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1. Introduction

This Work Plan presents the scope of work for conduct]ng a sml mvestagation in the vlomty
of the former pentachlorophenol (PCP) DIp Vat [Screenmg Site (SS) 42] on the 
Installation (MI) within the Defense Dlstrthulaon Center (Memphis), referred to as 
Memphis Depot (see Figure 1-1). This Plan has been prepared for the U.S. Army Corps 
Engineers (USACE), Huntsville Center in support of site actavltaes led by the Defense
Logastacs Agency (DLA). The support]ng regulatory agencies include the U.S.
Environmental Protecbon Agency (EPA) and the Tennessee Department of Environment
and Conservation 0qgEC). Together, DLA, EPA, and TDEC constitute the Base Realignment
and Closure (BRAC) Base Cleanup Team (BCT).

A Long Term Operat]onal Area (LTOA) assessment for the MI was conducted from
September to December 2001 to evaluate groundwater downgradlent of known or suspected
htstorlcal LTOAs where hazardous materials were used or stored, as identified by
TDEC. Based on this LTOA study, TDEC mdicated that addlt]onal stud|es, including soil
samphng and data modeling, as necessary, were reqmred to effect closure of the PCP Dip
Vat site.

The purpose of this Work Plan Is to document the proposed samphng and analysis
procedures for evaluabon of potent]al PCP and reduct]ve degradat]on product
concentrations in subsurface softs m the vicinity of the former PCP Dip Vat. This Plan also
mcludes procedures to evaluate the possible threat to groundwater and human health posed
by soft contammat]on through fate and transport modehng calculabons, ff necessary. The
Plan also presents a description of reporting requirements, health and safety requirements,
and a prolect schedule

1.1 Soil Investigation Objectives
The overall objective described in the Statement of Work (SOW) is to conduct sod sampling
and analysis m the wc|mty of the former PCP Dip Vat. Specifically, this study is focused on
evaluating the presence or absence of PCP and PCP degradat]on products, which have been
identified as posing risk to human health, m the loess deposits underlying the site.
Apphcable degradation products include those hsted on EPA’s 2002 Region 9 Preliminary
Remediation Goals (PRGs) table, m the Integrated Risk Information system (IRIS) database-
http://www.epa.gov/mnswebp/mris, or m the Health Effects Summary Tables (HEAST-
http://www epa gov/radmt]on/heast). The only degradation products identified were
2,3,4,6-tetrachlorophenol (TeCP), 2,4,5-trlchlorophenol (TCP); 2,4,6-TCP; 2,4-dlchlorophenol
(DCP); 2-chlorophenol (CP); and phenol; these parameters are summarized in Sect]on 
this Plan.

This project Is reqmred by TDEC to assess whether any contamlnat]on ex|sts above levels
protective of human health and the enwronment. Assuming that such contamination is
present m the sod, the data wdl be evaluated using vadose zone fate and transport modehng ,
to define the potential impact to groundwater. To evaluate the potential risk to human
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health posed by PCP and apphcable degradahon products m soil, concentrations detected

during this inveshgation will be compared to the 2002 Region 9 Preliminary Remedlation
Goals (PRGs) for surface and subsurface soils; these are discussed further m Seclaon 

Dloxms and furans, wfuch are typically associated wRh PCP operahons, are not bemg
addressed m this Work Plan. As discussed m the MI Sod Feasibility Study (FS), (CH2M
HILL, July 21~0), 2,3,7,8-tetrachlorodlbenzo-p-dloxm (TCDD) and tetrechlorodtbenzofurans
(TCDFs) are common m urban environments, concentrahons detected in the Memplus

Depot softs are similar to those found m other background condlhons. Durmg the RI (CH2M
HILL, January 2000), TCDD was ldenhfmed as a chemical of potenhal concern (COl’C) m soft
at Funchonal Unit (FU) 4 because the total TCDD eqmvalents within soil at were slightly
above background. However, the total TCDD equ|valents were below the I part per bdhon
(ppb) achon level set by EPA, which Is an Apphcable or Relevant and Approprmte
Requirement (ARAR) (EPA, October 1988). Therefore, TCDD was not selected as a chemical
of concern (COCO in sod in the FS.

The spec|fic oblechves of th|s soil inveshgahon are:

¯ Advance soft borings within the former PCP Dip Vat area; collect composite soft samples
for analysis to determine the presence or absence of PCP contammatlon.

¯ Evaluate whether concentrahons of PCP, or reducbve degradalaon compounds, in sod
pose a threat to groundwater usmg soil screenmg calculahons and fate and transport
modelmg.

¯ Incorporate the fmdings mto a Technical Memorandum (TM), includmg future
recommendataons.

1.2 Site History and Background
The former PCP Dip Vat area (SS 42) is located m BRAC Parcel 33 m FU 4 on the MI. The site
is adlacent to SS 43, the former Underground PCP Tank area, and to the southwest of SS 46,
the former Pallet Drymg area. Figure 1-1 presents a site locahon map, and Figure 1-2
presents the s~te layout. Sites SS42 and SS43 are located in the wclmty of Bufldmg 737, the
Entomology Shop. SS46 is located m the center of the MI, south of Building 720, as shown on
Figure 1-3.

Begmnmg in 1952, Depot personnel treated wood products, particularly pallets, m a metal
shed, also known as the Dip Vat Building. The wood was treated with a product called
POL-NU, consisting of approximately 11 percent PCP, contained in a 5,000-gallon Dip Vat.
After the pallets were treated with the PCP product, they were dried in open storage areas
(5,5 46). A 12,000-gallon underground storage tank (UST), south of Bulldmg 737, was used 
store addmhonal PCP hquid. In 1971, when it became more economical to purchase pre-
treated pallets, use of the vat on a regular basis was dlsconhnued

In August 1985, a sample of the hquid PCP was collected from the Dip Vat; results indicated
the sample contained 15.5 percent PCP. Consequently, OH Matermls (OHM) conducted 
extensive sod sampling event to dehneate site contammahon. A longltudmal samphng grid
was constructed across the Dip Vat area and around the Building 737 area; samples were

ATLH ITASK ~ 01 - FCP DIP VAT WORK PLAN’,REV 1 PCP DiP VAT WP, TEXT~EV I_PCP OIP VAT WP DOC 3
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Source: On-Site Remedial Actlvtles at the
Defense Depot Memphis. OHM, 1986

Note: The sump associated with the former
PCP D=p Vat was removed during the sot1
excavation in 1985 The sump assoczated with
Building 737 was filled and abandoned =n the
eady 1990’s. The purpose of the Buzld=ng 737
sump was to collect spilled material =nto the
building for recoupment, however, no spdls
occurred and the pump was never ut=hzed

Figure 1-2
Site Layout

PCP Dip Vat Investigation
Memphis Depot Main InstallattonCH2MHILL
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taken at 5-foot intervals to a depth of 35 feet (ft) Soil contamination was identified as being
the greatest in a 20-foot long area to the north of the Dip Vat and drain pan, to a depth of 25
ft. Addlbonally, soil samples were collected in the six areas suspected of receiving the
PCP/waste od mixture. Seven soil samples in the PCP Dip Vat and Storage Tank areas were
analyzed for PCP; other soil samples were analyzed for dloxms and furans. Analytical
results are summarized in Table 1-1. Soft boring locations are presented on Figure 1-4.

Based on the results of the soil investigation m 1985, OHM removed the PCP Dip Vat, the
PCP UST, the associated pump house and sump, and approximately 602 cubic yards (cy) 
contaminated soil, w~ch had total dloxm and furan concentrations exceeding 200 parts per
billion (ppb). The Dip Vat Building was also disassembled and removed. During the UST
removal, the structural integnty of the tank was determined to be sound. However, leaking
was discovered at six iomts between the pump house and the tank and between the pump
house and the Dip Vat

SOIl in the Dip Vat and UST area was excavated to depths between 2 and 14 ft below land
surface (ft bls). According to the OHM report on the removal, per agreement between the
U.S. Army, EPA Regmn 4, and the State of Tennessee Department of Health and
Environment, the soil excavation was conducted to a depth of 10 ft m the immediate Dip
Vat area, although soil contamination was detected below the excavatmn (OHM, February
1.986). Three inches of surface soft were removed in an area to the east of the former Dip Vat
area; this area and the surface of the former PCP Dip Vat and the PCP UST are currently
covered by concrete. Four to 6 inches of surface soil were removed in an area north of the
Dip Vat Budding. The soll excavation pit was backfilled with native sod and crushed stone.
The limits of the excavation are presented on Figures 1-5 and 1-6. The former Pallet Drymg
area was covered by 8 to 10 inches of gravel.

In 1989 and 1990, Law Environmental conducted a remedial investigation (RI) for the
Memphis Depot (Law, August 1990) One surface soil sample (SS-47) was collected in 
vlcimty of the former Dip Vat area, to the north of Building 737. Three subsurface soft
samples (19 ft bls, 26 ft bls, and 102 ft bls) were collected from boring STB-4, located to the
west of the former Pallet Drymg area. Neither PCP nor degradation products were detected
m any of these samples The samphng locations are presented on Figure 1-3.

CH2M HILL reported on the results of a RI for the MIm 2000 (CH2M HILL, January 2000).
The RI report presented results from samphng events conducted between 1996 and 1998. As
part of the screenmg site sampling program, five surface soft samples were collected and
two subsurface soil borings were advanced at each of the three PCP sites (SS 42, SS 43, and
SS 46) in December 1996; surface and subsurface soil samples were collected m each boring
(CH2M HILL, March 1998). Of these soil samples, PCP was analyzed in one surface soil
sample (SS-43C) and two subsurface soil samples (SB-42A and SB-43A) in the wcmity of 
former PCP Dip Vat and Storage Tank areas. PCP was analyzed m one surface sod sample
(SS-46E) and one subsurface soil sample (SB-46A) in the former Pallet Drymg area.
Analytical results are summarized in Table 1-1 and soil bormg locations are presented on
Figure 1-3 No samples were collected In the immedmte vicinity of the PCP Dip Vat site
during 1998 R1 Inveshgabon activities.

