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1.0 Introduction

This Rev. 1 Remedial Design (RD) Workplan for the Main Installation (MI) of the former
Memphis Depot (Depot) m Memphis, Shelby County, Tennessee, has been prepared for the
U.S. Army Corps of Engineers (USACE) - Huntsville Center as part of Task Order 13 under
contract number DACA87-94-D43009. This document is m accordance with the
Comprehensive ’Environmental Response, Compensation, and Liability Act (CERCLA), 
amended by the Superfund Amendments and Reauthonzahon Act (SARA), and to the
extent applicable, the Nahonal Oil and HaTardous Pollution Contingency Plan (NCP). This
workplan is also consistent with the Record of Decision (ROD) for the MI issued 
,September 7, 2001 The Rev 0 version of this document was submitted for review on
January 14, 2002. Comments have been received and responded to accordingly.

This document compiles wath CERCLA guidance on conducting an RD and has been

submitted to satisfy the reqmrements outlined by the Base Reahgnment and Closure
(BRAC) Act as well as requirements set forth by the BRAC Cleanup Team (BCT) for 
Depot The BCT, which is composed of representahves of the Defense Loglshcs Agency
(DLA), Tennessee Department of Environment and Conservation CI’DEC), and the U.S.
Environmental Protechon Agency (EPA), will momtor the progress of the RD and will
review all documents prior to issuance as a final document.

Subsequent to the signing the Final MI ROD and prior to the tssuance of this RD Workplan,
a Long-Term Operahonal Area (LTOA) investigation was conducted from September
through December 2001 at the MI at the request of TDEC The following reformation was
included m the ROD to address the pre.-design LTOA data collection activtty:

"TDEC requested addlhonal confirmatzon t/tat no dense non-aqueous phase liquzd
(DNAPL) sources occur beneath historic long-term operahonal areas on the MI.
There ts no evtdence from the [Remedtal Investigataon] RI and groundwater
[Feasibility Study] FS that a DNAPL is present m the groundwater on the MI;
however, the Depot and EPA agreed to complete this testing prior to begmmng the
remedtal design The pre-destgn tests will include dnlhng new sod bonngs and
momtormg wells at selected localT"ons wtthm the MI and obtainmg sod and
groundwater samples for targeted laboratory analysts. "Fhe results of these pre-design
tests are not expected to change the effectiveness of the selected remedy for
groundwater, however zf results of the pre-destgn tests mdtcate a szgnlficant or

fundamental change to the remedy ts warranted, then an Explanatwn of Stgmficant
D~ffere~tces (ESD) or a ROD amendment would be required in accordance with
CERCLA §117(c) and NCP ~§300 435(c)(2)0) and "

The results of the LTOA inveshgation, which will be prcsented as Appendix A to this
workplan, have been used to supplement the Rev. 1 Enhanced Btoremedtatlon Treatment
(EBT) Treatability Study workplan. That workplan is presented as Appendix B to this
document and presents the requirements for the work to be conducted at the MI as part of
the RD. Based on a March 25, 2002, decision, the Rev. 1 version of the LTOA Technical
Memorandum has been temporarily separated from this RD Workplan to complete

ATLO%160492%TASK RD 03 MI REMEDIAL DESM3N%REV t MI RD WOf~(PiA~T~ I MI RD WORK PLAN _ DOC 1-1
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discussions about the future of the LTOA investigahon. The Rev. l LTOA Technical
Memorandum will be included in the final version of the MI RD Workplan.

1.1 Purposes of RD Workplan
The purposes of the RD workplan are to:

¯ Describe the remedy selected for the MI as stated within the ROD;
¯ Present the RD/Remedial Achon (RA) oblectwes for the MI;
¯ Present the RD tasks along with a schedule for accomplishing each task; and
¯ Idenhfy major deliverables and their submittal dates

1.2 Organization of RD Workplan
Thas RD workplan ]s organized as follows:

Section 2
Section 3
Section 4
Section 5
Section 6
Appendix A
later date)
Appendix B
Appendix C
(amended)

Site Description
Remedial Design Tasks
Remedial Design Schedule
Prolect Management Plan
References

Rev. 1 LTOA Techmcal Memorandum (to be submitted at 

Rev. 1 MI EBT Treatability Study Workplan
August 1995 Final Generic Quality Assurance Prolect Plan
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2.0 Site Description

2.1 Site Name, Location, and Description
The Memphis Depot (Depot) is a former military supply facility that closed m September
1997 under the BRAC Act. The Depot is located in southeastern Memphis, Tennessee
(Figure 2-1), approximately 5 miles east of the Mississippi River and just northeast 
Interstate 240. The Depot includes two components’ the MI, which zs the focus of this
workpIan, and Dunn Field. Atrways Boulevard borders the Depot on the east and provides
primary access to the site Dunn Avenue, Ball Road, and Perry Road form the northern,
southern, and western boundaries of the MI, respectively. At the time of closure, the Depot
included approximately 118 buildings, 26 miles of railroad track, and 28 miles of paved
streets, the majority of which lie within the M1 The facility includes approximately

5.5 milhon square feet (ft 2) of covered storage space and approximately 6 million ft 2 of open
space.

