 RI (Lasy Envirommental, 1990).

Elevated levels of some constituents were detected in the surface sail in the historical data
collected during the 1990 RI (Law Environmental, 1990). For example, at Sample 5537, DDT was
detecled at 4 my/kg, exceeding both the backgraund and residential RBC values. At Sample
SS50, RDDE (4.3 mg /ke), DDT (3] my/ky), heptachlor (1.1 mg/kg), and heptachlor epoxide ((1.34
my ke) were delected at cancentrations exceeding background values and residential RBC
values for soil ingestion for these parameters,

3.1.2 Subsurface Soil

Table 539-C summarizes afl subsurface sail sa mples with values above detection Kmits. No
detections were found in the subsurface soil samples taken as part of the RI Sampling Program.

3.2 Vertical and Lateral Extent

There are no exposed soils at this site. Collected samples were drilled through asphalt. Dieldrin
was not detected in the subsurface soils, but was found in three surface soils taken in 1997, and
in two hustorical surface soil samples. Dieldrin was a COPC in two of the three recent samples,

which exceeded residential and industrial risk ratios.

Dicldrin is a sitewide COPC and will be addressed in an upcoming sitewide risk evaluation,

There were two barings taken at this site: one cast of Building 273 and the other west of the
building. There were no detections in the subsurface soil samples and there appears 1o be no
vertical extent of contamination at the site.

3.3 Potential Migration Pathways

Sails are covered with asphalt, thus limiting potential for migration. Following text provides
some generic properties of the observed COPCs.

Dicldrin exisls at DDMT in surface and subsurface soils. Since this compound is only minutely
soluble in water, its most likely migralion pathway at this site is via crosion as suspended soil
particles in the surface water where it potentially would be available to aquatic organisms.
Dieldrin in the subsurface soils should be relatively immaobile and not impact groundwater
quality.

SANMWP/139282/PARCEL4.DOC 12
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3.4 Additional Data Needs

Further risk assessment is necessary for the residential land and industrial use scenario for
dieldrin and will be performed on a sitewide basis since dieldrin is detected throughaut the
DDMT Main Installation.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The PRE was performed in accordance with the Guidance mr Prelivinary Risk Evaluetions for the
Purpase of Reaching a Finding of Suitability fo Leasc (FOSL) (EPA Region 1V, 1994). A discussion of
the PRE methodology in provided as A ppendix A to this document.

4.2 RI Site 59 Risk

A PRE was performed for RI Sile 59 (Subparcel 4.10) as reported in the Draft PRE (CH2M HILL,
1998). Because there are no screening or BRAC sites within this subparcel, risks are based on the
RI data only. Carcinogenic and noncarcinogenic risks were calculated, and the results arc
shown in Table 4-13 of the Draft PRE.

The carcinogenic risk ratio for an industrial worker is a risk level of anc in a million. The risk
ratio for a resident from dieldrin, in two of the samples collected at this site, is a risk level of 19
in a million.

There are no nonca rcinogenic chemicals at this site.

Thus, the COPC at this site is dieldrin (based on the RI data only). No other carcinogenic or
noncarcinogenic ratios are exceeded. Further risk assessment is necessary for the residential
tand use, but no further action is necessary under the industrial land use scenario.

5.0 Summary and Recommendations

5.1 Summary

Soil samples were collected from underneath asphalt paved areas. Dieldrin in the surface soils
is a concern for the residential and industrial land use scenario. No parameters were detected in
the subsurface soil samples taken,

Elevated levels of some constituents were detected in the surface soil in the data collected
during the 1990 RI. These include arsenic, DDE, DDT, dieldrin, heptachlor, heptachlor epoxide,
and benzo(b)fluoranthene.

SANWP/139282/PARCEL4.00C 13
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. 5.2 Recommendations

Naoadditional sampling is required, as the available data are adequate to define the nature and
cxtent of contamination. Further assessment of dieldrin in the surface soils under the resicdential
land use scenario is required and will be perfarmed on a sitewide basis
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Acronyms

BCT
BRAC
CERCLA

COE
Corc
DDE
DDMT
DT
PDOE
EPA
FOSL
ft’

FS
mg/ kg
Ou
PAH
PID
PRE
RBC

RI
TCL/TAL
TDEC
vOC

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response, Compensation, and Liability
Act of 1980

United States Army Corps of Engincers
constituent of potential concern
dichlorodiphenyl dichloraethene

Defense Distribution Depot Memphis, Tennessee
dichlorodiphenvltrichlorocthane

Data Quality Evaluation

United States Environmental Proteclion Agency
Finding of Suitability to Lease

square feet

feasibility study

milligrams per kilogram

QOperable Unit

polynuclear aromatic hydrocarbons
photoionization detector

Preliminary Risk Evaluation

risk-based criteria

Remedial Investigation/Feasibility Study

target compound list/ target analyte list
Tennessee Department of Environment and Conservalion
volatile organic compound
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Parcel 5 Report

Remedial Investigation Sampling Program

Defense Distribution Depot Memphis, Tennessee

Parcel 5 is a 87,170-square-foot (ft’) parcel in the southeastern part of the Main Installation in
Operable Unit (OU)-3. Parcel 5 consists of Buildings 272 and 274. Samples were collected at
Remedial Investigation (Rl} Sites 48 and 58 in this parcel during the RI Sampling Program.
Sampling activities at these sites are described below.

The RI Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of exis ting documents, interviews with facility personnel,
and knowledge of the facility’s operations. Rl sites at DDMT are those areas that have been
known or suspected to have past releases as a result of facility operations. These sites have been
previously identified as requiring a Rl and have a confirmed presence of contaminants. The
following RI Site is located in Parcel 5:

* RISite 48: Former PCB Transformer Storage Area (Subparcel 5.2)

Note that the two samples from RI Site 58 (located in Parcel 4) were actually collected from
Parcel 5. However, all sampling results for RI Site 58 are discussed in the Parcel 4 RI Report.

Additional sites identified with past releases to the environment from past operations are
addressed in the Sereening Sites Sampling Program. General areas within the installation
without any known industrial operations involving hazardous chemicals were addressed in the
Base Realignment and Closure (BRAC) Sampling Program. Results of these programs are
addressed in separate letter reports.

The purpose of the RI Sampling Program, which is part of the Remedial
Investigation/Feasibility Study (RI/FS), is to accomplish the following;

+ Characterize releases from the sites

* Assess the nature and extent of soil and surface water contamination attributable to past
operations

* Gather and evaluate data to determine the need for interim remedial actions for the sites
* Evaluate the risk to human health and the environment as part of the comprehensive RI
* Assess the feasibility of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations and to recommend further actions at Rl sites in this
parcel. The remainder of this report presents the results of past investigations; RI Sampling
Program strategy, procedures, and results; and recommendations for each site.

SANWPN382B2/PARCELS ' 1
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REMEDIAL INVESTIGATION SAMPLING PROGARAM
DEFENSE DISTRIBUTION DEPOT MEMPHIS, TENNESSEE

Surface soils, subsurface soils, and surface water were investigated as part of the RI Sampling
Program. Surface soil samples (any sample whose lowest depth is 2 feet or less) were taken
both as independent samples and as the upper interval of a soil boring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
fram that upper interval are presented in the surface soils tables and discussions in Section 3.0.

Site 48: Former PCB Transformer Storage Area

1.0 Introduction

Table 1 presents the location and status information for this site.

TABLE 1
Parcel 5, Site 48 Infarmation
Remedial investigation Sempling Program, Defense Distribution Depot Memphis, Tennessee

Parce! Building Number -  RUFS OU  Site Number CERCLA' Status

5 274 3 48 Ri

'CERCLA — Comprehensive Environmental Response, Compensalion, and Liability Act of 1980

Site 48 was the former storage location of at least two electrical transformers. The transformers
were discovered during the Installation Assessment conducted in March 1981. Tests of the fluid
from the transformers indicated less than 50 parts per million (ppm) of polychlorinated
biphenyls (PCBs). Building 274 (“]” Street Cafeteria), which was constructed in 1989 after
transformer storage had ceased and measures 13,500 square feet, is now located at this site. The
site configuration, sample locations, and constituents exceeding Risk-Based Criteria (RBC) are
shown in Figure 1.

2.0 Study Area Investigation

These discussions include details of the sampling conducted by CH2M HILL for the RI
Sampling Program efforts. Historical data results are included in the following discussions as
well; however, sampling strategy and analysis included in the historical reports are not
repeated here.

2.1 Previous Investigations

Two surface soil samples (5530 and SS31) were collected at this site during the 1930 RI (Law
Environmental, 1990). These samples detected polynuclear aromatic hydrocarbons (PAHs) and
pesticides, but no PCBs.

SAN/WR/139282/PARCELS ) 2
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2.2 Rl Sampling Program

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
soil at RI Site 48. For this sampling program, surface soil samples were collected to assess the
horizontal extent of the potential soil contamination from past activities at the site.

Because the exact location of potential contamination was unknown, the samples were spaced
evenly around the building in the grassy area directly outside the building. One sample was
analyzed for target compound list/target analyte list (TCL/TAL) constituents in accordance
with the Operable Unit 3 Field Sampling Plan (CH2M HILL, 1995) to detect any unknown
contamination at the site. The following sections detail the sampling procedures and laboratory
analyses performed for surface soil.

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for surface
sail.

2.2.2.1 Surface Soil Sampling Procedures

With the approval of the Tennessee Department of Environment and Conservation (TDEC) and
the United States Environmental Protection Agency (EPA), surface soil samples were collected
from five locations (SS48A, 5548B, 5548C, SS48D, and SS48E) at this site (shown in Figure 1). All
samples, collected around the perimeter of Building 274, were collected from the interval of
zero to 1 foot. The following details the sampling locations:

* Sample SS48A was taken 24 feet south of the center of the south side of Building 274.

¢ Sample SS48B was taken 7 feet east of the east side of Building 274 and 5 feet south of the
sidewalk extending from the east side of the building.

* Sample S548C was taken 6 feet north and 5 fect east of the northeast corner of Building 274,
* Sample S548D was taken 5 feet west of the northwest corner of Building 274.

* Sample SS48E was collected 35 feet north of the southwest corner of Building 274 and 6 feet
west of the west side of Building 274.

The surface soil samples were collected using a stainless-steel hand auger. Volatile arganic
compound (VOC) samples were collected from the first auger bucket before compositing to
prevent volatilization. Part of the VOC sample was placed in a sealable plastic bag for head
space analysis with a photoionization detector (PID). The results of the head space analysis
were used to select samples for analysis of the TCL/TAL parameters and Level 3 constituents
of potential concern (COPC) analysis. The remaining soil from each sample was composited in
a stainless-steel bowl and then transferred into the appropriate sample jars. All sampling tools
were decontaminated before each use according to the procedures specified in the Generic
Quality Assurance Project Plan (CH2M HILL, 1995) for the RI/FS currently being conducted at
the DDMT. )

SAN/WP/133282/PARCELS ’ 3
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2.2.3 Analytical Procedures

All samples were submitted to CH2M HILL's Analytical Services in Montgomery, Alabama far
analysis. Four surface soil samples were analyzed for VOCs, pesticides, and PCBs. One surface
soil sample, which had exhibited the highest field head space result, was analyzed for
TCL/TAL parameters. The samples were analyzed in accordance with the procedures outlined
in the Generic Quality Assurance Praject Plan (CH2M HILL, 1995).

A United States Army Corps of Engineers (COE) split-sample was collected from SS48A. This
surface soil sample was sent to the COE’s Atlanta, Georgia laboratory for analysis of the
TCL/TAL parameters. TDEC also collected a split-sample from $348A for TCL/TAL analysis at
TDEC’s laboratary.

A data quality evaluation (DQE) was performed to assess the effect of the overall analytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl)phthalate can be attributed to field sampling and laboratory
contamination rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate soil samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception to the qualifications
listed above, the DQE concluded that data can be used in the project decision-makin g process.

3.0 Interpretation of Sampling Results

3.1 Presentation of Results

This section presents results of the RI Sampling Program for Site 48. Data are presented for
surface soils and compared with appropriate screening criteria in Tables 48-A and 48-B. Data
from the 1997 CH2M HILL investigation are presented alang with historical data from the
Remedial Investigations at DDMT, Final Report (Law Environmental, 1990). If a value from a
sampling location exceeds one of the comparison criteria, that value and the comparison
criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background values and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BRAC Cleanup Team
(BCT).

COPCs identified for RI Site 48 include PCB-1260 and dieldrin in surface soils.

3.1.1 Surface Soil

Surface s0il sampling locations with values above the detection limits are shown in Tables 48-A
and 48-B. The tables show all surface soil detections fram RI Site 48 and contain the comparison
criteria for surface soil. If a value from a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold.

SANWP/129282/PARCELS : 4
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3.1.1.1 BCT Screening Criteria

Table 48-A summarizes constituents for which the BCT has selected a screening criteria. One
constituent, PCB-1260, exceeds both the background value of 0.11 milligrams per kilogram
(mg/kg) and the BCT value of 0.083 mg/kg. Exceedances occurred in three of the five samples
(5548B, 5548C, and 5548E) and ranged from 0.18 mg/kg to 1.4 mg /kg.

Benzo(a)pyrene at 5530, a data point from the 1991 RI (Law Environmental, 1990), exceeded the
BCT value but not the background value. ‘

3.1.1.2 Other Screening Criteria

Table 48-B compares the remaining constituents with the soil ingestion screening criteria for
both residential and industrial exposure scenarios. Dieldrin is the only constituent that exceeds
background values and a screening criteria. Dieldrin was detected in the surface soil at Sample
5548A at a concentration of 0.11 mg/kg, exceeding both background and the residential RBC
value; however, it is below an industrial RBC value.

3.2 Vertical and Lateral Extent

Seven surface soil samples were collected from the surface soil. The COPCs detected in the
surface soil were dieldrin and PCB-1260. Dieldrin was detected at concentrations similar to
those found elsewhere at DDMT.