ATLH flASK WP 01 - PCP DIP VAT WORK PLAN~REV | F’CP DtP VAT WP~XT~REV t _PCP OIP VAT WP IOOC 6
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TABLE1-1
Summary of PCP Concentrat=ons in Sod at the Former PCP Dip Vat Area
Memphts Depot, Memphis Tennessee

Boring [D Sample ID Date Sample PCP Comments
Depth (ft Concentration

bls) (mglkg)

Not 3057-126 October 1985 1 NO East wall of storage tank area
Applicable excavaben, composde sample

Not 3057-127 October 1985 5 ND North wall of storage tank area
Applicable excavation, composite sample

Not 3057-128 October 1985 14 ND Bottom of storage tank area excavation,
Applicable after tank removal, composite sample

3 3057-194 November 1985 10 2400 Soil excavation conducted to depth of
10 feet =n bedng iocabon, poring may
have been removed

Removed dudn9 excavation6 3057-205 November 1985 5 2 2

25 3057-230 November 1985 20 2400

33 3057-238 November 1985 10 ND

STB-4 STB4-1 MarchlApn11989 19 ND

STB-,4 STB-4-2 March/Apn11989 26 ND

STB-4 STB-4-3 March/Apn11989 102 ND

SS-47 LAWSS47 October 1989 0-1 ND

SS-43C SGB079 December 1996 0-1 ND

SS-46E SGBO8O December 1996 0-1 ND

SB-42A SGB143 December 1996 8-10 470 J

SB-43A SGB145 D~:embe¢ 1996 0-10 ND

SB-46A SGB146 December 1996 8-10 ND

SB-105 MW-105-83 October 2001 83 ND

SB-105 MW-105-92 October 2001 92 ND

SB-105 MW-105-97 October 2001 97 ND

SS-105 MW-105-10.30 October 2001 10-30 0003J

SB-105 MW-105-30-50 October 2001 30-50 ND

SB-105 MW-105-80-70 October 2001 50-70 ND

SB-105 MW-100.70.90 October 2001 70-90 ND

SB-105 MW-105-90-107 October 2001 90-107 ND

Analyzed for SPLP

Analyzed for SPLP

Analyzed for SPLP

Analyzed for SPLP

Analyzed for SPLP

Notes=
So~[ samples collected in 1955, as part of on-site remedial actlVlbeS by OHM, were not reviewed for quahty control and are
considered cons=stent with Level It data

2 There are no repotted detected concentrations of PCP breakdown products tn h=stodc soil samples m the PCP dtp vat area See
Section 3 of this report for a description of PCP daughter products

J eshmated value
ND not detected
SPLP synthetic preclpr~ation leaching procedure

A~ ITASK WP 01 - FCP DIP VAT WORK PLAN~EV 1 PCP DIP VAT WPffEX~REV I_PCP DIP VAT WP DOC 7





753 12

[~-~S’ ~ SOUTH END TAPE.RING
GROUND LEVEL (~ DITCH

~-~ 2’ AVERAGE

~ 3’ AVERAGE.

~ 10’ AVERAGE

~. * 14’ AVERAGE

TO

N

I0 5 0 I0
I I I ! 0

FEET ~ ~
m

Source: O~-$1te Remedial ActlvtJes at the

Defense Depot Memphis, OHM, 1986

-I
O
;o

G)
nl

{3

m

::.:::: ~ ::...:::
FORMER CHAIN ~ ~ "°~’~::~i:

LINK FENCE FEED LaNE Ji~:~’~.~[

......
’̄. :... .... :. -_~ .:.o~’. -...

¯ ....~. ¯ .... ...~ ~
:.-...i :.
¯ . . ¯ : : "... ; ¯ .*

CH2MHILL

.-- j-

1 I’~ I

’~*::-k~*::,;l iT:: ;’ii~L j ill

~!!!:E:iiiiE:!:!!!’~:!ii’i

:::::::.:: ’:::::;~:.:;::.::

:::::.’:::iY :i:: ........................ I:’’"::O

ii~i~i!ili2~’~Yi:!i:i:~’i
::::;.*:,:}:: ~O;,~ ........

i!:~!!’:..~.~ I:!b.!~i

’::i:~i E!’ ~i "! :::i:.:
::..:.: : ’ <: 1’:" .’

~:EFi "i::..~:!’1 .~,~c
....... : :.:-:" L **:: I

,::..:": i’:,.::,::::, O

::,::*:*::1, .; ,:{:;.’i::
........ I ..... , .....

LiP OF
DITCH

:¢>

Figure 1-5
Extent of Soil and UST Excavation (1985)

PCP D~p Vat Investigation
Memphis Depot Main Installation

E~62003026ATL I ~en~hm 103 a



cad
CX)0-)

I
0

C~
E

n~
Q

a
G)

<

E

@
C~

o
k;

C)

753 13

-~ ._~- ~ I
>a_

o

Q)

d~
2

o

0
.-I



753 14

A soil and groundwater samphng event was conducted at the MI in 2001 to evaluate
groundwater downgradlent of known or suspected historical LTOAs on the MI, where
hazardous materials were used/stored, as identified by the TDEC. Soft samples collected
from boring SB-105, which ts south of the former PCP Dip Vat, were analyzed for PCP (see
Figure 1-4). Three discrete sml samples were collected from the boring and analyzed for
semwolatile organic compounds (SVOCs), with PCP being the target analyte. Five
composite sod samples were collected from the boring and analyzed for leachable SVOCs
via the synthetic precipitation leaching procedure (SPLP) Samphng depths and analytical
results are summarized m Table 1-1. F’CP was not detected m any of the discrete soft
samples Only the compos*te soil sample from 10 to 30 ft bls had a detectable, estimated
concentration of PCP (0.003J mflhgram per hter ling/L]). No other samples contained PCP
or any other chlorophenols above laboratory detection hmRs (CH2M HILL, July 2002).
Based on historic samphng results, additional soft samphng was recommended by TDEC in
the vicinity of the former PCP Dip Vat.

1.3 Geology and Hydrogeology
The soil investigation will be conducted within the loess geologic umt, the uppermost
geologic unit at or near ground surface m the Depot area. The loess-eohan deposits consist
of silty clay, clayey silt, and fine sandy clayey silt. Th|s unit is described as a continuous,
brown to yellowish, low-plasticity clayey silt 0VIL) or low-plasticRy silty clay (CL). On 
MI, the unit ranges in thickness from 6 ft at MW-25 to about 43.5 ft at MW-38, with an
average thickness of 28 ft. Four samples have been collected from th|s umt for an analysis of
physical properties. Atterberg Llrmts analyses (hqmd hrmt average = 35 and plasticity index
average = 15) and gram size analysis (average 96.8 percent passing the No. 200 sieve)
indicate a lean clay classification (Law, August 1990).

The loess deposits overhe the fluvial deposffs, m which the fluwal aquifer exists under
unconfmed conditions. The average depth to the water table of the fluv|al aquifer is 87 ft
below land surface (lois) (CH2M HILL, January 2000). Aquifer thickness m the fluwal
deposits ranges from less than 1 foot the northwest corner of the MI to as high as 57 ft m the
west central portion of the M] Groundwater flow in this aquifer ts variable but is pnmardy
southwest, south, and southeast. Figure 1-7 presents the most recent interpretation of the
potentiometrlc surface underlymg the MI in July 2003.

The fluvial aquifer is typically underlain by a clay-rich umt that occurs beneath most of the
M1. This upper clay of the Jackson Formataon/Upper Claibome Group does not appear to be
present at the base of the fluwal deposits in the northwestern part of MI. The MI RI
concluded that clay-rich umts (clay or clayey sand) occur m the Jackson Formation/Upper
Clalbome Group at variable elevations, and also are highly variable in thickness. The
Memphis Sand aquifer is separated from the overlying fluvial aquifer by umts of the
Jackson Formation/Upper Claiborne Group. The Memphis Sand is the source of water
supply for the City of Memphis.

AILH ITASK WP 01 - FCP DIP VAT WORK PI.~ 1 PCP DIP VAT WI~X~REV 1 _FCP DIP VAT W’P DOG t I
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1.4 Work Plan Organization
This Work Plan is orgamzed into the following sections:

Section 1.0 Introduction includes a discussion of the Work Plan structure, project objectives,
and site background.

Section 2.0 Sampling and Analysis provides the procedures and protocols which will be
followed for collecting and analyzing soil samples, sets forth the data quality objectives
(DQOs), and describes eqmpment and materials to be used. It also addresses all field
sampling, waste characterization, and samphng and analysis acbvdles.

Section 3.0 Data Analysis and Interpretation describes the procedures that will be used to
analyze and interpret data. This section also includes a "decision tree" regarding the
pathway from soft sampling and sample analysls to future deoslons

Section 4.0 Health and Safety describes how the Health and Safety Plan wdl address the
hazards associated with the soil mvest~gatlon.

Section 5.0 Reporting and Schedule describes the preparation of a TM documenl~ng the
results of the soil investigation and data analysis The schedule indicates the planned
starting and ending dates for the tasks outhned m the work assignment

Section 6.0 References lists the documents cited m this Plan

A]I.H ~TASK WP 01 - PCP DiP VAT WORK PLAN~ 1 PCP DIP VAT WP~TEXT~REV 1 _PCP DIP VAT WP DCK: 13
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2. Sampling and Analysis

The sampling and analysts procedures presented below outhne required activibes
assooated with the soil mvesbgation for the former PCP Dip Vat area. In addition, the
reformation below presents proposed locatmas and analyses for soil samples, as well as
requirements for disposal of wastes generated durmg field acbwbes.

2.1 Data Quality Objectives

2.1.1 General Investigation Data Quality Objectives
The DQOs detailed below are establtshed to adueve the obJectives outlined in Sectmn 1.1.

DQO No. 01--Define PCP Concentrations in Soils

Qualitative DQO Evaluate whether PCP and degradation products, whzch pose a threat to
human health, are currently present m soils at the former PCP Dip Vat area and define their
extent m the vertical soft horizon. The source of PCP in the former Dip Vat and UST area
was removed m 1985. Durmg the source removal, PCP was detected m subsurface soft at a
concentration of 2,400 mg/kg at 20 ft bls. In 1998, PCP was detected at 470 mg/kg in site sod
at 8 to 10 ft bls.

Quantitative DQO Advance up to seven sod borings m the former PCP Dip Vat area. Smce
the oblective is to determme the presence of PCP and degradation products m soft, collect
composite rather than discrete sod samples to ensure the entire verbcal soll column ts
evaluated. Collect three to five compostte soft samples wRhm each boring. Analyze soft
samples for SVOCs usmg SW-846 Method 8151 (to achaeve low reportmg limits for PCP,
2,4,6-TCP, and 2,4-DCP) and Method 8270C for other PCP degradabon products. Compare
soil concentrabons to those prewously reported and to EPA Region 9 PRGs. Figure 2-1
presents the proposed locations of the sod bormgs. Table 2-1 presents the DQOs for each sod
boring locatton. A hst of laboratory-prowded method detection hilts (MDLs) and method
reportmg hmmts (MRLs) ts mcluded as Appendix 

Methods to Obtain DQ0 Advance boreholes with continuous samplmg using direct push
technology (DPT) probing methods from land surface to a maximum depth of 40 ft bls.
Collect soft samples usmg the DPT Macro-Core~ samphng system to characterize soft
condRmns and conduct laboratory analyses.

DQO No. 02--Assess Impact of PCP in Soil on Groundwater

Qualitative DQO Evaluate the threat to groundwater in the underlymg fluvial aquifer
through leaching of PCP from site soils Currently, netther PCP nor PCP degradation
products have been detected m groundwater in any wells m the wcmity of the former PCP
Dip Vat and Storage Tank

ATL~/TASK WP 01 - I~P DiP VAT WORK ~ 1 PCP DIP VAT WP~TEX’~REV I_P~ DiP VAT WP DOC 1K
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¯ Historic Soil Boring Location

O Pm~sed BoIl Boring L~cabon

Source: On-Sde Remed~alAcWbes at the
Defense Depot Memphis, OHM, 1986

Note: The sump associated with the former
PCP Dip Vat was removed dunng the soil
excavation =n 1985. The sump associated wdh
Building 737 was filled and abandoned in the
early 1990’s. The purpose of the Bu=[d=n9 737
sump was to collect spilled material Jnto the
build=ng for recoupment; however, no sp=lls
occurred and the pump was never utilized.