For the purposes of completing the remedial investigation (RI) and feasibility study (FS),
while complying with BRAC requirements, the term "Funchonal Unit" (FU) was established
to identify groups of sites on the MI based on operational history, expected use, location,
and generally uniform human health exposure. The FUs are a refinement of the "Operable
Unit" (OL0 deslgnatlon and are based on common past and anhclpated future use of the
land on the MI The MI is dwlded into six FUs A seventh FU ts the groundwater beneath
the MI. The FUs are defined in Table 2-1 and shown graphically on Figure 2-2. The ROD for
the MI addressed FUs I through 7. The lead agency for site activities at the Depot is the
DLA. The regulatory oversight agencies are EPA and TDEC. DLA will implement the
selected response actions and will incur all associated costs The Depot has an EPA
Identification Number listed as TN4210020570.

2.2 Site History and Enforcement Activities
Starting m the 1940s, the Depot received, warehoused, and distributed supphes common to
all U.S military services and some cwfl agenctes Actwlhes at the MI included storing and
shipping various materials (e.g., food, clothing, medical supplies) and industrial supphes
(e g, hazardous materials). Several commonly used hazardous materials were also used for
facility maintenance. Hazardous materials which were used or stored at the Depot during
Its operataonal period include flammables, solvents, petroleum/oil/lubricants (POL),
paints, pesticides, herbicides, wood treating products, oxidizers, corrosives, and reachves.

Types of past achvltaes that led to the presence of hazardous materials m the environmental
media at the facility included pesticide application, painting and sandblasting, vehicle
maintenance, and hazardous material handhng/storage. Other historical activities in open
and enclosed storage areas included storing transformers with polychlorinated blphenyls
(PCBs), storing and using pesticides/herbicides, and treating wood products with penta-
chlorophenol (PCP) These industrial actw|ties (e.g, sandblashng of lead-based paints,
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application of pesticides, use of hazardous materials) resulted in the presence of metals,
pesticides, and other less frequently detected chemicals in surface soil, surface water, and
sediment above background concentrations.

Important dates for the Depot as part of the cleanup process for these chemicals are as
follows:

From 1989 through 1990, Law Environmental through a contract with the U.S. Army
Engineering and Support Center (USAESCH) conducted an RI at the Depot.

In January 1990, EPA Region 4 conducted a Resource Conservation and Recovery Act
(RCRA) Faclhty Assessment (RFA) at the facility through a contract with A.T. Kearney,
Inc. (EPA, 1990).

On September 28, 1990, the Depot was issued a RCRA Part B permit (No TN4 210-020-
570) by EPA Region 4 and TDEC. Subsequently, m accordance with Section 120(d)(2) 
CERCLA, Title 42, Section 9620(d)(2) of CERCLA, and Title 42, Section 9620(d) (2) 
United States Code (USC), EPA prepared a final Hazard Ranking System (HRS) Scoring
Package for the facility. On the basis of the final FtRS score of 58.06, EPA added the
Depot to the National Priorities List (NPL) by pubhcahon in the Federal Reglster (FR),
57 FR 47180 No 199, on October 14, 1992.

On March 6, 1995, a Federal Faclhties Agreement (FFA) under CERCLA, Section 120,
and RCRA, Sections 3008(h), and 3004(u) and (v), was reached by EPA, TDEC, and 
Depot. The FFA ]dent|bed a list of sites for investigation. Table 2-2 of the MI ROD
presents these s|tes. The FFA also outhned the terms under which the mveshgahon and
cleanup will be conducted. The selected remedy addresses all concerns related to these
sites.

In July 1995, the Depot was identified for closure under the BRAC process, which
requires environmental restoration at the Depot to comply with reqmrements for
property transfer under Public Law 101-510 of Title XXIX, Defense Base Closure and
Reahgnment. After the Depot was placed on the BRAC closure hst, the City of Memphis
and County of Shelby established the Memphis Depot Redevelopment Agency, now the
Depot Redevelopment Corporation (DRC), to plan and coordinate the reuse of the
Depot. The DRC conducted several public meetings during the preparation of its
Memphis Depot Redevelopment Plan to obtain community feedback on future land use
plans. The MempMs Depot Redevelopment Plan was approved in 1997.

From 1995 through 2000, the Depot conducted an RI/FS under EPA, TDEC, and DLA
oversight. The Rl workplans were prepared in 1995 (and amended m 1998), and the 
report was finalized in January 2000. Separate FS reports were prepared for the soils and
groundwater on the MI. Both FS reports were finalized in July 2000. The Proposed Plan
for the M! was finalized in August 2000.