PCB-1260 was detected in all five surface soil samples taken at this site; however, ondy three of
the five samples (5548B, 5S48C, and SS48E) exceeded background and BCT values. The elevated
PCB concentrations detected in the three samples are east of Building 274. RI Site 58 samples
taken east of these samples did not detect PCB compounds. The Screening Site 69 samples
taken south of these samples did not detect PCB compounds. Additional samples are needed to
determine the extent of PCB contamination narth of the area. Nonetheless, the lateral extent of
contamination in this area is limited to the strips of grass surrounding the building and parking
lot.

Dieldrin was detected in three of the five samples, but only exceeded background and BCT
values in one sample (5548A). Dieldrin is a sitewide COPC and will be addressed in an
upcoming sitewide risk evaluation.

No subsurface soil samples have been taken at this site. PCB compounds and dieldrin have a
very low solubility and are not expected at depth. These compounds have not been observed in
borehole samples in other locations at the site. Therefore, additional vertical sampling is not
necessary at RI Site 48.

3.3 Potential Migration Pathways

The following paragraphs provide a general discussion of the potential migration pathways for
the constituents found at R1 Site 48.

Dieldrin exists at DDMT in surface and subsurface soils. Since this compound is only minutely
soluble in water, its most likely migration pathway at this site is via erosion as suspended soil ’

SANWPN332B2/PARCELS : 5
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. particles in the surface water where it potentially would be available to aquatic organisms.
Dieldrin in the subsurface soils should be relatively immobile and not impact groundwater

quality.

PCBs, as a group, are relatively insoluble in water; therefore, they tend to migrate primarily
through physical transport such as erosion via surface water. At DDMT, PCB-1260 has been
detected at concentrations of concem in surface soils. This malerial is subject to migration either
via wind action or surface water transport, and the PCB would be present as an absorbed
chemical on the clay platelets that compose the soil. This material could potentially be ingested
either by breathing contaminated dust or by aqueous organisms exposed to turbid water or
botton feeding of contaminated sediment.

3.4 Additional Data Needs

Building 274 is currently scheduled to be leased for private-sectar uses. This site has been
identified by the BCT as an early removal site due to the presence of PCBs and the intent to
transfer the site. Exposed soil surrounding Building 274 will be sampled and removed if the
PCB concentrations in surface soil exceed the risk-based criteria for industrial land use. Samples
of surface soil remaining in-place or brought in as fill material will be obtained. No subsurface
sail sampling is proposed as part of the RI.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation (PRE) was performed in accordance with the Guidance on
Preliminary Risk Evaluations for the Purpose of Reaching a Finding of Suitability to Lease (FOSL)
(EPA Region IV, 1994). A discussion of the PRE methodology in provided as Appendix A to
this document.

4.2 Rl Site 48 Risk

A PRE was performed for RI Site 48 (Subparcel 5.2) as reported in the draft PRE (CH2M HILL,
1998). Because there are no screening or BRAC sites within this subparcel, risks are based on the
RI data only. Carcinogenic and noncarcinogenic risks were calculated and are presented in
Table 4-15 of the draft PRE. The carcinogenic risk ratic for an industrial worker is well below a
risk level of 1 in a million. A residential exposure-based risk ratio was 15 in a million. The risks
are due to the presence of PCB-1260 in three of the samples and dieldrin in one sample from the
site.

There are no noncarcinogenic ratios exceeding a value of 1.0 for either a residential or an
industrial scenario.

SAN/WP/30282IPARCELS




3 -~ 9 9 (1 PARCEL 5
v REMEDIAL INVESTIGATIN SAMPLING PROGRAM
DEFENSE DISTRIBUTION DEPOT MEMPHIS, TENKESSEE

5.0 Summary and Recommendations

5.1 Summary

PCB-1260 and dieldrin were detected in three samples and one sa mple, respectively, at values
that exceed the background and screening criteria. A surface soil removal action is currently
being implemented at this site. Additional soil characterizatiori will be performed during this
remedial action.

5.2 Recommendations

A surface soil removal action is being implemented at this site. The chemical composition of
soil that is left in place or brought in as fill should be characterized, a risk assessment should be
performed on the remediated site, and the results should be documented in the Main
Installation RI Report.

SAN/WP/139282/PARCELS ' ?




PARCEL 5
REMEDWL INVESTIGATION SAMPLING PROGRAM
DEFENSE DISTRIBUTION DEPOT MEMPHIS, TENNESSEE

369 3D

Acronyms

BCT
BRAC
CERCLA

COE
COPC
DDMT
DQE
EPA
FOSL
FS

ft
mg/kg
Ou
PAH
PCB
PFID
ppm
PRE
RBC

RI
TCL/TAL
TDEC
vOC

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response, Compensation, and Liability Act
of 1980

United States Army Corps of Engineers
constituent of potential concemn

Defense Distribution Depot Memphis, Tennessee
Data Quality Evaluation

United States Environmental Protection Agency
Finding of Suitability to Lease

Feasibility Study

Square feet

milligrams per kilogram

Operable Unit

polynuclear aromatic hydrocarbons
polychlorinated biphenyl

photoionization detector

parts per million

Preliminary Risk Evaluation

risk-based criteria

Remedial Investigation/Feasibility Study

targel compound list/ target analyte list
Tennessee Department of Environment and Canservation
Volatile organic compound
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Parcel 12 Report
Remedial Investigation Sampling Program
Defense Distribution Depot Memphis, Tennessee

Parcel 12 is a 193,644-square-foot (ft') parcel in the north-central portion of the Main Installation
in Operable Unit (OU)-4. Parcel 12 consists of Building 629 and the associated railroad tracks.
Samples were collected at Remedial Investigation (RI) Site 57 in this parcel during the RI
Sampling Program. Sampling activities and results at this site are discussed below.

The RI Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of existing documents, interviews with facility personnel,
and knowledge of the facility’s operations. RI sites at DDMT are identified as those areas that
have been known or suspected to have past releases as a result of facility operations. These sites
have been previously identified as requiring a Rl and have a confirmed presence of
contaminants. The following RI Site is located in Parcel 12:

« RISite 57: Building 629

Additional sites identified with past potential releases to the environment from past operations
are addressed in the Screening Sites Sampling Program. General areas within the installation
without any known industrial operations involving hazardous chemicals were addressed in the
Base Realignment and Closure (BRAC) Sampling Program. Results of these two programs are
addressed in separate letter reports.

The purpose of the RI Sampling Program, which is part of the Remedial Investigation
/ Feasibility Study (RI/FS)}, is to accomplish the following:

¢ Characterize potential releases from the sites

¢ Assess the nature and extent of soil and surface water contamination attributable to past
operations

s Gather and evaluate data to determine the need for interim remedial actions for the sites
» Evaluate the risk to human health and the environment as part of the comprehensive RI
*  Assess the feasibility of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations and to recommend further actions at RI sites in this
parcel. The remainder of this report presents the results of past investigations; RI Sampling
Program strategy, procedures, and results; and recommendations for each site.

Surface soils, subsurface soils, and surface water were investigated as part of the RI Sampling
Program. Surface soil samples (any sample whose lowest depth is 2 feet or less) were taken

SANMWPNIZ2B2PARCEL12.00C 1
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both as independent samples and as the upper interval of a soil boring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
from that upper interval are presented in the surface soils tables and discussed in Section 3.1.1.

Site 57: Building 629

1.0 Introduction

Table 1 presents the location and status informatian for this site.

TABLE 1
Parcel 12, Site 57 Inkermation
Remedial investigation Sampling Program, Defense Distribution Depo! Memphis, Tennessee

Parcel Building Number RYFS OU  Site Number CERCLA' Status

12 B29 4 57 Rl

'CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1880

Building 629 is the former hazardous materials storage building that had been used to store
dichlorodiphenyltrichloroethane (DDT), herbicides, solvents, oxidizers, and other toxic and
corrosive materials. Past relcases may have occurred in this area, including a documented spill
of an unknown amount of hydrofluoric acid {oxidizer). The site configuration, sample locations,
and constituents exceeding Risk-Based Criteria (RBC) are shown in Figure 1.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the RI Sampling
Program efforts. The historical data results are included in the following discussions; however
sampling strategy and analysis included in the historical reports are not repeated here.

2.1 Previous Investigations

Four surface sail samples {SS10, 5511, 5542 and 5543) were collected at this site during the 1990
RI (Law Environmental, 1990) in areas where spills may have occurred. Polynuclear aromatic
hydrocarbons (FAHs), pesticides, volatile organic compounds (VOCs), semivolatile organic
compounds (SVOCs), and metals were detected in these samples.

SANWPN3B282/PARCEL 12.00C 2
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2.2 Rl Sampling Program

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
and subsurface soil at RI Site 57. For this sampling program, subsurface soil samples were
collected to assess potential contaminant concentrations in the shallow subsurface soil at the
site.

Most of Parcel 12 is occupied by Building 629, reducing the exposed soil to a thin strip of
maintained gravel-covered area on the north, west, and east sides of the building. The south
side of Building 629 is adjacent to railroad tracks. The sampling locations at RI Site 57 surround
Building 629. The sampling locations at Site 57 were cvaluated and selected based on the
following criteria:

» The area was used for loading and unleading
» The area was used as a storage location

= Historical information indicates report of spills, other potential contaminant activities, or
previous investigations in the area

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for
subsurface soil.

2.2.2.1 Surface Scil Sampling Procedures

Surface soil samples were collected from nine locations (SB57A, SB57B, SB57C, 5B57D, SB57E,
SB57F, SB57G, SB57H, and SB571) at this site associated with borings (shown in Figure 1). Their
locatons are described under Section 2.2.2.2.

2.2.2.2 Subsurface Soil Sampling Procedures

With the approval of the Tennessee Department of Environment and Conservation (TDEC) and
the United States Environmental Protection Agency (EI'A), subsurface soil samples were
collected fram nine locations (SB57A, SB57B, SB57C, SB57D, SB57E, SB57F, SB57G, SB57H, and
SB571) at this site (shown in Fi gure 1). The borings were located around the perimeter of
Building 629. The following details the sample locations:

» Sample SB57A was taken 14 feet north and 24 feet east from the northwest corner of
Building 629.

» Sample SB57B was taken 43 feet west of the northwest corner of Building 629.

» Sample SB57C was taken 44 feet west and 90 feet south of the northwest corner of Building
629.

» Sample SB57D was taken 2 feet north of the loading dock located at the southwest corner 6f
Building 629.

SANAP39282/PARCEL 12.00G 3
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« Sample SB57E was taken 40 feet east of the southwest corner of Building 629.
» Sample SB57F was taken 164 feet east of Sample SB57E.
« SB57G was taken 206 feet east of Sample SB57F.

e Sample 5B57H was taken 17 feel east and 3 feet north of the northeast corner of Building
629.

=« Sample SB571 was taken 3 feet north and 212 feet west of the northeast corner of Building
629.

Subsurface samples were collected at each boring location from three depths: zero to 2 feet, 3 to
5 feet, and 8 ta 10 feet. Samples were collected using a 2-inch-diameter, stainless-steel, core-
barrel sampler. The entire length of each soil core was screened with a photoionization detector
(PID) for organic vapors before sample collection so that sampling intervals could be biased
toward any contamination detected by the field screening. VOC samples were collected first
before compositing using a stainless-steel spoon. Part of each VOC sample was placed in a
sealable plastic bag for head space analysis with a PID. Results of the head space analyses were
used to select samples for Level 3 constituent of potential concern (COPC) analysis.

The remaining soil from each sample was composited in a stainless-steel bowl and then
transferred into the appropriate sample jars. All sampling tools were decontaminated before
each use according to the procedures outlined in the Generic Quality Assurance Project Plan
{CH2M HILL, 1995) for the RI/FS currently being conducted at the DDMT.

2.2.3 Analytical Procedures

All samples were submitted ta CH2M HILL’s Analytical Services in Montgomery, Alabama for
analysis. Twenty-seven subsurface soil samples were analyzed for PAHs, VOCs, 5VOCs,
pesticides, and priority pollutant metals. The samples were analyzed in accordance with the
procedures specified in the Generic Quality Assurance Project Plan (CH2M HILL, 1995).

A United States Army Corps of Engineers (COE) split sample was collected from the 3- to 5-foot
interval of SBS7I. This subsurface soil sample was sent to the COE's Atlanta, Georgia laboratory
for analysis of VOCs, SVOCs, pesticides, and priority pollutant metals.

A data quality evaluation (DQE) was performed to assess the effect of the overall analytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl)phthalate can be attributed to field sampling and laboratory
contamination rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate soil samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception of the qualifications
listed above, the DQE concluded that data can be used in the project decision-making process.
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3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Sections 3.1.1 and 3.1.2 presents results of the RI Sampling Program for Rl Site 57. Data are
presented by media for surface and subsurface soil and compared with appropriate screening
criteria in Tables 57-A through 57-C. Data from the 1997 CH2M HILL investigation are
presented along with historical data from the Remedial Investigations at DDMT, Firal Report
(Law Environmental, 1990). If a value from a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background values and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BRAC Cleanup Team
(BCT).

COPCs identified for RI Site 57 include PAH compounds, dichlorodiphenyldichloroethene
(DDE) and DDT in the surface soils. Historical COPCs in the surface soils include antimony,
arsenic, chromium, lead, alpha-chlordane, cadmium, copper, dichlorodiphenyldichloroethane
(DDD), dieldrin, gamma-chlordane, heptachlor epoxide, and nickel. There were no COPCs
identified in the subsurface soils.

3.1.1 Surface Sail

Results of the surface soils analyses with values above detection limits are shown in Tables 57-
A and 57-B.

3.1.1.1 BCT Screening Criteria

Table 57-A summarizes constituents detected in surface soil compared against background and
screening criteria approved by BCT. PAH compounds--including benzo(a)anthracene,
benzo(a)pyrene, benzo(b)flouranthene, benzo(k)flouranthene, dibenz(a,h)anthracene, indeno
(1,2,3-c,d)pyrene, chrysene, flouranthene, pyrene, and benzo(g,h,i)perylene~were found at
concentrations exceeding the screening criteria. The observed PAH concentrations are elevated
in Sample SB57E, which was collected south of the building and adjacent to the railroad tracks.
PAH compounds were not detected in Samples SB57F and 5SB57G, which were also taken near
the railroad tracks. The 1990 RI {Law Environmental, 1990} detected even higher concentrations
of PAH campounds in Sample SS42, which was taken west of Building 629. The observed PAHs
appear to be associated with railroad operations or other non-point sources.