Figure 2-1
Proposed Soil Boring Locations

PCP Dip Vat Investigation
Memphis Depot Main/nsta//atlonCH2MHILL
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Quantitative DQO Analyze composite soil samples collected from up to six soil borings for
SPLP SVOCs by SW-846 Methods 8151 and 8270C. Figure 2-1 and Table 2-1 present the
proposed locations of the soil borings. Calculate a site-specific ddutmon attenuataon factor
(DAb’). Using the SPLP data, calculate a site-specific SSL for PCP. Use fate and transport
modeling to simulate the transport of PCP from site soils to groundwater A list of
laboratory-provided MDLs and method reporlang limits MRLs is included as Appendix A.

Methods to Obtain DQO Advance boreholes and collect soil samples using DPT techniques,
as described in DQO No 01. Calculate the leachability potential of PCP in soil using
methods outlined in the Soft Screening Guidance (EPA, July 1996). Obtain depth to water
data from exishng potenhometric maps. Simulate the transport of PCP leachate from soil to
the water table in the fluvial aquifer using vadose zone -fate and transport modeling.
Compare the model results to the Federal Maximum Contaminant Level (MCL) for PCP,
which is I microgram per liter 0~g/L).

2.1.2 Soil Boring Selection Data Quality Objectives
As discussed above, a soil excavahon and tank removal were conducted m 1985. Based on
the extents of excavation, there may be six historic soil samples (from borings 3, 25 and 33,
126, 127, and 128) remaining after the sod and UST excavahon, wluch were analyzed for
PCP; these sampling locahons are presented on Figure 1-3. PCP was not detected in sod
samples collected in the former PCP UST area. Soft samples collected in the former PCP Dip
Vat area, however, did contain detectable concentrations of PC~.

Seven soil borings will be completed during the field mvestagatlon. Since the primary
objective of the sod lnvestagahon is to determine the presence or absence of PCP and
applicable degradahon products In soil, composite rather than discrete soil samples will be
collected to ensure the entire vertical soil column is evaluated. Three to five composite soil
samples will be collected from each boring. One of the soil borings will be advanced wtthm
the on-site garage/storage building. Soil samples wdl be collected from under the concrete
slab at the base of the building to define if contamination has migrated from the adjacent,
former PCP Dip Vat location.

The maximum depth that will be sampled during this inveshgation is 40 ft bls Thas is
typically the depth at which the loess deposits transltaon to the fluvial deposits Any greater
depth will require a larger drilling type vehicle than currently proposed because of DPT rod
refusal from the geologic materials underlying the Memphis Depot.

DQOs were developed for each proposed soft boring locahon. The proposed bor|ng
locations are presented on Figure 2-1, though exact locahons may vary slightly based on site
access for drilling Table 2-1 summarizes the soil boring DQOs and describes sample
locahons.

2.2 Drilling and Soil Sampling
Drilling and soil sampling procedures presented herein will adhere as closely as possible to
procedures described in the EPA Region 4 Science and Ecosystems Services Dwlsmn
Enmronmental Inveshgaflons Standard Operating Procedures and Quahty Assurance Manual
(EISOPQAM), dated November 2001 and the USACE’s Engineer Manual (EM) 200-1-3,
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dated February 2001; an excerpt of this manual is mcluded in Appendix B. In addition, the
following site-specific plans wdl be used for further reference on applicable methods and
procedures:

¯ Operable Units 2, 3, and 4 and Screenmg Sites: Field Sampling Plan Addenda
(CH2M HILL, September 1998)

¯ Operable Umt 4 Field Sampling Plan (CH2M HILL, September 1995)
¯ Screenmg SRes Field Samplmg Plan (CH2M HILL, September 1995)
¯ Generic Remedial Inveshgahon (Rl)/Feasibility Study (FS) Work Plan (CH2M 

August 1995)
¯ Hazardous and Toxic Waste Health and Safety Plan (CH2M HILL, August 1995)
¯ Generic Quahty Assurance Project Plan (QAPP) (CH2M HILL, February 1995)

2.2.1 Drilling and Soil Sampling Methodology
All bormg achvlhes wdI be conducted according to procedures described wlthm the
EISOPQAM. Prior to disturbance of the surface, each bormg location must be thoroughly
rewewed for utality locataons by contactmg the Tennessee Uhhhes Hothne (TN OneCall) 
(800) 351-1111. This rewew must be accomplished at least 2 weeks prior to commencement
of drillmg.

Seven sod boreholes (SB-109 through SB-115) wdl be completed usmg DPT probing
methods, which were selected based on the lack of soft cu~ngs, smaller-diameter boreholes,
and the abdlty of the equipment to access and enter the storage/garage building to collect
samples. Four bormgs (SB-109 through SB-112) will be advanced to approximately 40 ft bls
or the bottom of the loess deposits, whichever Is encountered f~rst. During the installahon of
boring SB-105 m 2001, the bottom of the loess deposits was encountered at 38 ft bls. Three
bormgs (SB-113 through SB-115) will be advanced to 20 ft bls to evaluate direct contact risk
to human health from surface and shallow subsurface sod. Groundwater wdl not be
encountered during the mvestlgahon.

Sod samples for chemical analysis will be collected usmg the DPT Macro-Core®samplmg

system. Soft sampling procedures will be performed m compliance with the USACE’s
Engineer Manual (EM) 200-1-3 (February 2001); an excerpt of this manual is included 
Appendix B. Four-foot long, 1.5-inch diameter acetate-lined sample tubes will be used. A
retractable tap will be used to enhance sample recovery and help prevent cross-
contammation. All soft samples will be described by the field scientist or engmeer for grain
size, mmeralogy, color, moisture content, and structure. Descrlptaons will be recorded m the
field book. If, during the sod composite process, staling is observed or odors are detected
anywhere along the length of a sod core, this wdl also be noted m the field book. Soft with
any obvious stainmg or odors will be combmed with other sod collected wlthm the selected
sample interval (Le., 10 to 16 ft bls) for sample analysis.

Composite soft samples will be collected to guarantee that the entare vertical soil column
wlthm the loess deposits is evaluated for the presence of PCP and the apphcable
degradation products. Collectmg composite samples may "dilute" the concentration
reported m the sample mterval; however, it will make sure that hot spots are not missed
which may occur in discrete samphng For borings SB-109 through SB-112, contanuous soft
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samples will be collected from 10 ft bls to approximately 40 ft bls Durmg the 1985 sod
excavation, natave, clean soil was used to backfill the excavalaon pit m the area of these
borings to an average depth of 10 ft (OHM, February 1986); therefore, no samples will 
collected above thius depth. A sample from each foot of the soil core will be collected and will
be used to form a composite sample on a 6-foot basis, for a total of five (5) composite
samples from each bormg, Even though the Macro-Core® sampler zs four-foot long, it will
be feasible to collect soil samples on a six-foot basis smce contmuous samplmg is being
conducted. Addliaonal sample procedures are described in Seciaon 2.4.

As agreed upon at the July 2003 BRAC meeting, composzte soil samples will also be
collected to evaluate the potential risk to human health under industrial land use. For
borings SB-113, -114, and -115, continuous soil samples will be collected from land surface
(lust beneath the concrete slab) to approximately 20 ft bls. A sample from each foot of these
soil cores will be collected and will be used to form a composite sample on a 6 to 7-foot
basis, for a total of three (3) composite samples from each bering. In addition, soil samples
collected at boring SB-115 will be split with TDEC for analyszs of dloxins and furans.

Following collection of the soil samples, the berehole will be plugged and abandoned using
procedures presented In Sectmn 6.9 of the EISOPQAM. Disturbed areas will be returned to
condzO.ons that existed prior to the imlaalaon of work.

The locations of the soil borings will be surveyed by a registered surveyor relative to local
benchmarks that reference to North American Datum (NAD). Horizontal control surveying
(X-, Y-coordinates) will be performed at the ground surface of each sampling location.

2.2.2 Decontamination and Demobilization
Equipment wdl be properly decontaminated between mstallation of soil borings to prevent
cross-contamination and prior to leavmg the site. All decontammataon aclavilaes wdl be
performed within a concrete stagmg area. Decontaminataon procedures will be according to
methods described in quality assurance plans as well as methods described In the
November 2001 EISOPQAM

All downhole drflhng equipment as well as other equipment will be decontaminated
according to procedures presented in Appendix B of the E1SOPQAM Decontarmnataon of
the DI~F drive rods will be conducted between each borehole and when equipment enters
and leaves site. Decontaminataon of metal sampling eqmpment (l.e, spoons and bowls) will
be conducted between each sample. Decontammataon will consist of the following
procedures, where applicable:

¯ High pressure, low volume steam-cleanmg
¯ Wash and scrub with non-phosphate detergent (Llqumox) and potable water
¯ Rinse wRh tap water
¯ Rinse with deionized (or analyte free) water
¯ Rinse with laboratory grade isopropyl alcohol 0aVC or plastac material will not be

rmnsedwith solvent)
¯ Rinse with orgamc free water
¯ Air dry to the extent praclacal
¯ Wrap m plastac sheetmg or aluminum foil
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2.2.3 Investigation-Derived Waste (IDW)
Waste handhng will be dealt wRh durmg the sod mveshgahon. Waste may be classified as
non-mveshgative waste or inveshgahve/field-generated waste. Non-inveshgahve waste,
such as litter and household garbage, will be collected on an as needed basis to maintain the
slte m a clean and orderly manner. This waste will be containerized and transported to the
designated sanitary landfill or collectmn bin. Acceptable containers will be sealed containers
or plashc garbage bags.

Investlgahve/fleld-generated waste will be properly containerized and temporarily stored,
prior to transportahon. Soil cuthngs generated from soil investlgahon procedures will be
placed in drums or other appropriate storage devices and stored at the site. Minimal soil
cuthngs should be retrieved using DPT probing and sampling methods. Acceptable
containers will be sealed, U.S Department of Transportahon-approved steel 55-gallon
drums or roll-off box-type containers. Each container will be properly labeled with site
ldenhficahon, sampling point, depth, matrix, constituents of concern, and other perianent
information for handling.

Soil in the vicimty of the PCP Dip Vat has been previously characterized, as described in
Section 1. Soil cuthngs from this mveshgahon will be sampled for final disposal purposes
according to methods and analyses required by the accepting corporahon, including toxicity
characterlsiac leaching procedure (TCLP) parameters and Reachvlty, Corrosivlty 
Ignltabthty (RCI). Once the soil analytical data have been obtained, the soil will be removed
from the MI within 60 days and transported to an appropriate offsite facility. If the soil is
determined to be nonhazardous, it will be disposed of at the Tumca County Landfall in
Mississippi. If the waste is determined to be hazardous It will be disposed at an appropriate
Subtitle C landfill. The containers will be transported in a manner to prevent spillage or
particulate loss to the atmosphere.