In addition, a number of interim remedial actions (IRAs) were conducted at the MI These
IRAs included removal of soils containing pesticides, PCBs and PCP surrounding the MI
Housing Area, cafeteria (Building 274), and PCP dip vat area (Building 737), respectively.
The removal of surface softs containing elevated metals and polynuclear aromatic hydro
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carbons (PAHs) near the southwest corner of the MI (FU3) was completed m August 2000.
IRAs that have been performed at the MI are detailed below.

¯ Approximately 602 cy3 of surface and subsurface soil was removed from the PCP dip vat
area in FU4 (Budding 737) because of elevated levels of PCP (completed m 1985).

¯ Approximately 5,000 tons or 3,700 cy3 of surface soft m the Housing Area of FU6 was
removed because of the presence of dieldrin (began in June 1998; completed in October
1998). The soil was disposed at a RCRA-permitted Subhtle D land/ill. The Housing Area
is an excephon to the overall industrial land use for MI and is acceptable for residential
reuse.

Approximately 530 tons or 400 cy3 of surface soil surrounding the cafeteria (Building
274) in FU6 was removed because of elevated levels of PCBs (began in October 1998,
completed in November 1998) The soft was disposed at a RCRA-permitted Subtitle 
landfill.

¯ Approximately 980 cy3 of surface and subsurface soft from near Buildings 1084, 1085,
1087, 1088, 1089 and 1090 was removed because of elevated levels of metals and PAHs
(began m May 2000; completed in August 2000). The soil was disposed at a RCRA-
perm|tted Subtitle D landfall.

In addition to these IRAs, one other remedial action (RA) was accomplished m July and
August 2001. Approximately 300 cy3 of surface soft was excavated near Building 949 in FU4
because of elevated levels of lead. The removal included contaminated surface soils where
lead concentrations were equal to or greater than 1,536 milligrams per k|logram (mg/kg)
and were disposed of at a RCRA-approved off-site landfill. Following excavation of the
contaminated .,;oil, clean backhH was placed in all areas excavated, and the entire area was
restored to pre-RA condihons. To accomphsh the removal, the DLA exerc|sed its removal
authority under CERCLA Sechon 104, as delegated m Executive Order 12580, and removed
the lead-contaminated soft after development of, but before final execution of, the ROD
Both EPA and TDEC agreed that the action was an appropriate part of a final, protective
remedy, regardless of the timing of the action and the CERCLA authority under which it
was performed. As of the writing of th|s document, a final report on the removal is being
developed.

2.3 Planned Response Actions at the MI
The ROD detailed several RAs to actueve acceptable residual risk levels and allow for the
planned industrial and recreat|onal land use for the MI. These include"

Restrict (1) future residentml land use (except for the exishng Housmg Area m FU6) 
FUs I through 6, (2) day care operahons m FUs I through 6, and (3) casual access to 
from adjacent off-site residents through land use controls. It should be noted that FU6
consists of BRAC Parcels 1, 2, 4, and 5. In 1998, surface soft m the Housing Area of FU6,
BRAC Parcel 2, was removed because of the presence of dieldrin The Housing Area m
the only portion of the Ml that may be used for future resldentml purposes, according to
the DRC’s Memp/ns Depot Redevelopment Plan. As such, it has been restored to meet the
risk criteria for both industrial and residential use. Analytical results from soft samples

ATU>~160492~TASK RD 03 - MI REMEDL~. DE~V 1 MI RD W(~’~TE.~ 1 MI RD WC4~VJ>LAN _ C~C 2*3
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collected in the open area around Building 144 and the north and south paved parking
lots within BRAC Parcel 1 also indicated contaminant levels that are not inconsistent
with unrestricted use The remainder of FU6 is safe for industrial use but not suitable for
future residential use. Land use controls will be placed on these areas to prevent future
restdentlal use and day care operahons, etc

Prevent future groundwater use on the MI whde concentratmns of chemicals of concern
(COCs) are above maximum contaminant levels (MCLs).

Reduce to MCLs the concentrations of COCs m groundwater within the entire plume
both on- and offsate of the MI.

Conduct 5-year reviews of the RA according to Section 121(c) of CERCLA and NCP
§300 430(f)(5)(ili)(q if there are any hazardous substances, pollutants, or contaminants
remaining at the site above levels that would allow for unhmited use and unrestricted
exposure The review will be conducted no less often than every 5 years after the
imhatlon of such RA to assure that human health and the environment are being
protected by the RA being implemented.

In addition to the RAs developed within the ROD, a Long-Term Monitoring (LTM) Plan will
be developed for both groundwater and land use controls at the MI. The LTM for
groundwater is further described in Section 2.5.2.1. The land use controls LTM plan wdl be
completed through a through a land use controls implementahon plan (LUCIP), 
described in Sechon 2.5.1.1.