Hislorical parameters of concern in the surface soil for which the BCT has selected screening
criteria values include antimony, arsenic, chromium, and lead. An elevated concentration of
antimony was detected in the Law Environmental study at 8 milligrams per kilogram (mg/kg)
in Sample 5511, which slightly exceeds the BCT criteria (background) value of 7 mg/kg. The
more recent study did not detect antimony exceedances.

Arsenic was also detected in the 1990 RI (Law Environmental, 1990} at 26 mg/kg in Sample
§543, which exceeds the BCT criteria (background) value of 20 mg/kg. Arsenic was detected in
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all nine CH2M HILL surface soil samples at concentrations ranging from 2.5 mg/kg to 13.7
mg/kg, none of which exceed the BCT or background criteria value. Arsenic appears to be
naturally occurring at these levels. Chromium was detected in the Law Environmental study at
135 mg/kg in Sample 5511, which exceeds the BCT criteria value of 39 mg/kg and the
background value of 24.8 mg/kg. Chromium was detected in all nine CH2M HILL surface soil
samples at concentrations ranging from 9.9 mg/kg to 15.9 mg/kg, in which none exceed the
BCT or backgraund criteria value.

Lead was detected in the Law Environmental study at 1680 mg/kg and 1120 mg/kg in Samples
5511 and 5542, which exceeds the BCT criteria value of 400 mg/kg and the background value of
30 mg/kg. Lead was detected in all nine CH2M HILL surface soil samples at concentrations
ranging from 7.3 mg/kg to 33.2 mg/kg, none of which exceed the BCT criteria value.

3.1.1.2 Other Screening Criteria

Table 57-B summarizes the remaining constituents compared with the seil ingestion screening
criteria for both residential and industrial exposure scenarios. COPCs DDE and DDT were
found in Sample SB57E at concentrations that exceed the background values (0.16 mg/kg for
DDE and 0.074 mg/kg for DDT) and the residential RBC for soil ingestion (1.9 mg/kg for both
constituents). These constituents did not exceed the industrial RBC. However, DDE and DDT
were detected in the Law Environmental 1990 RI study at 3% mg/kg and 59 mg/kg,
respectively, which exceed the industrial RBC for soil ingestion (17 mg/kg for both
constituents).

The Law Environmental 1990 RI also detected dieldrin, aipha-chlordane, gamma-chlordane,
cadmium, copper, nickel, and heptachlor epoxide at concentrations exceeding the background
values and industrial and residential RBC for soil ingestion. These constituents were not
detected at elevated concentrations in the more recent sampling event.

Dieldrin was detected in a sample (S510) from the 1990 RI (Law Environmental, 1990) at 4.5
mg/kg, which exceeds the industrial and residential RBC for soil ingestion values of 0.36
mg/kg and 0.04 mg/kg, respectively. Dieldrin was only detected at 0.005 mg/kg in the
CH2M HILL sampling event. However, dieldrin is a sitewide COPC and will be addressed as
part of the Rl risk evaluation.

Alpha~chlordane and gamma-chlordane were detected in one sample (5510) from the Law
Environmental 1990 RI at 4 mg/kg, which exceeds the background value of 0.029 mg/kg and
0.026 mg/kg and the residential RBC of 0.49 mg/kg (for both constituents). The detected
concentrations are near the industrial RBC of 4.4 mg/kg (for both constituents). Alpha
chlordane and gamma-chlordane were not detected in the CH2M HILL sampling event.

Cadmium was detected in the Law Environmental 1990 RI (Samples 5511 and 5542} at
concentrations well below the industrial RBC (100 mg/kg); however, the concentrations did
slightly exceed the background value of 1.4 mg/kg and the residential RBC of 3.9 mg/kg.
Cadmium was detected in three CH2M HILL samples at concentrations below screening
criteria values.

Copper was detected in a sample (55042) from the Law Environmental 1990 RI at 705 mg/kg, -
well below the industrial RBC (8,200 mg/kg), but well above the background value of 33
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mg/kg and the residential RBC of 310 mg/kg. Copper was detected in all nine CH2M HILL
samples at concentrations below screening criteria values.

Heptachlor epoxide was detected in a sample (5510) from the 1990 Law Environmental 1990 R1
at 0.25 mg/kg, which exceeds the background value of 0.0045 mg/kg and the residential RBC
of 0.07 mg/kg.

Nickel was detected in a sample (5542) from the Law Environmental 1990 RI at 367 mg/kg,
which exceeds the background value of 30 mg/kg and the residential RBC of 160 mg/kg.
Nickel was detected in all nine CH2M HILL samples at concentrations below screening criteria
values.

3.1.2 Subsurface Soil

Results of the subsurface soil analyses with values above detection limits are shown in Table
57-C. There were na COPCs detected in the subsurface soil.

3.2 Vertical and Lateral Extent

A total of twelve samples, including samples from the Law Environmental 1990 RI, were
collected from biased locations at RI Site 57 in order to characterize potential releases from the
site. Based on the data collected, observed contamination is limited to the surface soils, and no
leaching is apparent. COPCs were detected in surface soil but not in subsurface soil. The
COPCs detected in the surface soil include PAH compounds, DDE, and DDT. Other parameters
of concern detected in the previous RI conducted by Law Environmental in 1990 include metals
and other pesticides, such as dieldrin, alpha-chlordane, and gamma-chlordane.

PAH compounds were detected in surface soil at elevated concentrations in Sample SB57E,
which was taken south of Building 629 on the western side. The detected concentrations ranged
from 2.1 mg/kg to 10 mg/kg. Very high concentrations of PAH compounds were detected in
the samples from the 1990 RI (Law Environmental,1990), Samples $511 and 5542, ranging from
72 mg/kg to 970 mg/kg, in which the higher concentrations were detected in Sample S542.
Sample S511 was taken south of Building 629 just west of Sample SB57E, and Sample 5542 was
taken west of Building 629 on the northern end. Note that a CH2M HILL sample, SB57B, was
taken just northwest of Sample 5542 (but farther away from the building), and there were no
detections of PAH compounds.

Elevated concentrations of metals (arsenic, chromium, lead, cadmium, copper, nickel, and
antimony) were detected in the previous investigation, mostly in Samples SS11 and 5542. An
elevated concentration of arsenic was detected in the previous Sample 5543, which was taken
south of Building 629 near Sample SB57E. The more recent RI samples were taken in the same
vicinity as the previous samples, but the detected metal concentrations were within the range of
background levels. It appears the lateral extent of metals contamination in surface soil has been
defined by the more recent sampling event.

DDE and DDT were detected at elevated concentrations in Sample SB57E, which was collected
south of Building 629 an the western end. Other pesticides (alpha- and gamma-chlordane,

dieldrin, DDE, and DDT) were detected at elevated concentrations in the previous investigation
samples (Samples 5510, 5511, 5542, and 5543). All of these samples were taken either west of
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Building 629 or south of Building 629. The CH2M HILL samples taken in the same vicinity
(besides Sample SBS7E, which did detect exceedances) detected concentrations of DDE and
DDT that were within the range of background levels. However, additicnal samples are needed
south and west of the existing samples (at the southwest corner of Building 629) to determine
the lateral extent of pesticides contamination at the site.

PAH compounds and dieldrin are found in surface soil throughout the Main Installation and
will be addressed in an upcoming sitewide risk evaluation.

3.3 Potential Migration Pathways

Arsenic exists at several sites on DDMT in surface soils at concentrations above screening
levels. Arsenic’s mobility and toxicity are tied to its complex geochemistry and its ability to
readily form soluble complexes. Arsenic may also readily be adsorbed onto clays, oxides, or
humic organic material and may migrate as suspended soil in surface water or as a sediment.
Arsenic can exist in four common oxidation states, and these control its solubility. It readily
transports through aquatic environments as a dissolved salt or as a complex with an organic
compound.

Benzo(a)anthracene, benzo(a)pyrene, benzo{k)fluoranthene, benzo(b)fluoranthene, and
indeno(1,2,3-c,d)pyrenc--a group of related, long-chain PAHs have similar chemical and
physical characteristics and tend to migrate and behave in the environment in a similar
manner. Generally, these compounds have low vapor pressures, are only marginally soluble in
water, and have a high affinity for soils. All of these compounds have been detected at
concentrations above screening values for surface soils at DDMT. They would be expected to
migrate as adsorbed components of the soils and would potentially be available to aquatic
organisms in turbid surface water or to bottorn feeders in areas with contaminated sediments.
That none of these compounds was detected in sediments indicates this is not a major source of
contaminant migration for these compounds at this site. These compounds do not
bicaccumulate significantly due to their rapid metabolism and excretion by most aquatic
organisms.

Chlordane was detected in surface soils at DDMT. It has a high affinity for soils and is only
marginally soluble in water. Sorption to soil particles and transport via surface water or wind is
its primary potential migration mode. 1t potentially would be available to aquatic crganisms if
it existed as suspended sediment in turbid surface water or as a sediment in an area with
bottom feeders; alsa, it would bioaccumulate in that environment. However, since it was not
detected in either of these media during sampling activities at DDMT, chlordane is not believed
to be an ongoing contaminant release mechanism at the site.

Chromium has been reported from surface and subsurface soils at DDMT in concentrations
greater than the screening levels. Chromium occurs in two oxidation states: +3 and +6. The
trivalent form, which is of little risk, readily combines with aqueous hydroxide to form
insoluble chromium hydroxide. The hexavalent form is scluble and tends to stay in solution,
unless some activated carbon material is present for it to sorb onto. Dissolved chromium is
readily adsorbed onto sediments but may be bioaccumulated through aquatic organisms.
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DDT and two of its degradation breakdown products, DDD and DDE, exist in subsurface soils
at DDMT; these products should not be mobile in this environment. These compounds have an
extremely high affinity for soil and are essentially insoluble in water. As long as they are buried
and the potential for direct contact is controlled, the potential to migrate is minimal. Should s0il
contaminated with these compounds be uncovered, they potentially would be able to be moved
through wind action and/or as suspended material in surface water. DDT also was reported in
sediments at two sites on DDMT, indicating migration via this pathway has occurred. These
compounds can bicaccumulate and become more concentrated as they move up in the food
chain and could potentially affect receptors via this migration pathway.

Dieldrin exists at DDMT in surface and subsurface soils. Since this compound is only minutely
soluble in water, its most likely migration pathway at this site is via erosion as suspended soil
particles in the surface water where it potentially would be available to aquatic organisms.
Dieldrin in the subsurface soils should be relatively immobile and not impact groundwater

quality.

Lead is present at concentrations greater than background, or above screening criteria, in
surface soils, subsurface soils, and sediment at DDMT. Lead is moderately soluble and
potentially can be leached from any of these forms of occurrence, reaching concentrations in
aqueous solution in both groundwater and surface water that would be of concern to both
human and ecological receptors. Additionally, lead in surface soils and sediment potentially
may move as suspended particulate matter in surface waters and impact aqualic organisms.

3.4 Additional Data Needs

The surface soil data is not defined at the southwest and northwest side of Building 629 for
pesticide contamination. Additional surface soil samples should be taken on the west, north,
and south side of Building 629. Each of the sample locations should be biased toward some
kind of waste handling or waste release areas (BCT, 1997).

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation (PRE) was performed in accordance with the Guidance on
Preliminary Risk Evaluations for the Purpose of Reaching a Finding of Suitabilily lo Lease (FOSL)
(EPA Region IV, 1994). A discussion of the PRE methodology in provided as Appendix A to
this document.

4.2 Rl Site 57 Risk

Carcinogenic and noncarcinogenic risks for RI Site 57 are presented in Table 4-22 of the draft
PRE (United States Army Engineer Service Center [USAESC], 1998), and detailed chemical-
specific estimates are presented in Appendix A of the PRE.
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The PRE carcinogenic risk ratios were within a one in a million risk level for an industrial
worker and three in a million for a residential receptor, primarily from DDE and DDT at
sampling location SBS7E.

The noncarcinogenic ratio was below a value of 1.0 for both industrial and residential receptors.

Thus, in accordance with the PRE, there are no significant carcinogenic or noncarcinogenic
human health impacts of concern at this site. It is likely that RI Site 57 will not require further
action, but further risk assessment is necessary to confirm this.

5.0 Summary and Recommendations

5.1 Summary

COPCs at RI Site 57 include PAH compounds, DDE, and DDT in the surface soil. Antimony,
arsenic, chromium, lead, alpha-chlardane, cadmium, copper, DDD, dieldrin, gamma-chlordane,
heptachlor epoxide, and nickel were detected in the surface soil in the previous RI conducted in
1990 (Law Environmental, 1990). There were no COPCs identified in the subsurface soils.

The PAH compounds, dieldrin, and associated pesticides detected in the surface soil are
sitewide COPCs and will be addressed in an upcoming sitewide risk evaluation.

Pesticides are found in the surface soil throughout the Main Installation due to routine
application. However, there are slight risks associated with this site due to the presence of DDE
and DDT. The PRE results presented in the Draft PRE (CH2M HILL, 1998) indicate that
carcinogenic risk ratios were within one in a million for an industrial worker; however, the
ratio was exceeded for a residential receptor due to the presence of DDE and DDT just south of
Building 629 near the railroad tracks.

The noncarcinogenic ratios were below a value of one for both industrial and residential
receptors.

The concentrations of metals (including arsenic, antimony, chromium, copper, nickel, and
cadmium) that exceed background and screening criteria values were detected in the previous
investigation conducted by Law Environmental in 1990. The more recent sampling did not
detect any exceedances of metals.