Wastewater generated from equipment decontammahon achwhes will also be stored at the
site prior to removal from the MI Deeontammahon water will be contained m 55-gallon
drums During past inveshgatlon activities at the MI, IDW water was disposed of in the City
of Memplus sewer system after a temporary pernut had been obtained from the City of
Memphis Public Works Department. The permit provided an explanahon that the water
contained concentrahons of contaminants similar to the effluent from the operahng Dunn
Field groundwater extrachon system, which discharges into the City’s sewer system If
required, representative samples of the IDW will be collected for chemical characterizahon
of volahle organic compounds and semi-volahle organic compounds.

2.3 Laboratory Analysis
Soil samples will be submitted to an off-site laboratory for analysis. The USACE-cerlafled
lab, Columbm Analyhcal Serwces (CAS) in Kelso, Washington, will perform the laboratory
analyses; The laboratory’s USACE Missouri River District (MRD) cerhficahon is presented
in Appendix C. For this mvestagahon, the laboratory will be informed of the USACE’s
requirements under EM 200-1-3 (February 2001) and comply with them when performing
the necessary analyses.
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All samples will be analyzed for PCP by SW-846 Method 8151 (to achieve low reporting
hilts for PCP; 2,4,6-TCP, and 2,4-DCP), Method 8270C (to evaluate other applicable PCP
degradahon products; including, tetrachlorophenols, tnchlorophenols, dlchlorophenols, and
phenol), and SPLP Method 1312 for leachable PCP and PCP degradation products. The
reportmg hmit for the laboratory analysis of the soil will be as low as possible to comply
with EPA Region 9 PRGs. Sample analytical methods are summarized m Table 2-2. A hst of
laboratory-provided MDLs and MRLs is included as Appendix A.

At stated m Section 1 1, dloxms and furans were not identified at COCs m soil at the site;

therefore, the analysis of these compounds is not mchided in the general soil mvestigahon.
However, soil samples collected at sod bormg SB-115 will be spht with TDEC, who will
analyze the sod samples for dloxms and furans.

Smce soft pH and orgamc content have a slgmficant impact on the leaching of PC]?, one sod
sample collected from each of the seven soil bermgs will also be analyzed for pH by SW-846
Method 9045C and total organic carbon (TOC) by SW-846 Method 9060. As stated rathe
EPA’s technical fact sheet for PCP, the adsorption of PCP to sod is greater under low pH or
acidic conditions Chlorophenols were documented by Okeke et al. (1996) to biodegrade
more readily under |mtial low-pH soll conditions. One soft sample will be selected for pH
and TOC analysis in each bormg, A different sample depth will be selected at each boring in
order to observe vertical changes in pH and TOC, sample depths are summarized in Table
2-1. Sample analytical methods, holdmg times, appropriate contamers, and preservation
reqmrements are summarized m Table 2-2.

Unless otherwme specified by the laboratory, soil samples will be collected in a clear glass
wide-mouth jar with a Teflon® lined cap and preserved by cooling to 4 degrees Celsius.
Samples will be placed m coolers with ice upon collection Soil samples will be dehvered to
the laboratory Wlthm the appropr|ate holding period, however, preferably wlthm 24 hours.
In addmhon, quahty assurance/quality control (QA/QC) samples will be collected durmg
the field effort. The quanhty of QA/QC samples collected at the site will be m accordance
with gmdelmes m Sections 5.13 11 and 5.13.12 of the EISOPQAM. QA samples will be
collected on a ten percent basra. The QA/QC samples mclude 3 field duphcates 2 matrix
spike/matrix spike duplicates, 1 ambient blank (for TOC and pH), and 3 equipment rmseate
blanks; QA/QC samples are summarized in Table 2-3.

The analytical laboratory will provide the project data in both hard copy and in an electromc
format, submitted to the database supervisor. The electromc data deliverable (EDD) from
the lab will be in a comma-dehmlted ASCII file format that is compliant with CH2M HILL’s
EDD 4 0 specification, mcluded as Appendix D. The database supervisor will provide the
laboratory with any project specific valid values that are applicable and reqmred for use m
the EDD. The database supervisor then will process the electronic laboratory data
deliverable, and upload the data from the lab into the current CH2M HILL Environmental
Data Management System (EDMS) template that has been configured for supporting the
project data management requirements.

Laboratory analytical data will be vabdated (including a rewew of the data to assess the
accuracy, preclsmn, and completeness) by a project chemist.
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2.4 Logistics
Equipment, supplies, and personnel requtred to complete the sod mvesbgabon at the former
PCP Dip Vat wtll be mob]hzed after approval of this Work Plan.

A site coordmabon meebng will be held after the fmal Work Plan has been submitted and
before moblhzabon of the field effort. Parbclpahon will include Depot, TDEC,
CH2M HILL,USACE, Depot Redevelopment Corporabon, and subcontractor personnel. The
meeting will mclude discussions of Depot regulabons, DQOs, field procedures, field
schedules, and the SRe Health and Safety Plan.
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TABLE 2-2
Sample Analybcal Methods
Memphis Depot, Memphis Tennessee

Prelim Data Required Analytical Holding Sample Containers
TAT/Final Package Analysis Methods Preservation

TAT Requirement Time

7 days/t4 CLP-typo full pH SW-846 9045C Upon receipt Cool to 4°C 1 - 4oz glass-
days package clear wide-

mouth jar with
Teflon~ lined
caps/hds

SVOCs SW-846 8270 14 days to Cool to 4°C 1 - 4oz or 8 oz
(total and extraction and glass-clear
teachable) 40 days from ~de-mouth jar

extracbon to wth Teflon~
analyses lined caps/hds

SVOCs SW-846 8270 14 days to Cool to 4°C 1 - 4oz or 8 oz
(total and SIM extracSon and glass-clear
leachable) 40 days from wide-mouth Jar

extraction to wtth Teflon@
analysis hned caps/hds

SPLP SW-846 1312 14 days to Cool to 4°C 1 - 4oz or 8 oz
leach glass-clear

wide-mouth jar
wth Teflon@
lined caps/hds

TOC SW-846 9060 28 days Cool to 4°C 1 - 4oz G-AWM
Not~s.
TAT = turnarOund time
SVOCs = semi-volaUle o~ganlc compounds
CLP = EPA Contract Lnboratory Program quahty assurance control procedures
$PLP = synthetic precipitation leaching procedure
C = Celsius
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3. Data Analysis and Interpretation

All data and resultmg interpretahon will be presented and described m a technical
memorandum (I’M). The primary oblechve of this mveslagation is to determine the presence
or absence of PCP and degradation products which pose a risk to human health and
groundwater

3.1 Evaluation of Direct Contact Exposure Risk
To evaluate the potential risk to human health of PCP and degradation products in site soil,
any detected concentrations will be screened against the 2002 EPA Region 9 PRGs for
resldenhal and mdustrlal soil, along with soil screening levels, which are protective of
groundwater. There are only six anaerobic degradation products and zero aerobic
degradation products with listed RBCs (see Table 3-1). Therefore, aerobic blodegradataon
products (i e. tetrahydroquinone) will not be evaluated during this soil mveslagat~on.
Furthermore, the aerobic blodegradahon mtermediates for PCP are considered to be
unstable, short-bred, and less likely present m site soft.

The apphcable PRGs for PCP and subsequent degradation products are listed in Table 3-1.
The PRGs are generic, non site-specific, risk-based concentrahons that correspond to fixed
levels of risk (i.e. either a one-in-one million [10"6] cancer risk or a non-carcinogenic hazard
quotaent [HQ] of 1). Carcinogenic risk is often evaluated over a range of values (from ~ to
one-in-ten thousand [10"4]), therefore the PRGs for PCP and subsequent degradation
products were also calculated at a 10~ cancer risk level. In addition, PRGs for non-
carcmogemc compounds were also calculated at a HQ of 0 1 to take mto account the
possible presence of multaple chemicals. If the PRGs are updated during the lame of this
invesbgahon, the most current PRGS will used in the evaluahon.

3.2 Evaluation of Soil to Groundwater Pathway
If PCP and subsequent degradation products are detected in site soil, the migration of
contam|nation from soil to groundwater will be evaluated. Using the EPA’s Soil Screening
Guidance (1996), a s|te-speclfic DAF and SSLs will be calculated based on the analytical
SPLP results. The detected sod concentrations will then be compared directly to these site-
specific SSLs.

Based on historic sampling investigations, soil contamInahon is expected to be fairly
shallow (<25 ft bls). Since the depth to groundwater m tlus area (>100 ft bls) is much deeper
thane the zone of contamination, fate and transport modeling will be performed to account
for the attenuahon of contammants leachmg through soil to the underlying groundwater
aquifer. The goal of the modeling will be to define the potentaal for contaminants to leach
Into the underlying aquifer and reach downgradlent receptor exposure points.

Since this is a prelimmary investigation, a one-dimensional fate and transport model will be
uhhzed to simulate the vertacal leaching of PCP in soil to the groundwater table. PCP,
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which is leachmg from contammated sod m the vadose zone, is not assumed to move
horizontally, only in one verhca[ downward threction. Due to the complexity of the site
geology and hydrogeology at the site, a three~zhmenslonal model would be difficult to
create and calibrate. In addlhon, it would be highly time consummg and not cost-effechve
for this particular problem, especially smce PCP transport in groundwater is not required
for the evaluahon.

The verhcal fate and transport modelmg will be conducted using the software program,
Muthmedm Exposure Assessment Model (MUTIMED). MULTIMED is a one-dimensional
model created to simulate the movement of contaminants leachmg from a waste disposal
facility. Transport in the model Is based on one-dimensional, semi-analytical equahons. The
model simulates verhcal flow of sod water, mcorporahng dlspers~on, adsorptmn,
bmdegradation, and volatilization in the saturated and unsaturated zones. Input parameters
required to run the model are hsted m Table 3-2. Slte-specdlc mput parameters wdl be used
whenever possible. For parameters m which a slte-specffic value is not available, a
conservahve estimate wdl be used.

Using the maximum and average detected soil concentrations for PCP and apphcable
degradation products reported during this soil investigation, the MULTIMED model will be
used to estimate the soil leachate concentrahons at the depth of the water table. These
calculated concentrahons will be compared to the site-specific SSLs. All model results wdl
be mcluded m a TM, along with the analyfacal sod results.

3.3 Evaluation of PCP Natural Attenuation
In the sod matr|x, biodegradation Is the predommant transformatmn mechan|sm for PCP. In
general, PC~ has been observed to degrade more rapidly m anaerobic environments than m
aerobic ones (ATSDR, 2001). Anaerobic degradation of PCP in soil occurs primarily via
reduchve dechlormatlon. Durmg th]s process, the chlormated compound Is used as an
electron acceptor by mlcroorgamsms and a chlorine atom is replaced by a hydrogen atom.
The phenol rig Is broken relative late in the degradahon process. PCP Is reduchvely
broken down m the followmg general sequence:

FCP-- tetrachlorophenol (TeCP) -- trlchlorophenol (TCP) -- dichlorophenol (DCP) 
chlorophenol (CP).