2.4 RD/RA Objectives
Remedml achon objectwes (RAOs) are medium-specff|c goals that the RAs are expected 
accomphsh to protect human health and the enwronment They grade the formulation and
evaluation of remedial alternatives. RAOs have been developed to reflect the anticipated
future land use for the MI in accordance with EPA Policy, Land Use m the CERCLA Remedy
Selection Process (OSWER D~rective No 9355 7-04)

The groundwater RAOs are expected to prevent ingestion of water contaminated wath
volatile orgamc compounds (VOCs) in excess of MCLs from potenhal future onslte wells;
restore groundwater to levels at or less than MCLs, and prevent horizontal and vertical
offsite mtgratlon of groundwater contaminants in excess of MCLs. The MCLs for
trichloroethene (TCE) (5 micrograms per hter [/ag/L]) and tetrachloroethene (PCE) (5 
are the relevant and appropriate requirements for groundwater beneath the MI.

The surface sod RAO for protect|on of future on-sate residents is to prevent direct
contact/ingestion of surface softs contaminated with dieldrin and arsenic m excess of
human health risk assessment (HHRA) criteria for residents and to prevent d|rect
contact/ingestion of surface softs contaminated with lead m excess of risk-based criteria for
protection of residential children.

The RAOs will reduce the excess hfehme cancer risk (ELCR) and hazard index (HI)
assocmted with exposure to contaminated soil to acceptable levels for future workers and
will prevent future resadential development of the sate. This wdl be achieved by reducing
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the exposure concentration of lead to the target cleanup level of 1,536 mg/kg (calculated
using blood-lead uptake models) and by imposing land use restrictions. As discussed in
Section 2 2, the reduchon of lead to the target cleanup level has been accomplished with
removal of soil from the Building 949 area.

Ik, cause there are no federal or state clean-up standards for soil contaminahon, these clean-up
standards were established on the basis of the HHRA. Targets were selected that will (1)
reduce the risk associated with exposure to soil contaminants to an acceptable level and (2)
restrict the migration of contaminants into the groundwater.

2.5 Remedies Selected for the MI
The selected surface soil and groundwater remedies as identified in the final ROD for the MI
are discussed below.

2.5.1 Surface Soil

2.5.1.1 Land Use Controls

Land use controls will leave contaminated surface soil m place, but will provide deed
restrictions, in addition to the existing land use controls, thereby limiting exposure by
deftrung the future use of the MI.

Deed (including lease) restrictions will restrict residenhal land use m FU1 through FU6
(exclusive of Parcels I and 2 in FU6 which are available for unrestricted use) where dieldrin,
arsemc, and/or lead m the surface soil pose an unacceptable risk for such use. Residential

use controls will include prevenhng day care operations in all FUs In addition, a boundary
fence surrounding FU2 will be maintained to preclude casual access by adjacent off-site
residents.

Restrictions and controls will be coordinated with the Depot reuse implementation plans,
and will be included m all deeds and leases. The deed restrictions and site controls, in
addition to the existing land use controls, to be applied are as follows.

Deed Restrictions Preventing
FU Residential Land Use" Site Controls

1 X

2 X

3 x

4 x

5 x

6 X¢

Xb

¯ IncJudes day care restrict=on
b Maintaining a boundary fenco surroundtng FU2 to weclude casual access by adjacent off-sdo

r6sid~3nts
=DOOd rostnctions do not ably to Parcels 1 and 2 Of FU6

Land use controls selected in the ROD (excluding Parcels I and 2 of FU6) wilh

ATU~t 60492~T,q.SK RD 03 Pall RF.MED¢~ DESd~a~REV 1 M~ RD ~TEX3~REV 1 MI RD WOW-PtAN _ OOC 2-5
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¯ Prevent future residenhal land use in FUs I through 6, thus ehminating the risks
associated with that land use scenario.

¯ Prevent casual access by adjacent off-site residents through maintenance of a boundary
fence surrounding FU2.

¯ Prevent day care operataons m FU1 through 6.

Applying land use controls will result m the following m each FU (excluding Parcels I and 
of FU6):

FUs 1, 3, 4, 5, and 6 are acceptable for industrial use. Land use controls to prevent
residential development are the only remedial action needed to address unacceptable
risk in surface soils at FU 1, 3, 4, 5,and 6.