5.2 Recommendations

Additional sampling is required to determine the extent of pesticide contamination. Further
risk assessment is needed at this site to evaluate pesticide contamination just southwest of
Building 629. The surface soil on the west end of Building 629 is a patential early remaoval
candidate pending the outcome of the additional soil sampling (BCT, 1997).
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Acronyms

BCT
BRAC
CERCLA

COE
COPC
DDD
DDMT
DDE
DDT
DQE
EPA
FOSL
FS

i

ou
PAH
PID
PRE
RBC
RI
SvOC
TCL/TAL
TDEC
USAESC
VOC

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response. Compensation, and Liability Act of
1980

United States Army Corps of Engineers
constituent of potential concern
dichlorodiphenyldichloroethane

Defense Distribution Depot Memphis, Tennessee
dichlorodiphenyldichloroethene
dichlorediphenyltrichloroethane

Data Quality Evaluation

United States Environmental Protection Agency
Finding of Suitability to Lease

feasibility study

square feet

Operable Unit

polynuclear aromatic hydrocarbons
photoionization detector

Preliminary Risk Evaluation

risk-based criteria

Remedial Investigation

semivolatile organic compound

target compound list/ target analyte list
Tennessee Department of Environment and Conservation
United States Army Engineer Service Center
volatile organic compound
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Parcel 24 Report
Remedial Investigation Sampling Program
Defense Distribution Depot Memphis, Tennessee

Parcel 24 is a 805,512-square-foot (ft') parcel in the southwestern part of the Main Installation in
Operable Unit (OU)-2. Parcel 24 consists of Buildings 770 and 771, open storage area X03, the
adjacent railroad tracks, and the gravel parking area east of Building S-873. Samples were
collected at Remedial Investigation (RI) Sites 27 and 34 in this parcel during the RI Sampling
Program.

The RI Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of existing documents, interviews with facility personnel,
and knowledge of the facility’s operations. RI sites at DDMT are identified as those areas that
have been known or suspected to have past releases as a result of facility operations. These sites
have been previously identified as requiring a Rl and have a confirmed presence of
contamination. The following RI Sites are located in Parcel 24:

= RISite 27: Former Recoupment Area (Building S-873) {Subparcel 24.1)
* RISite 34: Underground Waste Qil Storage Tanks at Building 770 {Subparcel 24.3)

Additional sites identified with past potential releases from past operations to the environment
are addressed in the Screening Sites Sampling Program. General areas within the installation
without any known industrial operations involving hazardous chemicals were addressed in the
Base Realignment and Closure (BRAC) Sampling Program. Results of these programs are
addressed in separate letter reports. There are no screening sites within this parcel.

The purpose of the Rl Sampling Program, which is part of the Remedial Investigation/
Feasibility Study {(RI/FS), is to accomplish the following:

» Characterize potential releases from the sites

s Assess the nature and extent of sgil and surface water contamination attributable to past
operations

* Gather and evaluate data to determine the need for interim remedial actions for the sites
+ Evaluate the risk to human health and the environment as part of the comprehensive RI
*  Assess the feasibility of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations, determine whether adequate sampling has been
performed for an RI, and recommend further actions at R sites in this parcel. The remainder of
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this report presents the results of past investigations; RI Sampling Program strategy,
procedures, and results; and recommendations for each site.

Surface soils, subsurface soils, and surface water were investigated as part of the Rl Sampling
Program. Surface soil samples (any sample whose lowest depth is 2 feet or less) were taken
both as independent samples and as the upper interval of a soil boring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
from that upper interval are presented in the surface soils tables and discussions in Section
3.1.1.

Site 27: Former Recoupment Area (Building S-873)

1.0 Introduction

Table 1 presents the location and status information for this site.

TABLE 1
Parcel 24, Site 27 inlarmation
Remedial Investigation Sampling Program, Defense Distribution Depot Memphis, Tennessee

Parcel Bullding Number AUFS OU  Site Number CERCLA' Sietus

24 Parking Area East of S-873 2 27 Al

'CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act

Building S-873 is an open-sided, metal-roofed shed that served as the DDMT materials
recoupment or recovery area from 1942 to 1986. This site was formerly used for packing and
repacking hazardous and nonhazardous materials from damaged and leaking containers. The
specific boundaries of the site are unknown; however, it is known that recoupment activities
were conducted in the southeastern corner of the building and in the gravel parking area to the
east of the building. The gravel parking area east of the building is the part of this site located
in Parcel 24. The southeastern corner of Building S-873 is located in Parcel 25. Two surface soil
samples were located in Parcel 25, but are included in this Parcel 24 discussion to maintain a
complete Site 27 data set. The site configuration, sample locations, and constituents exceeding
Risk-Based Criteria (RBC) are shown in Figure 1.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the Rl Sampling
Program efforts. The historical data results are included in the following discussions as well;
however, sampling strategy and analysis included in the historical reports are not repeated
here.
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2.1 Previous Investigations

Soil contaminated with pesticides dichlarediphenyltrichloroethane {DDT) and
dichloradiphenyldichloroethene (DDE) from previous spills has been remediated previausly at
this location, resulting in the removal and disposal of contaminated sails. Approximately the
upper 0.5 to 1 foot of soil in this area was removed and disposed of by DDMT in 1985.

In addition, four surface 501l samples (5526, S527, 5528, and 5529) were collected at this site
during the 1990 RI conducted by Law Environmental in areas where spills may have occurred.
Polynuclear aromatic hydrocarbons (PAHs), semivolatile organic compounds (SVOCs), and
metals were detected in these samples.

2.2 Rl Sampling Program
2.2.1 Sampling Strategy

The sampling strategy was developed to evaluate whether releases have occurred to surface
and subsurface soil. For this sampling program, surface soil and subsurface soil samples were
collected to assess the vertical and horizontal extent of soil contamination from the past
activities at the site. At least one sample for each media was analyzed for target compound
list/target analyte list (TCL/TAL) constituents in accordance with the Operable Unit 2 Field
Sampling Plan (CH2M HILL, 1995).

The sampling locations at RI Site 27 were located east of Building 873 on the southern end. The
specific boundaries of the site were unknown, other than the knowled ge that packing and
repacking activities occurred in the southeast corner of the building and the gravel parking area
to the east of the building.

2.2.2 Sampling Procedures

This section describes the sampling pracedures and laboratory analyses performed for surface
and subsurface soil. ’

2.2.2.1 Surface Soil Sampling Procedures

With the approval of the Tennessee Department of Environment and Conservation {TDEC) and
the United States Environmental Protection Agency (EPA), surface soil samples were collected
from ten locations (SB27A, SB27B, SB27C, SB27D, SB27E, S527F, §527G, S527H, $5271, and
5527]) at this site {shown in Figure 1). Eight samples (SB27A, SB27B, SB27C, SB27D, SB27E,
SS27F, 5527G, and SS27H) are located in Parcel 24; the remaining two samples (§5271 and §527])
are located in Parcel 25. Surface sail samples associated with borings are discussed in Section
2.2.2.2. The following details each sample location:

* Sample 5527F was taken 86 feet north of the southeast corner of Building 873.
* Sample S527G was taken 64 feet north of Sample SS27F.
* Sample S527H was taken 52 feet north of Sample SS27G.

SANMWPH29282/PARCEL24.00C 3
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¢ Sample 55271 was taken 1 feet south of the southeast corner of Building 873 (in Parcel 25).
¢ Sample 5527] was taken 62 feet west of the southeast corner of Building 873 (in Parcel 25).

All surface soil samples were collected from the zero- to 1-foot interval. Because surface soils at
the site were too compacted to hand auger, all samples were collected using the direct-push
probe. A stainless-steel, core-barrel sampler was pushed by the probe over the zero- to 1-foot
interval at each location. Volatile organic compound (VOC) samples were collected first before
compositing using a stainless-steel spoon. Part of the VOC sample was placed in a sealable
plastic bag for head space analysis with a photoionization detector (PID). The results of the
head space analyses were used to select samples for analysis of the TCL/TAL parameters and
Level 3 constituents of potential concern (COPC) analysis. The remaining sail was composited
in a stainless-steel bowl and then transferred into the appropriate sample jars. All samplin g
tools were decontaminated before each use according to the procedures specified in the Generic
Quality Assurance Project Plan (CH2M HILL, 1995) for the R1/FS currently being conducted at
DDMT.

2.2.2.2 Subsurface Soil Sampling Procedures

With the approval of the TDEC and the EPA, subsurface soil samples were collected from five
locations (SB27A, SB27B, SB27C, SB27D, and SB27E) at this site {shown in Figure 1). The
following details each sample locations:

» Sample 5B27A was taken 88 feet east and 8 feet south of Sample SS27H.

* Sample 5B27B was taken 72 feet north of Sample 5527F and 27 feet west of Sample SB27C.
*» Sample SB27C was taken 12 feet south and 88 feet east of Sample 5527G.

* Sample 5B27D was taken 52 feet south and 32 feet west of Sample SB27C.

* Sample SB27E was taken directly south of Sample SB27C, which was 64 feet south of
Sample SB27D.

Subsurface samples were collected at each boring location (SB27A, SB27B, SB27C, SB27D, and
SB27E) from three depths: 1 to 2 feet, 3 to 5 feet, and 8 to 10 feet. The samples were collected
using a 2-inch-diameter, stainless-steel, core-barrel sampler. The entire length of each soil core
was screened with a PID for organic vapors before sample collection so that sampling intervals
could be biased toward any contamination detected by the field screening. VOC samples were
collected first before compositing using a stainless-steel spoon. Part of each VOC sample was
placed in a sealable plastic bag for head space analysis with a PID. The results of the head Space
analyses were used to select samples for Level 3 COPC analysis. The remaining soil from each
sample was composited in a stainless-steel bowl and then transferred into the appropriate
sample jars. All sampling tools were decontaminated before each use according to the
procedures outlined in the Generic Quality Assurance Project Plan (CH2M HILL, 1995) for R1/FS
currently being conducted at DDMT.

2.2.3 Analytical Procedures

All samples were submitted to CH2M HILL’s Analytical Services in Montgomery, Alabama, for
analysis. A total of 7 surface scil and 18 subsurface soil samples from Parcel 24 and two surface
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soil samples from Parcel 25 were analyzed for VOCs, PAHs, pesticides, and priority pollutant
metals. One surface soil sample, which exhibited the highest field head space result, was
analyzed for the TCL/TAL parameters. One subsurface soil sample from the 8- to 10-foot
interval was analyzed for grain size, Atterburg limits, moisture content, pH, alkalinity, cation
exchange capacity, and total organic carbon. The samples were analyzed in accordance with the
procedures specified in the Generic Quality Assurance Project Plan (CH2M HILL, 1995).

A data quality evaluation (DQE) was performed to assess the effect of the overall analytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl)phthalate can be attributed to field sampling and laboratory
contamination rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate s0il samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception to the qualifications
listed above, the DQE concluded that data can be used in the project decision-making process.

3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Sections 3.1.1 and 3.1.2 present results of the RI Sampling Program for RI Site 27. Data are
presented by media for surface and subsurface 5oil and compared with apprapriate screening
criteria in Tables 27-A through 27-C. Data from the 1997 CH2M HILL investigation are
presented along with historical data from the Remedial Investigations at DDMT, Final Report
(Law Environmental, 1990). If a value from a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold on the summary tables.

COPCs are parameters that exceed both background values and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BRAC Cleanup Team

(BCT).

COPC:s identified for Rl Site 27 include PAH compounds, iron, and vanadium in the surface
soils. There were no COPCs identified in the subsurface soils.

3.1.1 Surface Soil

Results of the surface soils analyses with values above detection limits are shown in Tables 27-
A and 27-B.

3.1.1.1 BCT Screening Criteria

Table 27-A summarizes constituents for which the BCT has selected a screening criteria for
surface soil. COPCs detected in the surface soil include PAH compounds and iron.

PAH compounds, including benzoa)anthracene, benzo(a)pyrene, benzo(b)flouranthene,
benzo(k)flouranthene, and indenco (1,2,3-c,d)pyrene, were found at concentrations exceeding
the screening criteria. The observed PAH concentrations are more elevated in Sample SS27F,
which was collected just north of the southeast corner of Building 873 near the railroad tracks.

SANWP{129282/PARCEL24 DOC 5
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Elevated concentrations of PAH compounds appear to exist throughout the DDMT and could
be from non-point sources, such as railroad tracks, asphalt paved roads, and/or vehicular
traffic. Thus, observed PAHs may not be site-related. Another COPC, iron, was detected in
Sample 5527H at 44,500 milligrams per kilograms (mg/kg), which exceeds the BCT
(background) value of 37,000 mg /kg.

Historical parameters of concern in the surface soil for which the BCT has selected screening
criteria values include antimony and arsenic. An elevated concentration of antimony was
detected in the 1990 Rl (Law Environmental, 1990) Sample $S27 at 8 mg/kg, which slightly
exceeds the BCT criteria (background) value of 7 mg/kg. The more recent study did not detect
antimony exceedances.

Arsenic was detected in the 1990 RI (Law Environmental, 1990) at 28 mg/kg (Sample SS26), 36
mg/kg (Sample 5527) and 23 mg/kg (Sample 5529), all of which exceed the BCT criteria
(background) value of 20 mg/kg. Arsenic was detected in eight CH2M HILL surface soil
samples at concentrations ranging from 1.9 mg/kg to 11.5 mg/kg, none of which exceed the
BCT or background criteria value.

3.1.1.2 Other Screening Criteria

Table 27-B summarizes the remaining constituents compared with the soil ingestion screening
criteria for both residential and industrial exposure scenarios. The COPC vanadium was found
in Sample 5527H at 76.7 mg/kg, which exceeds the background value of 48.4 mg/kg and the
residential RBC for soil ingestion value of 55 mg/kg. This constituent did not exceed the
industrial RBC.

3.1.2 Subsurface Soil

Results of the subsurface soils analyses with values above detection limits are shown in Table
27-C. There were no COPCs detected in the subsurface soil.

3.2 Vertical and Lateral Extent

A total of fourteen locations, including samples from the 1990 Law Environmental RI, were
sampled from biased locations at RI Site 27 in order to characterize potential releases from the
site. Based on the data collected so far, the COPCs do not persist across the two media
evaluated. COPCs were detected in surface s0il but not in subsurface soil. The COPCs detected
in the surface soil include PAH compounds, iron and vanadium. Qther parameters of concern
detected in the previous Rl include arsenic and antimony.