However, the pathway (or specific isomers created durmg the anaerobic degradation
process) that is followed at a specific site is dependent on the type of microorganism present
m the system (Mahaffey, 1997). Possible mtermedlate breakdown products mclude three
isomers of TeCP, five Isomers of TCP, six Lsomers of DCP, and three isomers of CP The
isomers of CP may dechlorinate to phenol or may minerahze to carbon dioxide and water,
however, this is not prevalent. A possible pathway for reductive dechlonnation of PCP is
presented in Appendix E.
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TABLE 3-2
Input Parameters for MULTIMED model
Memphis Depot, Memphis Tennessee

Unsaturated Zone Parameters
¯ Saturated hydraulic conductivity
¯ Thickness of each layer
¯ Reference temperature for air
¯ Diffusion
¯ Porosity
¯ Longitudinal dLsperswlty
¯ Molecular weight
¯ Air entry pressure head
¯ Percent orgamc matter
¯ Inffltrahon rate
¯ Depth of unsaturated zone
¯ Soil bulk density
¯ Area of waste disposal umt
¯ Residual water content

¯ Biological decay coefficient
¯ Duration of pulse
¯ Number of porous materials
¯ Acid, base, and neutral hydrolysis rates
¯ Source decay constant
¯ Number of layers
¯ Reference temperature
¯ Initial concentrahon at landfill
¯ Alpha coefhcient
¯ Normalized dlstrlbuOon coefficient
¯ Parlacle diameter

¯ van Genuchten exponent
¯ Air dlffusmn coefftctent

Saturated Zone Parameters
¯ Recharge rate
¯ Longltudmal dispersivity
¯ Organic carbon content
¯ First-order decay coefficient
¯ Transverse dmspersivlty
¯ Well distance from site
¯ Biodegradatlon coefficient

¯ Vertical disperswlty
¯ Angle off-center of well
¯ Aquifer thickness
¯ Temperature of aqulfer
¯ Well vertical d|stance

Hydrauhc gradient
¯ pH
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In aerobic degradation, PCP is broken down by a series of pathways. The degradat]on
process begms with oxidative dechlormnat]on reactions, formmg intermediate degradation
products, w}uch may include tetrachloroatechol, tetrachlorohydroqumone (TeCHQ),
tetrachlorobenzoqumone (TeCBQ), tnchlerohydroxylbenzoqumone (TCBHQ),
trichlorohydroquinone (TCHQ), dichlorohydroquinone (DCHQ), 
chlorohydroquinone (CHQ). These aerobic degradation products have fewer chloride
atoms than does PCP and they degrade qmckly by cleavage of the phenol rig Therefore,
PCP does not fully break down to hydroqumone. The aerobic byproducts are considered to
be short-tived and do not generally accumulate m the environment (Mahaffey, 1997). The
final degradation products by mineralization are water, carbon dmxlde, and chloride ins.
The aerobic degradation pathway for PCP m presented m Appendix E.

Based on the EXTOXNET reformat]on profile (June 1996), PCP degradation is best under
higher temperatures and in the presence of organic matter. PCP has been shown to degrade
m soil, with reported half-hves of 45 days, (Extoxnet, 1996) and weeks to months (EPA
Techmcal Fact Sheet - http://www epa.gov/OGWDW/dwh/t-soc/pentachl html,
November 2fl02 ). However, based on a search on the BIODEG database (Syracuse Research
Corporation- http://esc.syrres.com/efdb/blodeg.btm ), only 67 to 99 percent of PCP
degradation occurred m aeroblc sods and 7 to 75 percent degradation of PCP occurred m
anaerobic soils in grab soil sample tests.

Apphcable anaerobic degradation products of PCP will be evaluated durmg thm
investigatmn. Smce there are no aerobic degradation products with listed PRGs, they will
not be analyzed. In addition, as stated above, the intermediate aerobic degradation products
are not cortsldered stable and are less hkely to be present m sRe soft. The presence of
anaerobic degradation byproducts will serve as mdlcators of the natural attenuation of PCP
m the sod matrix. If natural attenuation is determined to be occurrmg at the site, a full-scale
natural attenuation evaluat]on may be conducted to determme particular degradation
mechanisms (Le methanogenesm).

3.4 Decision Tree Analysis
A detaded "decision tree" regardmg the pathway from soft samplmg and sample analysis
(addressed m thm Plan) to future decisions has been developed for the former PCP Dip Vat
$lte. This is presented as Figure 3-1

At the conclusion of this soft mvestigat]on and analysis, ff soft concentrat]ons of PCP and
subsequent degradation products are determmed to be absent from site soil (not detected at
acceptable laboratory hilts) or detected below direct contact exposure PRGs and site-
specific SSI_s, no further action (NFA) will be requested for the site. If soil concentrations are
reported above direct contact exposure PRGs, remedml act]on objectives (RAOs) wdl 
developed. If soil concentrations are reported above slte-specfflc SSLs, vadose zone fate and
transport modelmg will be performed to estimate the concentrations leaching into
groundwater from the overlying soft contaminat]on. If the modeling concludes that the
concentration of soft leachate reachmg groundwater is above the SSLs, then RAOs will be
developed.
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If remedial action is deemed necessary by the RAOs, the natural attenuation of PCP wdl be
evaluated. The presence of anaerobic degradation products will be used as indicators of
blodegradation m the soft matrix. If natural attenuahon is determined to be occurring at the
site, a full natural attenuation evaluation will be performed to assess it’s feaslbdlty as a
remedial alternative. If there are no degradation products present m site sod, it will be
assumed that biodegradation is not readily occurring and a detaded analysis of remedial
alternatives will be conducted to reduce soil concentrations to acceptable levels. The
analysis will be performed in accordance with the Guidance for Conducting Remedial
Inveshgatwns and Feasilnhty Stu&es under CERCLA (EPA, October 1998). A report will 
submitted with conclusions of flus analysis and recommendations for remedial action at the
site.
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FIGURE 3-1
Decision Tree Analysis
Memphis Depot, Main/nste/latton

Is PCP Soil Contamination Present Above Any EPA Region
9 Preliminary Remediation Goals (PRGs)?

Evaluate Hlstoncal Data
¯ Establish Data Quality Objectives (DQOs) for Soil

Investigation and Sample Locations
¯ Collect composite soft samples from 7 soil borings
¯ Analyze soil samples for total and leachable PCP and

degradation products, using methods capable of reaching
PRGs with the reporting hrnits (RLs)

Y°;
Does PCP Soil Contamination Pose a Threat to

Groundwater?
¯ Calculate site-specific chluhon attenuation factor (DAF)
¯ Usmg synthetic precipitation leaching procedure (SPLP)

results and DAF, calculate slte-specffic sod scree~ng level
(SSL)

¯ Model fate and transport of PCP leachate from soil
horizon to groundwater aqmfer

¯ Deterrmne if model calculated concentration of leachate at
water table exceeds site-specific SSL

¯ Identify and assess risk to downgradient receptors

Is Natural Attenuation (NA) of PCP in Soil Occurring?
¯ Assess concentrations of degradation products (via

reductive dechlorination) in soft spatially
¯ Assess geochemical parameters which impact

degradation of PCP (1 e pH)

¥es 
Will NA Remediate Soil to Applicable Criteria in

Reasonable Time-Frame?
¯ Perform Full Scale NA Evaluation
¯ Determine if NA has the capacity to remediate soft

contamination to levels protective of groundwater
¯ Estimate time-frame for PCP soil remedmation ",aa natural

No

No

No

No

Request Site
Closure/No Further

Action (NFA)

No

Is PCP Soil
Contamination Present
Above EPA Region 9

Direct Contact Exposure
PRGs?

Yes

Perform Remedial Alternative
Analysis for Source Removal

of PCP in Soil
¯ Biological treatment
¯ Physmal/chermcal

treatment
¯ Thermal treatment
¯ Containment
¯ Excavation and offsite

disposal

attenuation using conservative hterature-based
degradation rates

Submit Report Documenting
Conclusions and Recommendation

of Remedial Alternative
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4. Health and Safety

A Health and Safety Plan (HASP) was prepared by CH2M HILL for the MI and Dunn Field
at the Memphis Depot (CH2M HILL, April 2002). This HASP was amended m August 2003
for the acbvltles included m this Work Plan and will be kept on-stte durmg held acbvdaes.
This HASP includes company safety goals, objectives, and procedures. This HASP meets the
requirements specified in the USACE Safety and Health Reqmrements Manual, EM 385-1-1
(USACE, September 1996); excerpts of this manual pertment to the field tasks included 
this Work Plan are located in the amended HASP and Appen&x F of this document.

The followmg health and safety 1terns are of parhcular concern for the held actwities
described in this Work Plan.

Drilling - The advancement of SOl[ boreholes at the former PCP Dzp Vat will require the
use of a DPT drill rig. The use of thzs equipment involves inherent hazards, includmg
mowng equipment, noise, and potenhal slips, trips, and fails. Eqmpment will be
respected prior to use. Other possible hazards mclude underground utilittes and
aboveground power hnes.

Soil Sampling - Soft from the former PCP Dip Vat area may contam levels of COCs.
These potenbal contammants wdl be considered when selecting the proper personal
protectave equipment (PPE).
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5. Schedule and Reporting

5.1 Reporting Requirements
A TM will be developed that presents the findings and conclusions of the soft investigation
and data analysls for the former PCP Dip Vat, including recommendations and follow-up
actions and issues. The TM will provide analytical results of all soft and QA samples, soft
boring logs, any survey data, as well as soil leachability calculations. Analytical data will be
vahdated by a project chemist for compliance with the analytacal method requirements; a
data quality evaluation which reviews the accuracy, precision, and completeness of the data
wdl be included with the TM

The TM will also include results from the fate and transport modehng, along with
conclusions on the potential risk to groundwater and downgradient receptors from soil
contamination, and a preliminary natural attenuation evaluation. Maps of the soil boring
locahons with respect to the site layout will also be presented in the TM

The TM will be submitted to all pertinent stakeholders of the Memphis Depot for review
and comment. The review comments, as well as responses to comments, will be attached to
the revised document as part of the final report. Revisions 0, 1, and 2 (Final) will 
prepared. Rev. 0 and Rev 1 will produced on CD ROM and Rev 2 (Final) will be produced
on CD ROM and hard copy

5.2 Project Schedule
A prehmmary schedule for the sod mveshgation at the former F’CP Dip Vat area ts
presented as Appendix G. This schedule may be accelerated or delayed based on review
times.
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Appendix A

Columbia Analytical Services: List of Method
Detection Limits (MDLs) and Method Reporting

Limits (MRLs)
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Method
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C
SW8270C

SW8270C SIM
SW8270C SIM
SW8270C SIM
SW8270C SIM
SW8270C SlM
SW8270C SIM
SW8270C SIM

EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653
EPA 1653

Parameter
Phenol
2-Chtorophenol
Benzyl Alcohol
2-Methylphenol
3- and 4-Methylphenol
2-Nitrophenol
2,4-Dimethylphenol
Benzote Actd
2,4-Dichlorophenol
4-Chloro-3 -methylphenol
2,4,6-Tnchlorophenol
2,4,5-Tnchlorophenol
2,4-Dmltrophenol
4-Nitrophenol
2-Methyl-4,6-dmltrophenol
Pentachlorophenol

2,4,5 -Trichlorophenol
2,4,6-Tnchlorophenol
2,4-Diehlorophenol
2-Chlorophenol
Pentaehlorophenol
Phenol
2,3,4,6-Tetrachlorophenol