FU2 is acceptable for recreahonal use. With land use controls m place to prevent future
residenhal development, and to prevent casual access by adjacent off-site residents
through maintenance of a boundary fence, FU2 can be used for recreahonal purposes. In
addition, according to Section 24 of the Memphis and Shelby County zoning regulahons,
single-family and multi-family ~osidential uses are prohibited. Also, under the Federal
Property Management Regulations, FU2 is slated for transfer from the Department of
Defense (DoD), specifically the Army, to the Department of Interior/National Park
Service (DOI/NPS) It will then be transferred by public benefit conveyance to the City
of Memphis for use as a park. According to 41 CFR 101-47.308-7, property for use as a
public park or recreational area must be used and maintained for the purpose for which
it was conveyed in perpetuity, or be returned to the United States (24 CFR 51D)

Land use conlxols are part of the selected remedy for the MI, and will be implemented
through a land use controls implementation plan (LUCIP). The LUCIP is being developed 
part of the MI RD by the DLA and the Army The timing and nature of the monitoring and
reporting for the land use controls shall be specified in the LUCIP. However, to remain
protectave, land use controls depend on annual monitoring, as well as maintenance of site
controls. The results of the annual evaluation shall be reported to TDEC and EPA. The deed
restrictions will add a layer of protectaon against future residential use that wall augment
current zoning restrictions.

2.5.1.2 Excavation and Off.site Disposal
As described in Section 2 2 of this document, this RA has been accomplished with
acceptance from EPA, TDEC, and the DLA.

2.5.2 Groundwater
2.5.2.1 Enhanced Bioremediation
This RA uses injection of nutrients to enhance the natural biodegradahon processes. The
remedy will accelerate biodegradation in the most contaminated parts of the plume.
Untreated parts of the plume will degrade as a result of natural attenuation processes. In the
absence of pilot test data, a conservative assumption was made that the nutrients will triple
the biodegradation rate within the aquifer, and the duration of the remedial action was

ATLJ~lE~49~TA.~X RD 03- MI REMEDt&L DES,I(~N~REV IMIRD ~TEXT,,R_~V 1MIRDWO~KP’LAN_ DOC 2-6
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assumed to be 10 years. Therefore, enhanced bioremed~atmn must also include land use
controls and groundwater monitoring.

Prehmmary design components will include the following"

¯ Nutrient rejection into the fluvial aquifer will be conducted via borings or wells.
Treatment zones will be estabhshed in the most contaminated parts of the plume within
the MI. Treatabihty studies will be required to determine mlectlon volumes, spacing,
and depth. Nutrient re-injection will occur at intervals determined by pilot tests and
monitoring results

¯ Deed restrictions will prohibit the installation and use of produchon and consumptive
use wells and drilling into aquifers below the fluvial aquifer until cleanup levels are
achieved. The deed restrictions will also guarantee access to contingency areas, all injec-
hon, boundary, sentinel, and monitoring wells for the life of the remedy. These restric-
hons might be removed at the completion of the remedy. An annual evaluation will be
conducted in accordance with the LUCIP to verify that land use controls and deed
restrichons are m effect and to ensure that land use changes that may pose an unaccept-
able risk to the users have not occurred The LUCIP is being developed as part of the RD
by the DLA and the Army.

¯ A network of groundwater wells will be monitored at a frequency that will be
determined during the RD; however, monitoring will be no less than annual for the hrst
5 years. Well locations will be chosen during the RD with the following guidelines:

- Wells inside the groundwater plumes to measure the effect of enhanced
btoremediation and natural attenuahon. Water samples wdl be analyzed for VOCs as
well as degradation products

Boundary wells to detect potential migrat|on of a plume to the MI boundary. Water
samples will be analyzed for VOCs.

Sentinel wells to detect potential migrat|on of a plume into the deeper intermediate
aquifer. Water samples will be analyzed for VOCs."

¯ Monitoring well maintenance (cleaning, wellhead repalrs) will be performed as needed.

¯ Annual summaries of monitoring data will be produced to document the site conditions
and progress of the remedy

¯ Groundwater concentrations will meet MCLs in all monitonng wells for four

consecutive monitoring periods to demonstrate completion of the remedy. The sampling
schedule will therefore be subject to change m response to observed trends and
variabihty.

¯ Contingency provisions will ensure that ff groundwater contamination exceeds MCLs at

the boundary wells or the sentinel wells, more active measures for plume control wnll be
implemented.

¯ Without detailed information regarding the magnitude of MCL exceedances at
boundary or senhnel wells in the future, development of a detailed contingency plan is



not possible. Rather, should it be determined that the selected RA is not achieving RAOs
and an alternatwe remedlahon strategy is warranted, a detailed contingency plan would
be completed at that hme The contingency plan would evaluate the exlshng site data
and evaluate alternahves that could be implemented to achieve RAOs. The contingency
plan would be reviewed by stakeholders, commented upon, and revised as necessary for
the purpose of finalizing the revised remedy. The public notiflcahon and remedy
modification phases of work would then be completed to document the revised remedy.
Finally, the revised remedy would be designed and then implemented. The time
between identifying the need for an alternative remedy and implementation of the
rewsed remedlatton s~ategy is eshmated at 8 to 12 months, provided funding is
available.