PAH compounds were detected in elevated cancentrations in Sample S527F, which was
collected just north of the southeast corner of Building S-873 near the railroad tracks, and in
Sample 3527], which was taken west of the southeast comner of Building $-873. PAH
compounds were not detected in Sample 55271, which was taken at the southeast corner of
Building 5-873; nor were PAH compounds detected in the surface soil samples taken along the
east side of Building 5-873 farther away from the building. PAH compounds are sitewide
COPCs and will be addressed in an upcoming sitewide risk evaluation. Iron was detected in
one sample (S527H) at 44,500 mg/kg, which exceeds background values. No concentrations of
iron were detected in the subsurface soils or during the previous surface soil investigations.
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Vanadium was detected in one sample (S527H) at 76.7 mg/kg, which exceeds background
values. No concentrations of vanadium were detected in the subsurface soils or during the
previous surface soil investigations.

Elevated concentrations of arsenic and antimony were detected in the previous investigation.
Antimony was detected at 5 mg/kg (Sample 5528), 6 mg/kg (Sample 5529), 7 mg/kg (Sample
5526), and 8 mg/kg (Sample 5527). All samples (S526 through S$S29) were taken east of Building
873 on the southern end. The samples taken closer to the building, Samples 5527 and 5526,
detected the highest concentrations of antimony, which only slightly exceed background
values. Nate that two CH2M HILL samples detected antimony in the same vicinity as the
previous samples, but elevated concentrations were not detected.

Arsenic was detected at 17 mg/kg (Sample 5528), 23 mg/kg (Sample $529), 28 mg/kg (Sample
5526), and 36 mg/kg (Sample 5527). Again, the samples taken closer to the building, 5527 and
5526, detected the highest concentrations of arsenic, which exceed background values. The
arsenic detections in the recent sampling event, all taken south of the 1990 Law Environmental
RI sample with the highest exceedance (Sample §527), were within the naturally occurring
levels and do not appear to be site-related.

Contamination observed in surface soils has not leached to the subsurface soil since surface soil
COPCs were not detected in subsurface samples. It appears contaminant concentrations are
similar in the surface soil near the building and away from the building. Additional sampling is
needed at this site to determine the lateral extent of metals contamination in the northern part
of the RI Site.

3.3 Potential Migration Pathways

Benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, benzo(b)fluoranthene, and
indeno(1,2,3-c,d}pyrene--a group of related, long-chain PAHs—have similar chemical and
physical characteristics and tend to migrate and behave in the environment in a similar
manner. Generally, these compounds have low vapor pressures, are only marginally soluble in
water, and have a high affinity for soils. All of these compounds have been detected at
cancentrations above screening values for surface soils at DDMT. They would be expected to
migrate as adsorbed components of the sails and would potentially be available to aquatic
organisms in turbid surface water ar to bottom feeders in areas with contaminated sediments.
That none of these compounds was detected in sediments indicates this is not a major source of
contaminant migration for these compounds at this site. These compounds do not
bioaccumulate significantly due to their rapid metabolism and excretion by most aquatic
organisms.

Arsenic exists at several sites on DDMT in surface soils at concentrations above screening
levels. Arsenic’s mobility and toxicity are tied to its complex geochemistry and its ability to
readily form soluble complexes. Arsenic may also readily be adsorbed onto clays, oxides, or
humic organic material and may migrale as suspended soil in surface water or as a sediment.
Arsenic can exist in four common oxidation states, and these control its solubility. It readily
transports through aquatic environments as a dissolved salt or as a complex with an organic
compound.
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3.4 Additional Data Needs

Surface sail contamination has not been defined in the northern area of R1 Site 27 along the east
side of Building 5-873 for metals detection. Additional surface soil sampling is recommended
for arsenic and antimony. In addition, a surface soil sample is needed to confirm the elevated
concentration of vanadium at RI Site 27.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation {PRE) was performed in accordance with the Guidance on
Preliminary Risk Evaluations for the Purpose of Reaching a Finding of Suitability to Lease (FOSL)
(EPA Region 1V, 1994). A discussion of the PRE methodology is provided in Appendix A to this
document.

4.2 Rl Site 27 Risk

Carcinogenic and noncarcinogenic risks for RI Site 27 are presented in Table 4-45 of the draft
PRE (United States Army Engineer Support Center ([USAESC], 1998), and detailed chemical-
specific estimates are presented in Appendix A of the PRE.

The PRE carcinogenic risk ratios were well above a level of one in a million due to the presence
of PAHs in surface soils in all of the samples.

The noncarcinogenic PRE ratios were not above a value of one for industrial workers but were
above one for the residential scenario due to PAHs and metals in the soil.

5.0 Summary and Recommendations

5.1 Summary

RI Site 27 has been used for packing and repacking hazardous and nonhazardous materials
from damaged and leaking containers. COPCs, including PAH compounds, iron, and
vanadium, were detected in the surface soils of this area. Other historical parameters of concern
detected in the surface soils were antimony and arsenic. According to Table 5-2 of the draft
PRE, the carcinogenic risk ratios were well above a level of one in a million due to the presence
of PAHs. The noncarcinogenic ratios were not above a value of ane for industrial workers, but
they were above one for the residential scenario due to PAHS and metals in the soil.

5.2 Recommendations

Further risk assessment will be conducted as part of the Rl report preparation to determine the
human health ecological risks under baseline conditions at this site. Additional surface soil
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. sampling is recommended for arsenic and antimony. In addition, a surface soil sample is
needed to confirm the elevated concentration of vanadium at RI Site 27.
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Site 34: Underground Waste Oil Storage Tanks at Building 770

1.0 Introduction

Table 2 presents the location and status information for this site.

TABLE 2
Parcel 24, Site 34 Information
Remedial Investigation Sampling Program, Defense Distribution Depot Memphis, Tennessee

Parcel Building Number AVFS QU Slte Number CERCLA Status

24 770 2 34 Ri

Site 34 consists of twa former 1,000-gallon steel underground storage tanks (UUSTs) previously
located west of the vehicle maintenance shap (Building 770). The tanks stored waste motor oil
from vehicles from the 1960s until they were removed in 1989, Prior to 1969, Building 770 also
was used for cleaning and preserving heavy equipment before shipment overseas. The site
configuration, sample locations, and constituents exceeding RBC are shown in Figure 2.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the RI Sampling
Program efforts. The historical data results are included in the following discussions; however,
sampling strategy and analysis included in the historical reports are not repeated here.

2.1 Previous Investigations

Four surface soil samples (5538, 5539, S548, and S549) were collected at this site during the 1990
Rl conducted by Law Environmental in the vicinity of the waste oil storage tanks. These surface
soil samples have indicated the presence of PAHs, which could be from used oils or heavy fuel
oil residuals. Other detected contaminants include VOCs, pesticides, and metals.

2.2 Rl Sampling Program
2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
and subsurface soil. For this sampling program, Surface soil and subsurface soil samples were
collected to assess the vertical and horizontal extent of soil contamination from past activities at
the site. At least one sample for each media was anal yzed for TCL/TAL constituents in
accordance with the Operable Unit 2 Field Sampling Plan (CH2M HILL, 1995). The RI Site 34
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sampling locations were placed west of Building 770 in the general vicinity of the former waste
oil storage tanks.

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for surface
and subsurface soil.

2.2.2.1 Surface Soil Sampling Procedures

With the approval of the TDEC and the EPA, surface soil samples were collected from six
locations (SB34A, 5B34B, SB34C, S534D, SS34E, and 5534F) at this site (shown in Figure 2).
Surface soil samples associated with borings are discussed in Section 2.2.2.2. The following
details each sample location:

» Sample S534D was taken 110 feet south and 30 feet west of the northwest corner of Building
770.

» Sample SS34E was taken 110 feet south and 6 feet west of the northwest corner of Building
770. .

» Sample SS34F was taken 70 feet south and 85 feet west of the northwest corner of Building
770.

All surface soil samples were collected from the interval of zero to 1 foot. The surface sail
samples were collected using a stainless-steel hand auger. VOC samples were collected from
the first auger bucket before compositing to prevent volatilization. Part of the VOC sample was
placed in a sealable plastic bag for head space analysis with a PID. The results of the head space
analyses were used to select samples for Level 3 COPC analysis. The remaining soil from each
sample was composited in a stainless-steel bowl and then transferred into the appropriate
sample jars. All sampling tools were decontaminated befare each use according to the
procedures in the Generic Quality Assurance Project Plan (CH2M HILL, 1995) for the RI/FS
currently being conducted at DDMT.

2.2,2.2 Subsurface Soil Sampling Procedures

With the approval of the TDEC and EPA, subsurface soil samples were taken from three
locations (SB34A , SB34A, and SB34C) at this site (shown in Figure 2). The borings were located
in the following areas:

* Sample SBMA was taken 7 feet northwest of the point that is 55 feet west and 118 feet south
of the northwest comer of Building 770.

* Sample SB34B was taken approximately 30 feet west of Building 770, just 9 feet north
measuring from the north side of the part of Building 770 that extends to the east.

* Sample SB34C was taken approximately 10 feet west of Building 770, just 26 feet north
measuring from the north side of the part of Building 770 that extends to the east.

Subsurface samples were collected at each boring location from four depths: 3 to 5 feet, 8 to 10
feet, 13 to 15 feet, and 18 to 20 feet. Samples were collected using a 2-inch-diameter, stainless-
steel, core-barrel sampler. The entire length of each soil core was screened with a PID for
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organic vapors before sample collection so that sampling intervals could be biased toward any
contamination detected by the field screening. VOC samples were collected first before
compositing using a stainless-steel spoon. Part of each VOC sample was placed in a scalable
plastic bag for head space analysis with a PID. The results of the head space analyses were used
to select samples for analysis of the TCL/TAL parameters and Level 3 COPC analysis. The
remaining soil from each sample was composited in a stainless-steel bow! and then transferred
into the appropriate sample jars. All sampling tools were decontaminated before each use
according to the procedures specified in the Generic Quality Assurance Project Plan (CH2M HILL,
1995} for the R1/FS currently being conducted at DDMT.

2.2.3 Analytical Procedures

All samples were submitted to CH2M HILLs Analytical Services in Montgomery, Alabama for
analysis. Six surface soil and 11 subsurface soil samples were analyzed for VOCs, PAHs, and
priority pollutant metals. One subsurface soil sample, which exhibited the highest field head
space result, was analyzed for TCL/TAL parameters. The samples were analyzed in accordance
with the procedures outlined in the Generic Quality Assurance Project Plan (CH2M HILL, 1995).

A United States Army Corps of Engineers (COE) split sample was collected from the zero- to 1- *
foot interval of Sample SB34A. This surface soil sample was sent to the COE’s Atlanta, Georgia
laboratory for analysis of VOCs, PAHSs, and priority pollutant metals.

A DQE was performed to assess the effect of the overall analytical process on the usability of
the data. The DQE established that the detection of acetone, 2-butanone, and bis(2-
ethylhexyl)phthalate can be attributed to field sampling and laboratory contamination rather
than environmental conditions at the site. Also, poor duplicate precision for metals in the
duplicate soil samples should be attributed to poor sample homogeneity as well as to
potentially poor sampling and analysis precision. With exception to the qualifications listed
above, the DQE concluded that data can be used in the project decision-making process.

3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Sections 3.1.1 and 3.1.2 present results of the RI Sampling Program for Rl Site 34, Data are
presented by media for surface and subsurface soil and compared with appropriate screening
criteria in Tables 34-A, 34-B, and 34-C. Data from the 1997 CH2M HILL investigation are
presented along with historical data from the Remedial Investigations at DDMT, Final Report
(Law Environmental, 1990). If a value from a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background and the screening criteria. Where
concentrations exceed the selected background value, the concentration is compared with the
observed range of background values as reviewed and established by the BCT.

COPCs identified for RI Site 34 include arsenic, PAH compounds, chromium, and lead.
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3.1.1 Surface Sail

Results of the surface sails analyses with values above detection limits are shown in Tables 34-
A and 34-B.

3.1.1.1 BCT Screening Criteria

Table 34-A summarizes constituents for which the BCT has selected a screening criteria for
surface soil. The COPCs detected in the surface soil include PAH compounds, arsenic,
chromium, and lead.

PAH compounds, including benzo(a)anthracene, benzo(a)pyrene, benzo(b)flouranthene, and
indeno(1,2,3-c,d)pyrene, were found at concentrations exceeding the screening criteria and
background values. The observed PAH concentrations are elevated in Sample SB34B, which is
not associated with railroad tracks. PAH compounds were detected below screening criteria
values in the other five surface soil samples taken around Sample SB34B. The 1990 RI
conducted by Law Environmental detected elevated concentrations of PAH compounds in
Sample §538, which was taken just south of Sample SBMB.

Arsenic was detected in all six surface soil samples. One detection in Sample S334D at 49.2
mg/kg exceeded the BCT (background) value of 20 mg/kg. Other detections of arsenic were
below background values, ranging from 4.3 mg/kg to 10.9 mg/kg.

Chromium was detected in all six samples. Elevated concentrations were detected in five of the
samples at 107 mg/kg (Sample SB34B), 40.2 mg/kg (Sample SB34C), 124 mg/kg (Sample
5534D), 51.3 mg/kg (Sample S534E) and 77.2 mg/kg (duplicate Sample 5§534E). These
concentrations exceed the BCT value of 39 mg/kg and the background value of 24.8 mg/kg.
The 1990 RI (Law Environmental, 1990) detected concentrations of chromium ranging from 6
mg/kg ta 19 mg/kg, which did not exceed screening criteria values.

Lead was detected in all six samples. Elevated concentrations were detected in three of the
samples at 702 mg/kg (Sample 5B34B), 960 mg/kg (Sample $534D), and 505 mg/kg {Sample
SS34E). These concentrations exceed the BCT value of 400 mg/kg and the background value of
30 mg/kg. The Law Environmental 1990 Rl detected concentrations of lead ranging from 4
mg/kg to 48 mg/kg.