4-Chlorophenol
2,4-Dlchlorophenol
2,6-Dichlorophenol
2,4,5-Tnchlorophenol
2,4,6-Tnchlorophenol
2,3,4,6-Tetrachlorophenol
Pentachlorophenol
4-Chlorogualaeol
3,4-Dlehloroguamcol
4,5-Dlchlorogualacol
4,6-Dtchlorogualacol
3,4,5-Tnchloroguaiacol
3,4,6-Tnchlorogualacol
4,5,6-Tnehlorogualaeol
Tetrachlorogualacol
4-Chloroeateehol
3,4-Dlehloroeateehol
3,6-Dichlorocatechol
4,5-Dzehloroeatechol
3,4,5-Trichlorocatechol
3,4,6-Trtchlorocatechol
Tetrachlorocatechol

Water RL
10 ug/L
10 ug/L
10 ug/L
l0 ug/L
10 ug/L
10 ug/L
10 ug/L
25 ug/L
l0 ug/L
10 ug/L
10 ug/L
10 ug/L
25 ug/L
25 ug/L
25 ug/L
25 ug/L

10u~L
1.0u~L
1.0ug/L
10u~L
10u~L
10ug/L
10u~L

1 25 ug/L
2 5ug/L
2 5ug/L
25ug/L
25ug/L
25ug/L
5ug/L

125ug/L
2.Sug/L
2.5ug/L
25ug/L
25ug/L
2.5ug/L
25ug/L
5ug/L

125ug/L
25ug/L
25ug/L
2.5ug/L
5ug/L
5ug/L
5ug/L

WaterMDL
05ug/L
07ug/L
07ug/L
0.9ug/L
0.5ug/L
08ug/L
2ug/L
2ug/L

0.9ug/L
O8ug/L
07ug/L
09ug/L
6ug/L
2ug/L
2ug/L
2ug/L

0.02 ug/L
0.02 ug/L
0 04 ug/L
0.02 ug/L
0 03 ug/L
0.02 ug/L
0.04 ug/L

0.03 ug/L
0 06 ug/L
0.03 ug/L
0.05 ug/L
0.04 ug/L
0.04 ug/L
0.2 ug/L
0 02 ug/L
0 02 ug/L
0 03 ug/L
0.03 ug/L
0.06 ug/L
0.03 ug/L
0.04 ug/L
0.05 ug/L
0.02 ug/L
0 03 ug/L
0.03 ug/L
0.02 ug/L
0.04 ug/L
0.07 ug/L
0.04 ug/L

Soil RL
0 3 mg/Kg
0.3 mg/Kg
0 3 mg/Kg
0.3 mg/Kg
0 3 mg/Kg
0.3 mg/Kg
0.3 mg/Kg
2 mg/Kg

0 3 mg/Kg
0 3 mg/Kg
0.3 mg/Kg
0 3 mg/Kg
2 mg/Kg
2 mg/Kg
2 mg/Kg
2 mg/Kg

160 mg/kg
160 mg/kg
160 mg/kg
640 mg/kg
160 mg/kg

Soil MDL
0.03 mg/Kg
0.03 mg/Kg
0.05 mg/Kg
0.03 mg/Kg
0.04 mg/Kg
0 03 mg/Kg

1 mg/Kg
0 07 mg/Kg
0.03 mg/Kg
0 04 mg/Kg
0 03 mg/Kg
0 03 mg/Kg
0.2 mg/Kg
0.06 mg/Kg
0.05 mg/Kg
0 04 mg/Kg

53 mg/kg
55 mg/kg
66 mg/kg
90 mg/kg
77 mg/kg
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Appendix B

Excerpts from the USACE EM 200-1-3
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EM 200-1-3
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When a hole ~s completed, a space block marked "Bottom of Hole," or "BOH" should be securely
placed after the last core run. Appropriately marked space blocks should also be inserted in the
core boxes to fill the spaces formerly occupied by core that has been removed for testing.

Core boxes should be marked on the outside to indicate the top and bottom, and the inside upper
left comer of the box should be permanently marked with the letters UL to indicate the upper left
comer.

Soft or friable cores should be wrapped in plastic film or sealed m wax.

When samples arc collected with a core barrel and placed into a core box, the core samples should
be photographed in the core box as soon as possible after the core samples are retreivcd and the
box is labeled.

The core box lid should be marked both inside and outs*de with the project name, hole number,
locatlon, surface elcvaUon, box number, and depths for the beginning and end of core m the box.
Tbe ends of the core box should be marked with the project name, hole number and box number.

C.6.4.9 Direct Push Sod Sampling. Method Reference: ASTM D 6282.

C.6.4.9.1 Applicability. The direct push soil samphng method is widely used as a preliminary site
characterization tool for the initial field activity of a site investigation. Direct push samphng is an
economical and efficient method for obtaining discrete soil and water samples without the expense ofdnlling
and its related waste cuttings disposal costs.

C 6.4.9.2 Method summary and equipment The sampling method, known as the direct push method,
involves sampling devices that are directly inserted into the soil to be sampled without drilling or borehole
excavation. Direct push sampling consists of advancing a sampling dewce into the subsurface by applying
static pressure, impacts, or vibration or any combmatiun thereof to the aboveground portion of the sampler
extensions umd the sampler has been advanced its full length into the desired sod strata. No specific
guidance or standards document the "direct push sampling method," but the gmdsnce is a modification of
standards from the Shelby tube, split spoon, piston, and penetrometer methods. The method ~s employed
under various protocols by commercial entities and called by various proprietary names (i.e., Geoprobe).
Direct push methods may be used to collect soil, and in some cases, the method may be combined with
sampling devices capable of water and/or vapor samphng. The equipment generally used in direct push
sampling is small and relatively compact allowing for better mobdlty around the site and access to confined
areas. Direct push insertion methods include statmc push, impact, percussion, other vibratory driving, and
combinatlous of these methods using direct push equipment adapted to dnlhng nga, cone penetrometer units
(the reference standard for which is ASTM D 5778-95, and specially designed percussmd/direct push
combination machines. Standard drilling rods used for rotary drilling are sometimes used when sampling
is done at the base of drill holes. A direct push soft samphng system consists of a sample collcctlun tool;
hollow extension rods for advancement, retrieval, and transmission of energy to the sampler; and an energy
source to force penetration by the sampler.

C.6.4.9.3 Samphng procedure. The sampling procedure is as follows:

Assemble decontaminated direct push samphng device that will be pushed into the ground to
collect data or samples.

C-84
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Advance the sampling device into subsurface soils by applying static pressure, impacts, or
vibration or any combination thereof to the ahoveground portion of the sampler extensions untd
the sampler has been advanced its full length into the desired sml strata.

Samphng can be continuous for full-depth borehole logging or incremental for specific strata
samphng. Samplers used can be protected for controlled specimen gathering or unprotected for
general data collection.

Recover the sampler from the borehole and remove the soil sample from the sampler.

Begin sampling with the acqmsitton ofeny VOC samples, conducting the samphog with as httle
disturbance as possible to the media. Refer to Instruction E-4 for additional information on the
collection, handling, and storage of solid VOA samples.

If homogenization of the sample location is appropriate for the remaining analytical parameters
or rf compns~ting of a different location is desired, transfer the sample to a stainless steel bowl
for mixing. Refer to Instructions E-2 and E-3, Appcndlx E, respectwely.

Transfer sample into an appropriate sample bottle using a stainless steel spoon or eqmvalent.

Check that a PTFE liner is present m the cap. Secure the cap tightly.

Label the sample boric. Complete the label completely and clearly, addressing all the categories
and parameters.

Place filled sample containers on ice immediately.

Complete chain-of-custody documents and field sheets and record in the logbook (see Instruction
F- 1, "Documentation," Appendix F).

Prepare samples for shipment (see Instruction F-2, "Packaging and Shipping Procedures,"
Appendix F).

Decontaminate the equipment following each probe or sample.

C.6.4 10 Site Characterization and Analysis Penetrometer System (SCAPS).

C.6.4 10.1 Apphcabihty. The SCAPS system provides the capability to conduct rapid site
eharaeterizatinn and real*time analysis ofenntaminated soil and ground water in situ. SCAPS may be used
to determine areas free of contamination, optimize the selection of monitoring well locations, and provide
onsite three-dimensional wsuahzation of soft stratigraphy and contaminant plumes. SCAPS site cbaracten-
zation may save from 25 to 30 percent of site eharacterizataon costs compared with those ofconvenUonal ttnll
and sampling techniques. SCAPS sensors have the capabihty for determining soil classification/layering and
detecting contaminants simultaneously. Geotechnical and contaminant sensing technoingles currently
available include soil classtfieatmn; electrical reslstavtty; POL; explosives, VOCs; and gamma-emitting
radmnuchdes. Regulatory certification has been granted for the SCAPS POL and is ongoing for VOCs,
explosives, and metals sensors under the Environmental Security Technology Certification Program (ESTCP)
and by the USEPA Consortium for Site Characterization Technologies, the Cahforma EPA Environmental
Technology Certification Program, and reciprocity via the Interstate Technology Regulatory Cooperation

C-85
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E.2 Homogenizing Techniques

E.2.1 Scope and apphcatlon. This instruction provides guidance for homogenizing samples. Proper
homogenization is vital to accurately assessing the condition of a particular site. Correct homogenization
techniques are also important for preparing the necessary quahty control (QC) samples associated with 
typical sampling event. Homogenization techniques should not be used when samples for volatile organic
analyses (VOA) or other parameters that require undisturbed samples are collected.

E.2.2 Sample handling and mixing. An integral part of any sampling investigation is obtaining
samples that truly represent the site under investigation. Therefore, applying proper homogenization
techniques will help ensure that conditions are being accurately represented. Generation of field control
samples (e.g., replicate samples) provides a means for evaluating matrix heterogeneity and the sampling and
handling techniques of field personnel. However, for this evaluation to be meaningful, field sampling
personnel must be able to properly homogenize and divide collected samples.

E.2.2.1 Sampling equipment composition. The composition of sampling equipment can affect
sample analytical results. Sampling materials used must be pmperly decontaminated and must not
contaminate the sample being collected. The standard materials for sampling equipment used to collect
samples for trace orgamc compounds or metals analyses are given in Table E. 1. Tlus table may be used as
a guide to select the proper sampling instruments.

Table E.1
Standard Mntlrlata for Sampling Equipment

AnalyslsJSite Condition preferred Matedal

Metals Glass or PTFE

Organics Stainlass steet, glass, o¢ PTFE

Corrosive SOli/~Nasta Glass or PTFE

E.2.2.2 Required sample volumes. The volume of sample obtained should be sufficient to perform
all required analyses with an additional amount collected to provide for quality control needs, including any
split or replicate samples. The volume of sample required by the laboratory depends on the analyses to be
performed. Volumes and containers identified in Appendix B are sufficient volumes for the prescribed
analysis, if deviations from these volumes are necessary due to low sample yields, the laboratory receiving
the sample and conducting the analyses should be consulted for alternative volume requirements. The
volumes of samples collected from waste sources at hazardous waste sites or samples from sources that are
known to be toxic should be kept to an absolute minimum since disposal costs of excess sample material are
high. The laboratory or project personnel may require that excess sample volume be returned to the site
because of the hazardous nature of the samples or because of sensitive political issues surrounding the
project. If samples are being collected for bench-scale or pilot-scale remediatinn studies, larger volumes may
be necessary. This scenario normally involves sending large bulk volumes to a laboratory to undergo various
applications/manipulations to identify the optimum conditions for remediation of a particular waste stream.
The data user (i e., design engineer) or laboratory should be contacted to determine the volume of material
required.