Groundwater samphng conducted as part of the LTOA pre-deslgn data collection actiwhes
have identified addlhonal areas of groundwater contaminabon on the MI, and higher
concentrations of VOCs from those detected during the RI/FS (see Appendix A). The EBT
Treatability Study (see Appendix B) and RD will be adjusted to address this new
information, however, the results of the pre-design tests don’t indicate a slgnihcant or
fundamental change to the remedy nor is the effectiveness of the selected remedy for
groundwater expected to change



3.0 Remedial Design Tasks

This section presents the approach for the RD and a description of the RD tasks As
described in Section 2 5, the remedies selected for surface soft have been executed prior to

completion of the ROD or will be zmplemented through completion of the LUCIF
document. The Memphis Depot will implement the tasks described hereto to develop the
RD for the Altemative GW3 remedy.

After the RD workplan and the EBT Treatability Study are completed, the RD will begin
with the intermediate design, which wdl include the draft drawings and speclhcations,
design analysis, construction needs, operahon and maintenance (O&M) requirements, mihal
RA component cost estimate, and a Performance Standards Verihcatlon Plan. The
intermediate design will represent the 60 percent completion of the design effort The Rev. 1
LTOA Techmcal Memorandum and Rev. 0 EBT Treatability Study report will be submitted
along with the intermediate design to the BCT. A value engineering analysis will be
performed for the intermediate design. The results of the analysis will be presented in the
intermediate design submittal.

The prefmal design will represent the 90 percent completion point of the design effort. The
prefinal design submittal will include a complete design analysis, the final drawings and
basra of des|gn specdlcatlons, prefinal construction schedule, and revised construction cost
estimate. BCT comments on the prefmal deszgn will be addressed in the final deszgn.

Table 3-1 prowdes a complete hst of the tasks to be performed, reformation needed for each
task, results expected from each task, and a description of the work products that will be
submitted to the BCT.

3.1 Task I - Project Planning
This task includes gathering existing information about the site and determining if
additional data are needed to support the RD process.

3.1.1 Site Background
Section 2.0 discussed the current regulatory status of the MI as described in the September
2001 ROD. The presentat|on of this material included informahon from the MI RI and FS.
This task has been completed.

3.1.2 Project Planning
Planmng actzvities prior to initiating the development of the MI RD Workplan included
completion of the MI ROD and the November and December 2001 BCT meetings in
Memphzs and Atlanta, respeehvely. The BCT meetings included dlscusszons of the schedule
of activihes for the RD as well as discussmn of adddional data needs for the RD. The
addztional data needs are based upon review of data m the MI RI/FS documents and



comparison of these data to data requirements described in the EBT Treatability Study
workplan.

3.1.2.1 Documentation of Additional Data Requirements

Groundwater samples were collected from monitoring wells installed at the MIm 1996,
1997, and 1998. The 1998 event included sampling of groundwater in existing and newly
installed wells and push points from both on- and offslte locations. In 2000, a Momtored
Natural Attenuation Study was conducted across the Memphis Depot to define the efficacy
of natural attenuation as a remedy within the fluvial aquifer that underhes the area. During
this study, geochemical parameters were collected from a specific number of monitoring
wells. Since the last groundwater sampling event at the MI, 5 additional momtoring wells
were installed to support the CSM and 17 additional momtoring wells were installed as part
of the LTOA inveshgaUon.

Review of the existing groundwater data indicates that sampling events have not occurred
consLstently and have only included monitoring wells that were existing at that time (i.e.,
not comprehensive sampling events). In addition, during comprehensive sampling events,
not all wells were sampled. There has not been a recent site-wide sampling event that
involves all on- and offsite momtoring wells and sample analysis for VOC and geochemical
parameter content. The BCT has therefore decided to include a baseline groundwater
sampling event as part of the RD process, except for those recently (December 2001)
installed and sampled as part of the LTOA investigation. The data from the basehne event,
which was conducted during the week of March 18 through 22, 2002, wdl be used to (1)
estabhsh monitoring well locahons for the EBT Treatabdlty Study; (2) provide up-to-date
VOC contaminant concentration data for the fluvial aquifer; (3) provide up-to-date
geochemical parameter data for the fluvial aquifer, and (4) define the quanhty of nutrient
source needed to enhance reductive dechlorination within the fluwal aquifer. In addition,
the data from the baseline sampling event wdl be reviewed along with existing
groundwater sample analyt|cal data for the MI to define those wells that will be required for
long-term monitoring purposes

The methods used to sample on- and offsite monitoring wells, as well as the analytical
methods to be used for VOC and geochemical parameters, are described in the Baseline
Groundwater Sampling Plan for Mare Installahon Monitoring Wells. This document was
given approval for achon by the BCT members during the December 2001 meeting and is
included as an Appendix A to the EBT Treatability Study Workplan, which is Appendix B to
this document

3.2 Task II - Remedial Design
The RD will be implemented in accordance with standard professional engineering and
construction prachces using currently accepted environmental protection technologies.
Work products of the RD are described below.