A historical parameter of concern is antimony. Antimony was detected in the 1990 Rl at 17
mg/kg (Law Environmental 1990), which exceeds the BCT (background) value of 7 mg/kg.
Antimony was not detected in the recent RI sampling event.

3.1.1.2 Other Screening Criteria

Table 34-B summarizes the remaining constituents compared with the soil ingestion screening
criteria for both residential and industrial exposure scenarios. There were no COPCs detected.

3.1.2 Subsurface Soil

Results of the subsurface soils analyses with values above detection limits are shown in Table
34-C. Chromium was the only constituent detected in the subsurface soil at concentrations near
screening criteria. Chromium was detected in all three borings at depths of 3 to 20 feet. The
concentration detected in Sample SB34A at 40.8 mg/kg {18- to 20-foot depth) exceeds the
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background value of 26 mg/kg but is nearly equal to the RBC-groundwater protection value of
38 mg/kg. Other detected concentrations were within the background value range.

3.2 Vertical and Lateral Extent

The site is an area associated with an old UST used to store fuel oil. No surface soil
contamination is expected to exist at this site. A total of eight locations, including 1990 RI
Environmental Law samples, were sampled from biased locations at Rl Site 34 in order to
characterize potential releases from the storage tanks. Potential releases may not have occurred
from the UST, as the subsurface soil had ne petraleum related contamination above the
screening criteria. Low levels of PAHs and metals were detected at this site at concentrations
similar to other concentrations detected elsewhere at the installation. The COPCs detected in
the surface soil include PAH compounds, arsenic, chromium, and lead.

Chromium was elevated in subsurface socils at concentrations near COPC criteria. The
concentration of chromium in the subsurface soil increased with depth up to 20 feet; however,
the detected chromium concentrations were within the background value range. Only one
exceedance was noted in Sample SB34A at the 18- to 20-foot depth.

PAH compounds were detected in surface soil in Sample SB34B at elevated concentrations
ranging from 3.3 mg/kg to 4.1 mg/kg. Sample SB34B was collected west of Building 770 where
the former USTs were located. The presence of PAH observed at this site could be from fuel oil
residuals. Arguably, PAH compounds are sitewide COPCs and will be addressed as part of a RI
in the near future.

Elevated concentrations of arsenic, chromium, and lead were detected in a number of surface
soil samples. In Sample S534D, collected just south of Sample SB34B, detections of arsenic,
chromium, and lead were greater than twice the screening level values. The metals
cancentrations detected in the previous Rl samples were within the background value ranges.

In summary, elevated concentrations of metals were detected in Samples SB34B, 55341, and
SS34E. The samples collected around these three samples, including a BRAC sample, detected
the same metal constituents but at levels within background value ranges. The surface soil data
collected so far appears to bound the extent of metal contamination to the locations of Samples
SB34B, 5534D, and SS34E.

Chromium was also detected at elevated concentrations in the subsurface soil at a depth of 18
to 20 feet. Chromium concentrations in the subsurface soil tend to slightly increase with depth
up to 20 feet. The increase in chromium concentration with depth could be due to changes in
s0il types that occur with depth.

3.3 Potential Migration Pathways

Arsenic exists at several sites on DDMT in surface soils at concentrations above screening
levels. Arsenic’s mobility and toxicity are tied to its complex geochemistry and its ability to
readily form soluble complexes. Arsenic may also readily be adsorbed onto clays, oxides, or
humic organic material and may migrate as suspended soil in surface water or as a sediment.
Arsenic can exist in four common oxidation states, and these control its solubility. It readily
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transports through aquatic environments as a dissolved salt or as a complex with an organic
compound.

Chromium has been reparted from surface and subsurface soils at DDMT in concentrations
greater than the screening levels. Chromium occurs in two oxidation states: +3 and +6. The
trivalent form, which is of little risk, readily combines with aqueous hydroxide to form
insoluble chromium hydroxide. The hexavalent form is soluble and tends to stay in solution,
unless some activated carbon material is present for it to sorb onto. Dissolved chromium is
readily adsorbed onto sediments but may be bioaccumulated through aquatic organisms.

Lead is present at concentrations greater than background, or above screening, criteria, in
surface soils, subsurface soils, and sediment at DDMT. Lead is moderately soluble and
potenhally can be leached from any of these forms of occurrence, reaching concentrations in
aqueous solution in both groundwater and surface water that would be of concern ta both
human and ecological receptors. Additionally, lead in surface soils and sediment potentially
may mave as suspended particulate matter in surface waters and impact aquatic organisms.

Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-¢c,d)pyrene—a
group of related, long-chain PAHs~have similar chemical and physical characteristics and tend.
to migrate and behave in the environment in a similar manner. Generally, these compounds
have low vapor pressures, are only marginally soluble in water, and have a high affinity for
soils. All of these compounds have been detected at concentrations above screening values for
surface soils at DDMT. They would be expected to migrate as adsorbed components of the soils
and would potentially be available to aqualic organisms in turbid surface water or to bottom
feeders in areas with contaminated sediments. That none of these compounds was detected in
sediments indicates this is not a major source of contaminant migration for these compounds at
this site. These compounds do not bicaccumulate significantly due to their rapid metabolism
and excretion by most aquatic organisms.

3.4 Additional Data Needs

Further sampling is not recommended at this time. Further risk evaluation of metals and PAHs
in the surface and subsurface soils, without additional sampling, should be conducted to assess
potential human health risks at the site.

4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The PRE was performed in accordance with the Guidance on Preliminary Risk Evaluations for the
Purpose of Reaching a Finding of Suitability to Lease (FOSL) (EPA Region IV, 1994). A discussion of
the PRE methodology is provided in Appendix A to this documnent.
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4.2 Rl Site 34 Risk

Carcinogenic and noncarcinogenic risks for RI Site 34 are presented in Table 4-46 of the draft
PRE (USAESC, 1998), and detailed chemical-specific estimates are presented in Appendix A of
the PRE.

The carcinogenic risk ratios were exceeded for both industrial and residential receptors from
PAHs and arsenic in the soil samples.

The noncarcinogenic PRE ratio was not exceeded above a value of 1.0 for an industrial worker;
however, the noncarcinogenic PRE ratio was slightly above 1.0 for the residential scenario.

5.0 Summary and Recommendations

5.1 Summary

Some risks are associated with this site due to the presence of PAHs and metals in the surface
soil. According to Table 5-2 of the draft PRE, the carcinogenic risk ratios for this site were
exceeded for both industrial and residential receptors due to the presence of PAHs and arsenic
in the surface soil. The noncarcinogenic risk ratio was exceeded for the residential receptor
anly.

5.2 Recommendations

Further risk evaluation of metals and PAHs in surface soil, without additional sampling, is
recommended for this site.

SANMWPA 39282/PARCEL24,00C 16
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Acronyms

BCT
BRAC
CERCLA

COE
COPC
DDMT
DQE
EPA
FOSL
FS

ft
mg/kg
ou
FPAH
PID
PRE
RBC

RI
SVOC
TCL/TAL
TDEC
USAESC
UST
vOC

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

United States Army Corps of Engineers
constituent of patential concern

Defense Distribution Depot Memphis, Tennessee
Data Quality Evaluation

United States Environmental Protection Agency
Finding of Suitability to Lease

Feasibility Study

square feet

milligrams per kilogram

Operable Unit

polycyclic aromatic hydrocarbons
photoionization detector

Preliminary Risk Evaluation

Risk-based Concentration

Remedial Investigation

Semivolatile Organic Compound

target compound list/ target analyte list
Tennessee Department of Environment and Conservation
United States Army Engineer Service Center
underground storage tank

Volatile Organic Compound
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309 184
Parcel 25 Report

Remedial Investigation Sampling Program
Defense Distribution Depot Memphis, Tennessee

Parcel 25 is a 830,835-square-foot {ft') parcel in the southwestern part of the Main Installation in
Operable Unit (OU)-2. Parcel 25 consists of Buildings 873 and 875 and the adjacent railroad
tracks. Two samples were collected at the Remedial Investigation (RI) Site 27, the Former
Recoupment Area (Building 873), in this parcel during the RI Sampling Program. Rl sites are
locations at the Defense Distribution Depot Memphis, Tennessee (DDMT) that have been
known to have past releases as a result of facility operations. These sites have been previously
identified as requiring a RI and have a confirmed presence of contaminants.

Most samples from Rl Site 27 were collected in Parcel 24. Therefore, the RI Site 27 sampling
results are discussed in Parcel 24.

SANMWPN3282/PARCEL25.DOC
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® parcel 35 Report

Remedial Investigation Sampling Program

Defense Distribution Depot Memphis, Tennessee

Parcel 35 is a 262,545-square-foot (ft') parcel in the southwestern part of the Main Installation in
Operable Unit (OU)-2. Parcel 35 consists of Buildings 1084, 1086, 1087, 1088, 1090, and 1091.
This parcel includes two screening sites and one Remedial Investigation (RI) site, but this report
addresses only the Rl site data. Samples were collected at RI Site 32 in this parcel during the RI
Sampling Program. Sampling activities at this site are described below.

The RI Sites in this document have been identified by the Defense Distribution Depot Memphis,
Tennessee (DDMT) through a review of existing documents, interviews with faclity personnel,
and knowledge of the facility's operations. Rl sites are locations at DDMT that have been
known to have past releases as a result of facility operations. These sites have been previously
identified as requiring a Rl and have a confirmed presence of contaminants. The following RI
Site is located in Parcel 3:

» RI Site 32: Sandblasting Waste Accumulation Area {Subparcel 35.5)

. Additional sites identified with past potential releases to the environment from past operations
are addressed in the Screening Sites Sampling Program. General areas within the installation
without any known industrial operations involving hazardous chemicals were addressed in the
Base Realignment and Closure {BRAC) Sampling Program. Results of these programs are
addressed in separate letter reports.

The purpose of the RI Sampling Program, which is part of the Remedial Investigation/
feasibility study (RI/FS), is to accomplish the following:

e Characterize releases from the sites

o  Assess the nature and extent of soil and surface water contamination attributable to past
operations

s Gather and evaluate data to determine the need for interim remedial actions far the sites
e Evaluate the risk to human health and the environment as part of the comprehensive RI
e Assess the feasibilit} of remedial actions for the sites needing further actions

The purpose of this letter report is to evaluate the results of the RI Sampling Program and
sampling from previous investigations, determine whether adequate sampling has been
performed for an R, and recommend further actions at RI sites in this parcel. The remainder of
this report presents the results of past investigations; RI Sampling Program strategy,
procedures, and results; and recommendations for each site.
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Surface soils, subsurface soils, and surface water were investigated as part of the RI Sampling
Program. Surface soil samples (any sample whose lowest depth is 2 feet or less) were taken
both as independent samples and as the upper interval of a s50il boring profile. Thus, surface
soil samples taken as part of a soil boring may have an “SB” designation and are initially
discussed under Subsurface Soil Sampling Procedure (Section 2.2.2.2). However, the results
from that upper interval are presented in the surface soil tables and discussions in Section 3.0.

Site 32: Sandblasting Waste Accumulation Area

1.0 Introduction

Table 1 presents the location and status information for this site.

TasLE1
Parcel 35, Site 32 Information
Remedial Investigation Sampling Program, Defense Distribution Depot Memphis, Tennessee

Parcel Bullding Number RUFSOU  Site Number CERCLA'Stalus

a5 1088 2 iz Rl

'GERCLA - Comprehensive Environmental Response, Compensation, and Liability Act

Site 32 consists of a corrugated-steel shed with a gravel floor located next to Building 1088
(sandblasting area). Three hoppers collect dust from the sandblasting operations and deposit
the dust into 55-gallon drums. The site has been in service since the 1950s. Before Building 1088
and the hopper system were used, sandblasting was conducted on the open ground in the
general vicinity of Building 1087. The site configuration, sample locations, and constituents
exceeding Risk-Based Criteria (RBC) are shown in Figure 1.

2.0 Study Area Investigation

This discussion includes details of the sampling conducted by CH2M HILL for the RI Sampling
Program effarts. The historical data results are included in the following discussions as well;
however sampling strategy and analysis included in the historical reports are not repeated here.

2.1 Previous Investigations

Surface soil samples (5515, 5516, 5517, SS18, 5519, and 5546) collected during the 1990 RI (Law
Environmental, 1990) in the vicinity of RI Site 32 have indicated the presence of metals,
pesticides, polychlorinated biphenyls (PCBs), and polynuclear aromatic hydrocarbons (PAHs).
The RI Sampling Program further defined the extent of these chemicals at the site.
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2.2 Rl Sampling Program

2.2.1 Sampling Strategy

This sampling strategy was developed to evaluate whether releases have occurred to surface
and subsurface soil. For this sampling program, surface and subsurface soil samples were
located during the current RI effort to assess the vertical and horizontal extent of soil
contamination from past activities in this area. At least one sample for each media was
analyzed for target compound list/target analyte list (TCL/TAL) constituents in accordance
with the Operable Unit 2 Field Sampling Plan (CH2M HILL, 1995).

Results from the 1990 RI conducted by Law Environmental indicated heavy metals
contamination at RI Site 32. As a result, sampling was focused around the northern end of
Buildings 1087 and 1088 because the area near the southern end of these buildings was
investigated during the Screening Sites Sampling Program. The locations were selected to
provide a systematic coverage of the area.

2.2.2 Sampling Procedures

This section describes the sampling procedures and laboratory analyses performed for surface
and subsurface soil.

2.2.2.1 Surface Soil Sampling Procedures

With the approval of the Tennessee Department of Environment and Conservation (TDEC) and
the U.5. Environmental Protection Agency (EPA), surface soil samples were collected from
seven locations (SB32A, 5532B, 5532C, 55320, SS32E, 5532F, and §532() at this site (shown in
Figure 1). All surface soil samples were collected from the interval of zero to 1 foot. Surface soil
samples associated with borings are discussed in Section 2.2.2.2. The following details each
sample location:

* Sample S532B was taken 3 feel west and 1 feet south of the northwest corner of Building
1088 Sand Blasting Area.

» Sample 5532C was taken 9 feet east of the northeast corner af Building 1088, Sand Blasting
Area.