E.2.2.3 Aqueous samples. Aqueous samples are typically considered homogeneous because of the
physical properties of water, such as diffusion and the ability to flow and freely mix. Therefore, aqueous
samples do not require mixing. However, when solids are present within the aqueous samples, viscous or
semisolid liquids are encountered, and the sample will require mixing. These samples can be shaken well

E-5
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or st~rred thoroughly with a tool of appropriate composlUon. The sampler may also encounter portions of
the media that arc immiscible with water and separate into distinct phases. In these situations, it is advisable
to collect a sample from each layer/phase as well as a homogemzed sample When multiple phases are
sampled, the sample should be homogenized in the laboratory to achieve the most hnmogcnanus sample.
Water samplcs (potable well, monitoring well, surface water) should be obtained by alternately filling sample
containers from the same sampling device for each parameter. Spilt and replicata samples will be collected
slmultaneonsly with the primary samples. Containers for VOA will be filled first, followed by containers
for scmlvolatile orgamcs, metals, cyanide, and water quality parameters. Each VOA cuntamer should be
complctaly filled immediately, rather than splitting the water between bottles and filhng the bottles
incrementally. The containers will all be filled from the sampling device if possible. If this is not possible,
a minimum of two contmncrs (one for the primary sample and one for the split sample) will be filled from
each sampling volume. If more than two containers can be filled from one sampling volume, the number of
containers filled should bc an even number (i.e., two or four) so that an equal number of containers for the
primary and split samples are prepared. The remaining portmns of the sample will then be prepared by
splitting each sampling volume between containers for the pnmary and replicate samples.

E.2.2.4 Sohd samples. Obtaining samples in a soil or sediment matrix requires homogenization of
the sample aliquot prior to filling sample containers. However, volatile organic samples are the exception;
samples being analyzed for volatde organic compounds (VOCs) must always be taken from discrete locations
prior to mixing. Refer to Instruction E-4 for additional information on the collection, handling, and storage
ofsolid VOC samples. This pmctlce is necessary to prevent loss of volatile constituents and to preserve, to
the extent practicable, the physical integrity of the volatile fraction. Homogenization of the sample for
remaining parameters is necessary to create a representatw¢ sample media. Moisture content, sediments, and
waste materials may inhibit the ability to achieve complete mixing prior to filling sample containers.
Consequently, ahemative procedures may need to be pursued, i.e., kncedmg, particle size reduction (PSR),
or particle size separation (PSS). However, it is extremely important that solid samples be mixed 
thoroughly as possible to ensure that the sample is as representative as possible of the sample location.

E.2.2.4. I Before sample mixing as performed, instructions on the removal of extraneous sample
materials (grass or materials in "root zone," leaves, sticks, rocks, etc.) should be given. This can 
accomphshcd by the removal of material by a gloved hand, or through the use of PSS devices (i.e., sieves).
Other procedures employed may include PSR techniques. This may he as simple as breaking up large
material with a hammer, or may include more elaborate techniques (grinder or mill). However, many of these
PSR devices are difficult to decontaminate, and may not be conducive to trace level chemical analyses.

E.2.2.4.2 Homogenization procedures may be accomplished by several methods. The method best
suited for the media will depend on the physical characteristics of the solid material (e.g., heterogeneity of
media, maximum particle size present, moisture content, etc.). In general, homogenization is accomplished
by filling a properly decontaminated container with the sample and mixing it with a decontaminated
implement. The container should be large enough to hold the sample volume and accommodate the
procedures without spilling. In most cases, the method of choice for mixing is referred to as cone and quar-
tering and can be performed in a bowl or tray of an appropriate material (depending on the analytical
parameters to be performed). First all the soils will be disaggregated to less than 6-mm (1/4-in.) diameter
as the sample is mixed. The soils are than gathered into a pile m the middle of the container and divided into
quarters. Each quarter is mixed, then sods from opposite comers are mixed together again. Soils are then
partitioned into quarters again, and this time adjacent comers are mixed together, then the whole combined
again. The extent of mixing reqmred will depend on the nature of the sample and should achieve a consistent
physical appearance before sample containers am filled. The sods are then dwlded into final quarters, which
are equally subsampled to fill the appropriate containers. If the solid medium is not amenable to cone and
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quartering techniques due to the high moisture content or high cohesiveness of the waste, recommend
kneading techniques be pursued. First place the sample into a clean noncontaminating bag, and knead
materials thoroughly to mix the sample.

E.2.3 Potential problems.

E.2.3.1 The true homogenizatmn of soil, sediment, or sludge samples may b¢ difficult to accomplish
under field condmons. However, the homogemzing techniques may be evaluated with the use of a
nonmterfering dye. The noninterfenng dye should Ix added to the sample medium prior to homogemzing
procedures. The resulting distnhntion of the dye thmughnut the sample methum during the mixing wall
indicate the effectiveness of the procedures and areas requmng further mixing.

E.2.3.2 Another important aspect of obtaining a representative sample is to employ proper
subsampling techniques. Recommend as a final step of the mixing that the matenal as a whole be
subsampled as equally as possible. This may be accomplished by the procedures already noted or as follows.
Flatten the piled material into an oblong shape. Using a flat-bottomed scoop, collect a strip of material across
the entire width of the short axis. Repoat this procedure at evenly spaced widths until the sample containers
arc filled If the material is cobesiv¢, the solid medium may be flattened, and cut into cubes. Collect random
cubes into a subsampl¢, which will he rekneaded and placed into the appropriate sample containers.
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E.3 Compositing Samples

E.3.1 Scopeandapplication Thisinstmctlonprovtdesmformatlononthevarioustypesofcomposite
samphug techniques and tbe proper procedures to obtain a composite sample. The technique of compositing
thscrcte samples is typically employed when the site under investigation is quite large to improve the
preoslon (lower the variance) of the estimated average contaminant concentrations, especially when
contamination exhibits a short-range heterogeneity, and to decrease the probability of making a wrong
decision based on limited data Consultation wnh data users should be done to determine the appropriateness
of applying compositang schemes to meet project objectives. Compositrag scenarios that employ a retcsting
scheme may also be effectwe in idenh fying hot spots ira maJonty of the discrete samples are anticipated to
be nondetect and there is adequate sensltiwty of the analyses. In this case, the maximum number of discrete
samples composited should be determined based on the dilution factor imposed and the sensitivity of the
analyses in relation to the project decision level. Compusitmg schemes are of most benefit when analytical
costs are high or analysis is time-consuming relatwe to sampling costs. Composite sampling may also
decrease overall sampling and analytical costs. Composite sampling is not specific to one matrix. Rather
it can be utilized for solid, semisolid, hqmd, and air matrices.

E.3.2 Composlting techniques. Composite samples consist of a series of discrete gab samples that
are mtxed together to charactenze the average composmon of a given material. The discrete samples used
to make up a composite sample are typically of equal volume, but may be weighted to reflect an increased
flow or volume. Regardless, all discrete samples must be collected m an identical fashion. Likewise, the
number of grab samples forming a compuslte should remain consistent (i.e., a number and pattern for collec-
tion of grab samples within a grid should be selected and, for a given grid size, should not be changed). Five
types of composite samples arc discussed in the following sections.

E.3.2.1 Flow-proportioned composite. Flow-proportional composite samples are collected
proportional to the flow rate during the composltmg period by either a time-varying/constant volume or a
time-constant/varying volume method. This type of sampling is usually associated with wastewater or storm
water runoffsampling. To enhance the representativeness of the flow-proportioned composite sample, sug-
gest collection using an automatic sampler that is paced by a flowmeter. Automatic samplers reduce human
error, and can directly correlate flow with both sample size and time. Flgura E-la and c illustrate flow-
proportioned composite sampling.

E.3.2.2 Time composite. A time composite sample is composed of a varying number of discrete
samples collected at equal time intervals dunng the compositing period. The time composite sample is
typically used to sample wastewater and streams, and in some air samphng apphcatlous. Time composite
samples are typically obtained using automated programmable samplers. When a large number of locations
must be sampled, automatic samplers may be set up to sample these locations simultaneously with minimal
supervision and costs. In hazardous situations, use of automatic samplers can reduce personnel contact with
hazardous waste streams or with potentially dangerous samphng environments. The disadvantages of
automatic sampling eqmpment are its high cost and extenswe mamtcnance requirements. These dis-
advantages can be offset by reduced labor requirements, proper maintenance, and the proper choice of equip-
ment. When access to the waste stream is rclatweiy easy and sufficient labor is available, manual methods
are also quite effective. The most stgmficant disadvantage of manual sampling is that it is labor-intensive,
particularly with respect to long-term composite sampling. Figure E-lb illustrates equal time compositmg.

E.3.2.3 Areal composite. Areal composite samples are samples collected from mdwldual grab
samples collected in an area or on a cross-sectional basis. Areal composites are made up of equal volumes
of grab samples where all grabs arc collected in an identical manner Areal composite sampling is typically
used for ¢stimatmg average contaminant concentratmus m surface sods or sediments. Th~s is especially
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Figure E-1. Composite sampling methods

useful when contaminants are present in a nugget form (i.e., TNT chunks, lead shot, etc.), exhibiting large
differences in concentration in a small area (short-range heterogeneity). Grid sizes should be kept moderate
( 1.5 to 3 m (<5 to 10 fl) m diameter), if project objeetwes and intended use of the data are to maintain aspects
of a "discrete" sample while providing better overall coverage. Reference Jenkins et al. (1996a) for
additional details on the use of short range areal compos]te sampling techniques.

E.3.2.4 Vertical composite. Vertical composite samples are also collected from individual grab
samples but taken from a vertical cross section. Vertical composites are also made up of equal volumes of
grab samples where all grab samples are collected in an identical manner. Vertical profiles of a soil borehole
or sediment columns are examples of vertical compositmg.

E.3.2.5 Volume composite. Volume composite samples are collected from discrete samples whose
aliquot volumes are proporhonal to the volume of sampled material. This type of composite is usually
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associated with hazardous waste bulking operations, where the composite sample Is intended to represent
the combined or bulked waste. Discrete samples are typically combined within a group of compatible wastes
to undergo physical and chemical testing to define disposal options or determine aeceptabdtty at a treatment,
storage, and disposal facility.