3.2.1 Remedial Design Planning
The RD wLll require additional data in the form of a baseline groundwater sampling event
and an EBT Treatab|lity Study. To provide these data, additional sampling and the treata-
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bility study will be conducted based on the RD workplan as the governing document for
directing this work. The basehne event field effort was conducted from March 18 through
22, 2002. In addition, the Rev. I EBT Treatability Study workplan for the MI has been
developed and is submltted with this document as Appendix B for BCT review and
comment. In addition, the MI Generic Health and Safety Plan (HASP) has been completely
revised to include those tasks pertinent to this RD. The MI Generic Quality Assurance
Project Plan (QAPP) has also been internally revised to include amendments completed 

required for additional data collection actwlties during the RI and a compendium has been
added to describe these changes.

3.2.2 Preparation of the RD Workplan
This document provides reformation on the additional site work and the steps reqmred to
develop the RD. The workplan is based upon CERCLA guidance as well as the Federal
Facility Agreement. Other resources include the RD/RA Handbook from the EPA Office of
Emergency and Remedial Response (June 1995). Before work is conducted, the 
workplan and the EBT Treatabdity Study workplan will be approved by the BCT. The RD
workplan will be used to prepare the intermediate, prefmal, and final RD documents.

3.2.3 Preparation of the EBT Treatability Study Workplan
EBT was selected as the groundwater remedy m the MI ROD, which outlined the
requirements for a treatabihty study of ttus remedy The treatability study workplan is
included as Appendix B. The workplan will be rewsed after rewew comments are received.
The final version will be included m the intermediate and final RD documents.

The EBT Treatability Study will assess the natural blodegradabihty of s|te-specif|c chemicals
(specifically CVOCs) in groundwater underlying the site in response to the injection 
nutrients The nutrients will accelerate biodegradation in the most contaminated parts of the
aquifer. The nutrients will typically consist of a carbon source such as vegetable off or lactic
acid. Other commercially available sources exist, including Hydrogen Releasing
Compounds or HRC~ from Regensis~. As described in Appendix B, the study focuses on the
use of vegetable oil and lactic acid.

3.2.4 Intermediate Design
The intermediate design, submitted to the BCT when the design effort is 60 percent
complete, will consist of reformation presented as the draft design analysis, draft drawings
and specifications, draft construction schedule, operation and maintenance (O&M)
requirements, initial RA component cost estimate, and a draft Performance Standards

Verification Plan. A value engineering analys|s will be performed for the intermediate
design. The results of the analysis will be presented in the intermediate design submittal.

The design analysis will include evaluations conducted to establish the design criteria for
each remedy component in sufficient detail to provide the basis for the design approach and
subsequent design decisions and production actwltles. Where necessary, supporting design
calculations will be included in the intermediate design submittal.

Draft construction drawings and technical specifications for the remedy components will be
prepared and submitted. Specifications may include but not be limited to specifications for
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construction, installatzon, szte preparation, and field work standards Specifications will
conform to USACE ETL 1006, Techmcal Reqmrements for Pre-design and Deszgn Submzttals. The
intermediate design will also include a draft construction schedule for the RA. The schedule
will include prolect milestones, estimated actwlty duration, estimated task completion
dates, and critical path tasks.

The intermediate design will also include a draft O&M plan for facihties, equipment, or and
remedial methods outlined m the RD documents. The plan will mchide all activities that
require routine maintenance, as well as a draft schedule of these activitaes. In addition to the
O&M plan, an initial RA cost estimate will be presented. The cost eshmate will include, as
necessary, operating labor, maintenance material and labor, component costs, materials and
energy, purchased services, and administrahve costs. The cost estimate at this pomt will be
accurate to within plus 40 percent and minus 20 percent.

A Performance Standards Verihcation Plan will be developed and submitted m the
intermediate design. The plan will include the following:

¯ The Performance Standards Verification Samphng and Analysis Plan, which provides
guidance for held work by defining sampling and data gathenng methods to be used.

The Performance Standards Verification Quality Assurance/Quality Control Project
Plan, which describes the quality assurance and quality control protocols to be followed

in demonstrating compliance with performance standards.

A schedule for tasks to be performed to demonstrate comphance with performance
standards The schedule will also include lmplementatmn activihes for the Land Use
Controls as part of the overall RA.

In addition, the LUCIP, which is part of the RD, shall be submitted during the des|gn
development process in accordance with the Memphis Depot Master Schedule, so that it
will be ready for approval not later than the approval date for the pre-fmal/final RD.