» Sample 5532D was taken 10 feet east and 12 feet north of the northeast comner of Building
1087.

« Sample 5532E was taken 10 feet east and 22 feet south of the northeast corner of Building
1087.

¢ Sample SS32F was taken 7 feet east of Building 1087 and 24 feet south of Sample SS32E.
« Sample $532G was taken 7 feet west of Building 1087 and 22 feet south of Sample SB32A.

The surface soil samples were collected using a stainless-steel hand auger. Volatile organic

compound (VOC) samples were collected from the first auger bucket before compositing to
prevent volatilization. Part of the VOC sample was placed in a sealable plastic bag for head
space analysis with a photoionization detector (PID). The results of the head space analyses
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were used to select samples for analysis of the TCL/TAL parameters and Level 3 constituents
of potential concern (COPC) analysis. Even though VOCs were not a COPC for this site, VOC
jars were filled for each sample because one surface sample was required to be submitted for
TCL/TAL analysis based on head space results. The VOC jars were not submitted to the
laboratory for the samples not analyzed for the TCL/TAL.

The remaining soil from each sample was composited in a stainless-steel bowl and then
transferred into the appropriate sample jars. All sampling tools were decontaminated before
each use according to the procedures specified in the Generic Quality Assurance Praject Plan
(CH2M HILL, 1995} for the RI/FS currently being conducted at the DDMT.

2.2,2,.2 Subsurface Soil Sampling Procedures

With the approval of the TDEC and EPA, one subsurface s0il sample (SB32A) was taken at this
site (shown in Figure 1). Sample SB32A was taken 7 feet west and 27 feet south of the northwest
comer of Building 1087 at two depths: 3 to 5 feet and 8 to 10 feet. The sample was located
between Buildings 1087 and 1088.

This subsurface sample was collected using a 2-inch-diameter, stainless-steel, core-barrel
sampler. The entire length of each soil core was screened with a PID for organic vapors before
sample collection so that sampling intervals could be biased toward any contamination
detected by the field screening. Part of each sample was placed in a sealed plastic bag for head
space analysis with a PID. Results of the head space analyses were used to select samples far
Level 3 COPC analysis. The remaining soil from each sample was composited in a stainless-
steel bowl and then transferred into the appropriate sample jars. All sampling tools were
decontaminated before each use according to the procedures outlined in the Generic Quality
Assurance Project Plan (CH2M HILL, 1995} for the RI/FS currently being conducted at DDMT.

2.2.3 Analytical Procedures

All samples were submitted to CH2M HILL's Analytical Services in Montgomery, Alabama for
analysis. Six surface soil and two subsurface soil samples were analyzed for priority pollutant
metals, PAHs, pesticides, and PCBs. One surface soil sample, which exhibited the highest field
head space result, was analyzed for the TCL/TAL parameters. Samples received at the
laboratory were analyzed in accordance with the procedures specified in the Generic Cuality
Assurance Project Plan (CHZM HILL, 1995} for the RI/FS currently being conducted at DDMT.

A data quality evaluation {DQE) was performed to assess the effect of the overall anatytical
process on the usability of the data. The DQE established that the detection of acetone, 2-
butanone, and bis(2-ethylhexyl)phthalate can be attributed to field sampling and laboratory
contaminabion rather than environmental conditions at the site. Also, poor duplicate precision
for metals in the duplicate soil samples should be attributed to poor sample homogeneity as
well as to potentially poor sampling and analysis precision. With exception to the qualifications
listed above, the DQE concluded that data can be used in the project decision-making process.
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3.0 Interpretation of Sampling Results

3.1 Presentation of Results

Sections 3.1.1 and 3.1.2 present results of the RI Sampling Program for RI Site 32. Data are
presented by media for surface and subsurface soil and compared with appropriate screening
criterta in Tables 32-A, 32-B, and 32-C. Data from the 1997 CH2M HILL investigation are
presented along with historical data from the Remedinl Investigations at DDMT, Final Report
(Law Environmental, 1990). If a value from a sampling location exceeds one of the comparison
criteria, that value and the comparison criterion are shown in bold on the summary table.

COPCs are parameters that exceed both background values and the screening criteria. Where
concentrations exceed the selected background value, the concentrations are compared with the
observed range of background values as reviewed and established by the BRAC Cleanup Team
(BCT).

COPCs identified for RI Site 32 include antimony, arsenic, lead, cadmium, and chromium.
Historical parameters of concern detected during the 1990 RI conducted by Law Environmental
include PAH compounds, PCBs, dieldrin, dichlorodiphenyltrichloroethane (DDT), methylene
chloride, and cadmium.

3.1.1 Surface Soil

Results of the surface soils analyses with values above detection limits are shown in Tables 32-
A and 32-B.

3.1.1.1 BCT Screening Criteria

Table 32-A summarizes constituents for which the BCT has selected a screening criteria for
surface soil. COPCs in the surface soil for which the BCT has selected screening criteria values
include the following metals: antimony, arsenic, chromium, and lead. The highest
concentrations of metals were detected in Sample SB32A.

Antimony was detected in Sample SB32A at 22.3 milligrams per kilogram {mg/kg), which
exceeds the BCT (background) value of 7 mg/kg. The 1990 Rl conducted by Law ‘
Environmental detected antimony concentrations up to 30 mg/kg. Arsenic was detected in
Sample SB32A at 42.5 mg/kg, which exceeds the BCT (background} value of 20 mg/kg.
Previous detections of arsenic were below background values.

Chromium was detected in seven samples at elevated concentrations ranging from 45.2 mg/kg
to 915 mg/kg, with the highest concentration detected in Sample SB32A. These concentrations
exceed a health-based RBC (BCT} value of 39 mg/kg and the background value of 24.8 mg/kg.
The 1990 RI conducted by Law Environmental detected even higher concentrations of
chromium ranging from 78 mg/kg to 8,680 mg/kg.

Lead was detected in six samples at elevated concentrations ranging from 563 mg/kg to 4,150
mg/kg, with the highest concentration detected in Sample SB32A. These concentrations exceed
the BCT value of 400 mg/kg and the background value of 30 mg/kg. The previous Rl detected.
even higher concentrations of lead ranging from 2,060 mg/kg to 17,500 mg/kg.
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PAH compounds, including benzo(a)anthracene, benzo(a)pyrene, benzo(b)flouranthene, and
indeno(1,2,3-c,d)pyrene, were found at concentrations exceeding the screening criteria in the
1990 RI conducted by Law Environmental. The observed PAH concentrations were elevaled in
Samples 5516 and S519. PAH concentrations were not detected above screening criteria and
background values in the recent sampling event. PAH compounds appear to exist throughout
the Main Installation, and could be from non-point sources such as railroad tracks, runoff from
asphalt paved roads, vehicular traffic etc., and will be addressed in an upcoming sitewide risk
evaluation. '

Elevated concentrations of PCBs were detected during the previous Rl at concentrations
ranging from 0.095 mg/kg to 10 mg/kg, which exceed the BCT value of 0.083 mg/kg. A
background value for PCB in surface soil was not available for comparison.

3.1.1.2 Other Screening Criteria

Table 32-B summarizes the remaining constituents compared with the screening criteria for
both residential and industnal exposure scenarios. Cadmium was detected at concentrations
that exceed the background values and the residential RBC for soil ingestion. DDT and dieldrin
were detected in the 1990 RI conducted by Law Environmental at concentrations that exceed
the background value and the industrial and residential RBC far soil ingestion.

Cadmium was detected in Sample SB32A at 5.8 mg/kg, which exceeds the background value of
1.4 mg/kg and the residential RBC of 3.9 mg/kg. Cadmium was detected in the 1990 R1
conducted by Law Environmental at 23.4 mg/kg (Sample 5516), 4.7 mg/kg (Sample 5518), and
4.4 mg/kg (Sample 5519), all of which exceed the background and the residential RBC.

DDT was detected in six CH2M HILL samples at concentrations below background and
screening criteria values. However, DDT was detected in one sample (S516) from the 1990 RI
conducted by Law Environmental at 7.4 mg/kg, which exceeds the background value of 0.074
mg/kg and the residential RBC of 1.9 mg/kg.

During the 1990 RI, dieldrin concentrations were detected at 0.11 mg/kg (Sample 5515}, 0.41
mg/kg (Sample 5516) and 0.22 mg/kg {Sample 5519), all of which exceed the background value
of 0.086 mg/kg and the residential RBC of 0.04 mg/kg (Law Environmental, 1990). The
detected concentration in Sample SS516 also exceeds the industrial RBC of 0.36 mg/kg. Dieldrin
was détected below background values in the recent sampling event.

3.1.2 Subsurface Soil

Results of the subsurface soils analyses with comparisons against sereening criteria for chemical
concentration values above detection limits are shown in Table 32-C. Common labaratory
contaminants, bisethylhexyl phthalate, acetone, and methylene chloride, were detected during
the 1990 Rl in subsurface soils at various depths, not in shallow soils. Methylene chloride was
detected in the 1990 RI (Law Environmental, 1990) at 0.021 mg/kg (depth of 78 to 83 feet),
which slightly exceeds the RBC-groundwater protection value of 0.02 mg/kg. Methylene
chloride was not detected in the subsurface soil during the recent RI sampling event. Methylene
chloride is a common laboratory contaminant and may not be site related.
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3.2 Vertical and Lateral Extent

This site is an old paint-stripping facility. All the suspected areas were sampled during the two
sampling efforts. A total of twelve surface soil samples and one subsurface soil sample were
collected at Rl Site 32 in order to characterize potential releases from the site. Based on the data
collected so far, the observed contamination is limited to the surface soils, and no leaching is
apparent. COPCs (antimony, arsenic, chromium, lead, and cadmium) and historical parameters
of concern, including PAH compounds, PCBs, and pesticides, were detected in the surface soil
at elevated concentrations. Methylene chloride, a common laboratory contaminant, was
detected in the subsurface soil during the 1990 RI (Law Environmental, 1990).

Elevated concentrations of antimony, arsenic, chromium, and lead were detected in the surface
soil at Sample SB32A, taken east of Building 1088 and west of Building 1087. Detections of
chromium and lead at this boring were greater than ten times the screening level values.
Furthermore, chromium and lead were detected at high concentrations in the other surface seil
samples (5532B, 5532C, 5832D, and 5532G). These samples were taken west of Building 1088 on
the north end (Sample S532B), at the northwest corner of Building 1087 (Sample 5532C),
southeast of Building 1088 (Sample S532G), and east of Building 1087 an the north end (Sample
$S32D). The concentrations of chromium and lead detected in Samples SS32E and SS32F were
within the background value range. These two samples were taken east of Building 1087, just
south of Sample 5532D. Concentrations of these metals and PCBs appear to be higher in the
sampling areas investigated by Law Environmental, however nature of the contamination is
similar across the site, indicating it could be from site-related paint removal operations.

PAH compaunds were detected in Samples S519 and S516 at elevated concentrations during
the 1990 RI conducted by Law Environmental. Sample 5519 was taken north of Building 1088,
and Sample 5516 was taken east of Building 1088 on the southemn end (west of Building 1087).
The detected concentrations ranged from 1.2 mg/kg to 4.6 mg/kg. Note that Sample SB32A
was taken in the same vicinity as Sample SS516, and there were no elevated detections of PAH
compounds above background values.

DDT and dieldrin were detected at elevated concentrations in Samples S515, SS16, and $519
from the 1990 RI (Law Environmental, 1990). DDT, dieldrin, and other pesticides were detected
in most of the CH2M HILL samples but not at concentrations above screening criteria values.
PAH compounds, DDT, and dieldrin are found in surface soil throughout the Main Installation
and will be addressed in an upcoming sitewide risk evaluation.

PCB compounds were detected at elevated concentrations in Samples 5515 and S517 from the
1990 Rl (Law Environmental, 1990). Samnple SS15 was taken a few hundred feet south of
Building 1088, and Sample 5517 was taken near the southwest corner of Building 1088. The
recent RI samples did not detect any PCB compounds, but the samples were collected north of
the 1990 RI samples (5515 and S517). Screening Site 33 samples, however, were collected near
the 1990 RI samples, and concentrations of PCBs were not detected in these samples either. PCB
compounds appear to be concentrated in the area south of Building 1088, as observed in the
historical data only.

[t appears that the surface soil at this site is contaminated with metals due to sandblasting
activities. The extent of arsenic and antimony contamination in the surface soil appears to be
defined at Samples SB32A and 5516, which were taken adjacent to each other. No other
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exceedances of antimony and arsenic were detected in the surface soil samples at this site nor
the screening site samples taken near the site. The lateral extent of chromium and lead
contamination in surface soil at RI Site 32 appears to cover the entire site. There were
exceedances detected in most of the outer limit samples, including Screening Site 31 and 33
samples taken just south of the sile.

The vertical extent of contamination has been defined because contaminants observed in
surface soils have not leached to the subsurface soil.

3.3 Potential Migration Pathways

Arsenic exists at several sites on DDMT in surface soils at concentrations above screening
levels. Arsenic’s mobility and toxicity are tied to its complex geochemistry and its ability to
readily form soluble complexes. Arsenic may also readily be adsorbed onto clays, oxides, or
humic organic material and may migrate as suspended s0il in surface water or as a sediment.
Arsenic can exist in four common oxidation states, and these control its solubility. It readily
transports through aquatic environments as a dissolved salt or as a complex with an organic
compound.

Chromium has been reported from surface and subsurface soils at DDMT in concentrations
greater than the screening levels. Chromium occurs in two oxidation states: +3 and +6. The
trivalent form, which is of little risk, readily combines with aqueous hydroxide to form
insoluble chromium hydroxide. The hexavalent form is soluble and tends to stay in solution,
unless some activated carbon material is present for it to sorb onto. Dissolved chromium is
readily adsorbed onto sediments but may be bicaccumulated through aquatic organisms.

Lead is present at concentrations greater than background, or above screening criteria, in
surface soils, subsurface soils, and sediment at DDMT. Lead is moderately soluble and
potentially can be leached from any of these forms of occurrence, reaching concentrations in
aqueous solution in both groundwater and surface water that would be of concern to both
human and ecological receptors. Additionally, lead in surface soils and sediment potentially
may move as suspended particulate matter in surface waters and impact aquatic organisms.

Benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, benzo(b)fluoranthene, and
indena(1,2,3-c,d)pyrene—-a group of related, long-chain PAHs—have similar chemical and
physical characteristics and tend to migrate and behave in the environment in a similar
manner. Generally, these compounds have low vapor pressures, are only marginally soluble in
water, and have a high affinity for soils. All of these compounds have been detected at
concentrations above screening values for surface soils at DDMT. They would be expected to
migrate as adsorbed components of the soils and would potentially be available to aquatic
organisms in turbid surface water or to bottom feeders in areas with contaminated sediments.
That none of these compounds was detected in sediments indicates this is not a major source of
contaminant migration for these compounds at this site. These compounds do not
bioaccumulate significantly due to their rapid metabolism and excretion by most aquatic
organisms.

PCBs, as a group, are relatively insoluble in water; therefore, they tend to migrate primarily
through physical transport such as erosion via surface water. At DDMT, PCB-1260 has been
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detected at concentrations of concern in surface soils. This material is subject to migration either
via wind action or surface water transport, and the PCB would be present as an absorbed
chemical on the clay platelels that compose the seil. This material could potentially be ingested
either by breathing contaminated dust or by aqueous organisms exposed to turbid water or
bottom feeding of contaminated sediment.

DDT and two of its degradation breakdown products, DDD and DDE, exist in subsurface soils
at DDMT; these products should not be mobile in this environment. These compounds have an
extremely high affinity for soil and are essentially insoluble in water. As long as they are buried
and the potential for direct contact is contralled, the potential to migrate is minimal. Should soil
contaminated with these compounds be uncovered, they potentially would be able to be moved
through wind action and/or as suspended material in surface water. DDT also was reported in
sediments at two sites on DDMT, indicating migration via this pathway has occurred. These
compounds can bioaccumulate and become more concentrated as they move up in the food
chain and could potentially affect receptors via this migration pathway.

Dieldrin exists at DDMT in surface and subsurface soils. Since this compound is only minutely
soluble in water, its most likely migration pathway at this site is via erosicn as suspended soil
particles in the surface water where it patentially would be available Lo aquatic organisms.
Dieldrin in the subsurface soils should be relatively immobile and not impact groundwater

quality.

A site-specific fate and transport evaluation of these chemicals will be included as part of the RI
report.

3.4 Additional Data Needs

Potential risks associated with metals found at high concentrations requires further risk
evaluation without additional sampling. The site has surface soils with metals (chromium and
lead) well above the comparison criteria. Available data are considered sufficient to perform
this analysis, and no additional data collection is required.

Subsurface soils samples indicate leaching has not accurred at the site, and deep soils are free of
contaminakion.

Additional data may be needed to support the risk evaluation for dieldrin or PAH compounds.
4.0 Interpretation of Screening Criteria Comparisons

4.1 Methodology

The Preliminary Risk Evaluation {(PRE) was performed in accordance with the Guidance on
Preliminary Risk Evaluations for the Purpase of Reaching a Finding of Suitability to Lease (FOSL)
(EPA Region IV, 1994). A discussion of the PRE methodology in provided as Appendix A to
this document.
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@ 4.2RiSite 32 Risk

Carcinogenic and noncarcinogenic risks for Rl Site 32 are presented in Table 4-66 of the draft
PRE (United States Army Engineer Support Center ([USAESC, 1998]), and detailed chemical-
specific estimates are presented in Appendix A of the PRE.

The PRE risk ratios were well above 1 in a million levels for both the industrial and residenlial
scenarios, primarily from the presence of arsenic and a PAH compound.

The noncarcinogenic PRE ratic was below a value of 1.0 for the industrial scenario and was
above 1.0 for a residential scenario due to the presence of metals, chromium and lead. Lead
does not have toxicity value, however the generally acceptable RBC values of 400 mg/kg for
residential and 1,000 mg/kg for industrial criteria were exceeded.

5.0 Summary and Recommendations

5.1 Summary

There are risks associated with RI Site 32 because arsenic, chromium, and lead exist above
background levels. The observed metals concentrations are related to the site operations of
painting and sand blasting.

: According to Table 5-2 of the PRE, results indicate that the carcinogenic risk ratio is above one
. in a million for both the industrial and residential scenarios primarily from the presence of
arsenic and a PAH compound. The PRE results also indicate that the noncarcinogenic
residential ratio is above 1.0 due to the presence of metals.

5.2 Recommendations

Due to the significantly elevated levels of metals in the shallow soils, RI Site 32 has been
identified for some type of remedial action for soils (BCT, 1997). An Rl including a risk-based
evaluation for human and ecological end points should be performed. Further comparison of
the background population with the data collected from RI Site 32 is needed to determine if
further action is required at this site. Available data (including data from other sampling
events) are considered sufficient to perform this analysis, and no additional data collection is
required.
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Acronyms

BCT
BRAC
CERCLA

corc
DDMT
DT
DQE
EPA
FOSL

ft'

FS
mg/kg
ou

PAH
PCB

PID

PRE
RBC

RI
TCL/TAL
TDEC
USAESC
vOC

BRAC Cleanup Team

Base Realignment and Closure

Comprehensive Environmental Response, Compensation, and Liability
Act of 1980

constituent of potential concern

Defense Distribution Depot Memphis, Tennessee
dichlorodiphenyltrichloroethane

Data Quality Evaluation

United States Environmental Protection Agency
Finding of Suitability to Lease

square feet

feasibility study

milligrams per kilogram

Operable Unit

polynuclear aromatic hydrocarbon
polychlorinated biphenyl

photaionization detector

Preliminary Risk Evaluation

risk-based criteria

Remedial Investigation/Feasibility Study

target compound list/ target analyte list
Tennessee Department of Environment and Conservation
United States Army Engineer Service Center
volatile organic compound
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3.0 Preliminary Risk Evaluation (PRE)
Methodology

3.1 Introduction

[nitial draft letter reports, which included a screening evaluation of the data collected, were
prepared for all sites identified at the Defense Distribution Depot Memphis, Tennessee
{DDMT). These data included samples cotlected as part of the Sereening Site (SS), Base
Realignment and Closure (BRAC), and Remedial Investigation (RI) sile characterization
efforts. The purpose of this evaluation was to evaluate whether sites have contamination at
levels that would require further investigations for protection of human health and the
environment. During the BRAC Cleanup Team (BCT) meetings, the United States
Environmental Protection Agency (EPA) and Tennessee Department of Environment and
Conservation {TDEC) suggested using a risk evaluation methodology from the Preliminary
Risk Evaluation (PRE} guidance (EPA, 1994) to reach Findings of Suitability to Lease (FOSL)
conclusions at these sites. This document presents the findings of the PRE as well as
recommendations concerning whether the site can be used for industrial, residential, or
other purposes while being protective of human receptars. Ecological receptors do not drive
the site management decisions at this site due to the highly industrialized nature of DDMT.
Ecological risk assessments were therefore not performed as part of this PRE.

3.2 PRE Methodology and Screening Criteria Selection

The PRE methodology (EPA, 1994) identifies a screening protacol to evaluate sites, which is
accomplished by preparation of tables that compare the site concentrations with designated
screening concentrations, generally the Region III risk-based concentration values.

The tables also present a risk ratio between the maximum concentration reported and the
screening values. For carcinogens, these ratios are multiplied by 10°, thus providing a risk
estimate. For systemic toxicants, the risk ratios provide an estimate of the non-cancer
hazard. The risks calculated for the individual chemicals are summed to estimate the
aggregate risk at each sample station.

This guidance was applied to the DDMT sites as follows:

» Thecriteria used for PRE were selected from the EPA Region IIT Risk-Based
Concentration (RBC) tables (EPA, 1997).

« A PRE was conducted for each sampling point at a site. The maximum sample-station-
specific risk associated with a site was used in the risk evaluation. In addition, the
average of the sample risks was provided for each site.

¢ Maps of sample-specific PRE values were prepared that provided geographical
distribution of the contamination across each site as well as across the entire DDMT
Main Installation. Sediments and surface water ratios were also calculated using
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EPA Region IV ecological screening values. These are presented only in Appendix A,
and are not included in the site discussions.

e Both industrial worker exposure-based and residential exposure-based PRE risks were
calculated.

A risk ratio was not calculated (assumed to be "0”) where a chemical was detected below
the background concentrations (see Section 3.3.1).

There is no potable groundwater use at the site. There are no known groundwater users of
the uppermost aquifer in the downgradient areas of the site. The risk ratios based on
comparisons of groundwater concentrations with conservative potable water criteria are
used because the screening level effort is designed to provide a conservative screening
evaluation.

Because most of the DDMT facility is well developed and has been industrial for a long
period of time, there are no ecologically sensitive habitats present within the Main
Installation of the facility. Thus only human health protection-based evaluations were
conducted for the PRE evaluation discussion in Section 4.

3.2,1 Background Criteria

The background criteria for inorganic constituents are the two-times mean values estimated
in the Background Sampling Program Technical Memorandum (CH2M HILL, 1996). All of
the sample results were compared with background values for the naturally occurring
inorganic constituents. The background values were obtained from the corresponding
media, and the detected concentrations were statistically evaluated to estimate the mean
concentration.

Some of the background values included in this drafi report have since been modified ta
account for more conservative evaluation of the background. The modified values were
calculated by eliminating outliers in the data sets or removing background samples taken
from the DDMT perimeter. The DDMT perimeter samples may be influenced by pesticide
application, which would bias the natural background levels to higher values. The new
background values have been proposed to the BCT, and the values subsequently approved
by the BCT were used as the background values in this report. A PRE risk ratio value was
not calculated when a chemical did not exceed the background.

According to EPA Region IV guidance, two times the mean, or upper 95 percent
concentration (anly for selected organic chemicals) was considered as the background
concentration and used for comparison with sample-specific detected concentrations at
each site and for soil and groundwater.

A chlorinated hydrocarbon pesticide, dieldrin, was detected across the site at DDMT as well
as in some of the offsite background samples. A technical memorandum was prepared for
the BCT review, analyzing the statistical significance of the detected dieldrin compared to
the background (see Appendix B). All data from the site were divided into three sub-groups
based on the type of land use and compared against the background. In accerdance with
this statistical evaluation, dieldrin was not a chemical of potential concern (COPC) in the
railroad tracks and open storage areas of the site. It was a COPC at all other areas of the site
including the Golf Course and surrounding areas, and warehouse areas. A concentration
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above 0.5 milligram per kilogram (mg/kg) in the golf course area indicates an exceedance
above background dieldrin levels, and a similar concentration for the warehouses area is

1.3 mg/kg, as per the statistical evaluation. As a conservative measure, (.5 mg/kg is used as
a cut-off point in this screening level effort. The site-specific discussion is included in
Section 4.0.

3.2.2 Residential RBCs

Residential RBCs are the target screening crikeria protective of human health under
residential exposure assumptions. These values are calculated by EPA Region III to be
protective against ingestion intake only. Each detected surface soil concentration was
compared against these criteria. A carcinogenic and noncarcinogenic ratio was calculated in
separate tables in accordance with the PRE guidance. An average risk per site and a sample
representing the maximum risk at a site are presented in these tables.

The groundwater RBCs are the values selected from EPA Region Ill RBC tables. Data from
each individual well were compared with these criteria.

3.2.3 Industrial RBCs

Industrial RBCs are the target screening values protective of industrial worker exposures.
These values are calculated by EPA Region III to be protective against ingestion intake only;
however, the EPA (1994) prescribes use of the Region I risk-based criteria in the PRE
caleulation. Detected chemicals from surface soil were compared against these criteria.
Detected chemicals from each sample were also compared with these worker protection
criteria for risk management decisions at sites that will continue to be used as industrial
facilities. Both carcinogenic risk ratios and noncarcinogenic PRE ratios were calculated
separately following PRE guidance.

A well-specific risk ratio and noncarcinogenic PRE ratio were calculated for groundwater as
per the guidance. An industrial scenario was evaluated using the residential water RBC
values divided by 0.25 for volatile organic compounds (VOCs), 0.5 for all other chemicals.

In summary, constituents that were detected at a site, but not exceeding the background or
PRE risk ratio above 1 in a million (10} or a ratio of 1.0 for systemic toxicants are
considered unimportant or not significant.

Whenever an inorganic chemical is presenting a risk ratio above one in a million or a
Hazard Index (HI) above a value of 1.0, yet the chemical is naturally occurring and the
observed concentrations are close to background levels, the ratio exceedance was not
considered critical for the following reasons:

¢+ These chemicals are naturally occurring and the concentration ranges could be similar to
the site concentration ranges, and a point comparison cannot account for the upper
levels in the background, which can be similar in concentrations ta the site

* Several of these chemicals are not very toxic and are nutritionally essential to human
health

* No apparent site-related activities involving these chemicals—and for—

» Ratios were exceeded only for the residential scenario

SANMWPRHIG2B2/APPEND_A.DOC . 3




DRAFT 309 218

An additional data interpretation not strictly based on the risk ratios is used for dieldrin at
the site. Dieldrin was statistically evaluated for its distribution across the site compared to
the background (see Appendix B). It is considered a COPC in the Golf Course area and its
surrounding parcels, and in the parcels around the warehouses, if concentrations exceed
0.5 mg/kg.

3.2.4 Data Evaluation

Inorganic chemical lead does not have an existing toxicity factor. It is regulated by the EPA
based on blood lead uptake in the exposed individuals, which accounts for multiple sources
for exposure {e.g., from food) in addition to the environmental media. Lead levels are
considered “safe” by most regulatory agencies under residential exposure conditions at 200
to 400 mg/kg, and under industrial exposure conditions at 1,000 mg/kg. The drinking
water action level for lead is 15 micrograms per liter (ig/L). Therefore because lead is not
classified as either a carcinogenic or noncarcinogenic chemical, lead concentrations from
DDMT are compared with these criteria and PRE ratios are included in both carcinogenic
and noncarcinogenic tables.
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