E.3 3 Compositing grab samples. In general, eompositing grab samples lends itself to lowering
analytical costs because tt reduces the number of analyses Collecting composite samples also requires
proj ect-specific decisions for several key points, including the type of composite samphng technique that will
meet the project needs (i.e., time composite, areal composite, etc.); the total number of composite samples
needed; the number of grab samples in each composite; and the size and pattern of the sampling grid. These
issues may depend on the sine oftbe area under investigation, the nature oftbe contaminants, and the position
of the regulators. Good documentation of sampling locations is also essential in all field sampling, particu-
larly when several grab samples are being homogenized to form a composite. Ira contaminant is detected
in a composite sample, each of the discrete grab samples that made up the composite should be analyzed indi-
vidually to determine the actual distribution of the contamination. Procedures should be estabhshed between
the project manager and the laboratory to ensure that holding ttmes for the discrete grab samples are not
exceeded. However, caution should be exercised when reviewing this type of confirmatory analysis due to
the lag time between sample analyses and expiration of the holding times of the samples.

E.3.3.1 Solid matrix. Composite samples should be prepared as follows:

Collect discrete grab samples using the appropriate instructions as outlined in Appendices C and
D. To obtain a representative composite sample, it is important that all grab samples are collected
in identical fashion.

Homogenize the indtvidual discrete samples as outlined in Instruction E-2, and place them into
properly labeled sample containers.

Assemble the sample containers that contain the grab samples that will make up a specific
composite sample.

Remove an appropriate volume of discrete sample (ahquot) from each sample container and place
it mto a clean stainless steel mixing bowl. Each aliquot amount should be taken in an identical
fashion to facilitate representativeness. Avoid generating excess contaminated soil when possible.

Homogenize the aliquots as described in Inst,,action E-2.

Remove sample amounts from the homogenized composite sample and place them into the proper
containers for shipment to the laboratory.

Place the individual homogenized discrete samples m proper storage conditions after aliquots are
removed for compositmg, when a retestmg scheme is employed, or if it is of benefit to the project.
If the composite sample results do not appear to be accurate or ffevidence ofcontaminatmn exists,
subsequent analyses of the indtvidual grab samples that composed the composite may confirm the
results and provide discrete information.

E 3.3.2 Liquid mamx. The preparation ofliqmd matrix composite samples is typically easier than
that of solid matrices due to the tendency of liquids to homogenize easily. Also, It is common practice to
send liquid grab samples to the laboratory for compositing because of the difficulties in handling larger
sample volumes (4 to 16 L (1 to 4 gal) for a typical wastewater samphng event) and to minimize the potential
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to introduce contaminants. When liquid composite samples are to be generated in the field, the following
procedure should be used:

Assemble all sample containers that contain the grab samples that will make up a specific

composite sample.

Shake or stir the individual containers to homogemze.

Using clean glass or disposable pipets, deliver ahquots of the homogemzed grab samples dtrectly
into a sample container to he sent to the laboratory. (It will require five 200-mL (7-fl-oz) aliquots
from five discrete grab samples to generate a 1,000-mL (33-fl-oz) composite sample).

Seal the container and shake well to mix. Avoid stirring samples if possible to lower the potent]al
of ratrodecing contaminants.

At some sites it may be beneficial to save and store the indlv]dual homogemzed grab samples after
aliquots are removed for compositing. If the composite sample results do not appear to be
accurate, subsequent analyses of the mdividual grab samples that composed the composite may
confirm the results. Confmnatory analyses of these samples would hkely be for informational
parposes only since the holding times of the samples may have expired.

E.3.4 Potential problems.

E.3.4.1 Composlting does not allow the spatial vanability of contamination or dtscrote information
to be determined. Additional analyses of the individual grab samples are required.

E.3.4.2 Low concentrations of contaminants in individual grab samples may be diluted so that the
total composite concentration is below the detection hmit. In this case, the existence of the contamination
in individual samples would go unnoticed. Therefore, the maximum number of dtscrete samples eomposited
should be based on the dilution factor from the compositmg and the analytical sensinvity in comparison to
the project decision level and sensitivity requirements.

E.3.4.3 When the sampled medium is not amenable to mixing techniques (samples are moist and
clayey), it may be very difficult to create a homogeneous sample mixtm’e. Consequently, the resulting com-
posite may not represent an average of all the grabs.

E.3.4.4 Compositmg techmques should not be employed when chemical interactions may dimimsh
the integrity of the sample (i.e., VOC samples).

E.3.4.5 Compositmg schemes are not efficient when the goal ts to identify hot spots and there is a
high probability that the discrete samples contain detectable concentratmns. The amount of retesting may
be significant to achieve the objectives.

E.3.4.6 Compositing schemes are not efficient ffanalytical costs are low.

E 3.4.7 Obtaining samples by an automatt¢ sampling device ts typically difficult for the first- time
user. However, after the sampler has become famthar with the sampling device and any problems have been
addressed, these devines prove to be quite reliable.

E-11



753 53

Appendix C

Columbia Analytical Services USACE MRD
HTRW Laboratory Certification



March 2 I, 2002

Hazardous, Toxic and Radioactive Waste
Center of Expertise

Columbia Analytical Services
ATTN: Lee E. Wolf
1317 South 13th Avenue
Kelso, WA 98626

Gentlemen.

This correspondence addresses the recent evaluation of Columbia Analytical Services of
Kelso, WA, by the U.S. Asmy Corps o f Engineers (USACE) for chcmica| analysis in support 
the USACE Hazardous, Tome and Radioactive Waste Program.

Your laboratory is now validated for the parameters listed below’

METHOD PARAMETERS MATRIX(t)

300 Sertes Anionst4) Warerta)

90108/9012A Cyanide Wat~"cO

9013/9012A Cyanide Solids

8330 Explosives Wate~)

8330 Explosives Solids¢z)

8151A Herbicides Watta~)

8151 A Herbicides Solids

6010B/7000A TAL MetalsO) Watelx2)

6010B/7000A TAL Metals(3) Solidst2)

6020/7470A TAL Metals0) WaterO)

6020/7471 A TAL Metals°) Solidst~)

8081A Organochlorine Pesticides Watec¢2)

8081A Orgav.ochlorine Pesticides Solids
8082 Polychlormated Biphenyls Water~2)

8082 Polychlorinatcd Biphenyls Sohds(2)

8310 PAl-Is Water(2)

8310 PAHs Solids

8270C-SIM PAH-S]M Water
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8270C-SIM PAH-SIM Solids
314.0 Perchlorates Water(2}

314.0 Perchlurates Solids
8270C Semivolatile Organics WaterC2}
8270C Semivolatile Organics Solids(2)
9060 TOC Watert2)

9060M TOC Solids
AK 101,102, 103 TPH- GRO/DRO/RRO WaterO)

AK 101,102, 103 TPH - GRO/DRO/R.RO Solids(5)

8021B Volatile Organics Watera)

8021B Volatile Organics Solids
8260B Volatile Organics WaterC2)

8260B Volatile Organics Solids

Rcraarks: I ) ’Solids’ includes soils, sediments, and solid wasle,

2) The laboratory has successfully analyzed a performance evaluation sample for this
mcthod/nmtrix.

3) TAL Metals: Aluminum, antimony, atsemc, barium, beryllium, cadmium, calcium,
chromium, cobalt, copper, tron, lead, magnesmm, manganese, mercury, mckd,
potassium, selenium, silver, sodium, thallimn, vauadmm, and zinc.

4) Amens: nitrate, ortho-phosphate, chloride, sulfate, and fluoride.

5) Approval for thts parameter m based on review of SOPs only

Based on the successful analysis of the performance evaluation samples and the outcome of
the laboratory audit conducted by the Navy on June 13, 14 & 15 June, 2001, your laboratory will
be validated for sample analysis by the methods listed above. Note that any corrective action
committed to by your laboratory as a result of the Navy inspection will also apply to this USACE
validation. The period of validation is 24 months and expires on March 21, 2004.

The USACE reserves the right to conduct additional laboratory inspection or to suspend
validation status for anyor all of the listed parameters if deemed necessary. It should benoted
that your laboratory may not subcontract USACE analytical work to any other laboratory location
without the approval of this office. Thxs laboratory validation does not guarantee the delivery of
any analytical samples from a USACE Contracting Officer Representative.
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- 3 -

Any queshons of comments can be directed to Richard Kissinger at (402) 697-2569. General
questions regarding laboratory validation may be directed to the Laboratory Validation
Coordinator at (402) 697-2574.

Sincerely,

Toxic alld Radioactive Waste
Center of Expertise
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Appendix D

Electronic Data Deliverable Specification



752 58

0
o

o
o

Z



753 59

w

o
o

o0-

z£0



753 60

¢,~’

-~ -~

CO

>

Z

L~

0
C3

o

0-

~9



753 61

!

t)

0~

e2

[6~’-
~o ~=~=~o

,’- > 0

:.~ ==

~ orJ

ke~

~ o
o ~

a~

.~o-~

,...1

o ~

~o

o

0

0

o
o

8

z



753 62

0

--~

0

0 ~

"6

X

’~ e’-

0 ~

~~

k)

~2
X

= !£

m ~

E E

m m e~

ku

o.

o

z
(.9



753 G3

U

0 l~ o

£
o

.,o
&

z



753 G4

o
o

z
0



753 65

0 0 0

Z

b,O

o

~.~
.~..~.~

,~ 0
~ 0

.E~
¯ .~ 2 c~
o .~ ~.

O"

;~ ~.~

m t~
~J
o

r~

&

z



753 66

< <<<~ o

01

&

z



753 67

o

[J3

¯ . ~ ~
¢,

,-, ~" ~ ~ ~ o .= ~ ~,

. ~ o=i~i~~i o~:o ~.~~.~ ~,~
.~.~. =

:~ ~ ~.~ ~ ;~ ¯

~~00 0000
o ~ o o ~ ~ ~ ~ ~ ~ !~~~ ~~I~

~~.~.~.~00 000 r’-,

0
0

z



753 68

aJ

¢9

o
e~

go

<

O
2:

N

e-,

O
O

w

Z



753 69

Appendix E

Example Degradation Pathways of PCP
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FIGURE B-I
Potential Reducbve Dechlonnat,on Pathway for PCP

2-CP

P’CP 2 4,6-TCP 2,4-DCP ~CI ,~OH I Phenol

c,~?"c, ~ y~.~ ~v co,
Ct c; cI

@ /"
c’l
4-Cp

FiR. S Proposed a pathway for anac~bic dechlorinabon and degra-
dation by the PCP-d=gr’adhzg 8ranulcs, Part of the PCP was de*
chlonnated through 7.,4,6-tr~chlorophenol , (TCP). 2,4-dlch-
]orophcnoi (DCP], and 2-chlnrophcnol (CP) or 4-CP to phenol and
phenol was further degraded to m~thanc and COz (o ordm de-
chlorination; m mere dechlorination; p para dechlonaation)

Source: Kennes, C., W M. Wu, L. Bhatnager, and J.G. Zeikus. 1996. Anaerobic
dechlormahon and mmerahzatwn of pentachlorophenol and 2,4,6-trTchlorophenol by

methanogemc pentachlorophenol-degradmg granules Apphed Microbiology and
Biotechnology, Volume 44, p. 805.
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FIGURE B-2
Aerobic DegradatLon Pathway for PCP

Source: Zeng, Yuemo 2003. University of Minnesota.
http://umbbd.ahc.umn.edu/pcp/pcp map html
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Appendix F

Excerpts from the USACE EM385-1-1
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Appendix G

PCP Dip Vat Investigation Schedule of
Activities
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