3.2.5 Preflnal/Final Design
The prefmal design, submitted to the BCT when the design effort is 90 percent complete,
will consist of information presented in the complete des|gn analysis, prefinal drawings and
spec|fications, prefmal construction schedule, prefmal O&M plan, and a prefinal RA
component cost estimate. After review by the BCT, the prefmal design will be modified to
address rewew comments, and the modified design will be the final design The final des|gn
submittal will mchide a memorandum that will describe how the prefinal design comments
have been incorporated into the final deszgn.

All completed d~ign calculations and analyses of design criteria will be presented in
support of the selected design approach. Construction drawings and technical specifications
will be submitted in final form in the prefinal design along with a prefmal construction
schedule, O&M plan, and cost estimate. The final construction schedule will be reviewed

with Jacobs Engineering, Inc. 0acobs), the RA contractor for the Memphis Depot. The cost
estimate will also be rewewed with Jacobs, and will be within plus 15 to minus 10 percent of
the construction costs associated with |mplementation of the RD
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4.0 Remedial Design Schedule

This section presents the RD schedule (Figure 4-1), which includes the fonowmg:

¯ RD tasks as described in this document;
¯ Start and end dates, the duration, and the predecessors(s) for each task;
¯ Project milestones, including submittal dates for each deliverable
¯ Duration of BCT review for each dehverable; and
¯ Critical path for the RD

The dates for submittal of dehverables are presented m Table 4-1.

The RD consists of five major components.

¯ Review of site-specific data to def, ne the procedures for the baseline groundwater
sampling event required for the RD,

¯ Baseline groundwater sampling event;

¯ EBT Treatability Study to evaluate the effect|veness of the selected groundwater remedy;

¯ LUCIPdevelopment and completion;and

¯ Intermediate and prefinal and final designs
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5.0 Project Management Plan

This section presents the prolect organization for the RD, including key personnel and their
responsibilities, a project commurucations matrix, a data management plan, and the

reporting requirements.

5.1 Project Organization and Communication
The MI RD project team includes the BCT members (DLA, EPA and TDEC), USACE-
Huntsville, CH2M HILL, USACE-Mobile, and the RAC contractor, Jacobs. CH2M HILL is
developing the RD as specified in the contract with USACE-Huntsvdle USACE-Huntsville,
which Is under contract to the DLA, will rewew and approve all RD material before
submittal to the BCT. After approval by the BCT, USACE-Huntsvdle and CH2M HILL will
coordinate with USACE-Mobde and their contractor, Jacobs, for implementation of the RD.

Key personnel involved m the MI RD are presented in Figure 5-1. Mr Turpm Ballard of EPA
Region W, Mr. Jim Mornson of TDEC, and Mr. John De Back of the DLA are the BCT
members. Mr. Clyde Hunt is the Remedial Program Manager for DLA for the Memphis
Depot project and has responsibility as a BCT member in the absence of Mr. De Back.

Ms. Dorothy Richards is the Prolect Manager for the Memphis Depot project at USACE-
Huntsville. She is responsible for coordinating with DLA and BCT members as well as with
the contractor for the Memphis Depot project, CH2M HILL.

Mr. David Nelson, PG, is the CtI2M HILL Project Manager for the MI RD. He is the
primary CH2M HILL contact and is responsible for overall management of the RD phase of

the project.

Messrs. Steve Offner, P G., Mike Ftarns, P E., and Tom Simpkin, P.E. of CH2M HILL are

involved in the Memphis Depot project as the USACE-Huntsville/Memphis Depot Program
Manager, Senior Consultant, and Technical Advisor, respectively. They will participate in
the RD phase in these same roles but will also lend their experience and knowledge of the
Memphis Depot project to the RD development. Mr. Offner has been involved on the
Memphis Depot project since 1997 in various roles and has been involved in several phases
of this project beginning with the RI stage. Mr. Harris will also serve as the CH2M HILL
Technical Manager for design and will be responsible for approval of project-related

designs. Mr Simpkm has extensive experience with enhanced bioremediation projects and
the use of carbon sources to spur bioremediation of groundwater.

Figure 5-2 presents a project communications matrix for the MI RD The matrix ldentafies

communications and reporting relationships.

5.2 Data Management Plan
The CH2M HILL Data Management Plan desc~bes procedures that will be used to
document and track investigation data and results. The plan includes the following:
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¯ Data quahty objectives (DQOs), documentation and processing procedures;
¯ Project-related progress reporting procedures, and
¯ Project fde requirements

Implementahon of the procedures described hereto wdl ensure proper documentation and
retrieval of data and results.

5.2.1 Data Quality Objectives, Documentation and Processing Procedures
During the pre-design basehne sampling event and the EBT Treatabthty Study,
groundwater samphng analytical data will be collected. This subsection presents
documentation and processing procedures for the data.

5.2.1.1 Field Data
All sampling procedures will be noted within field logbooks according to the SAP for this
effort. Geochemical parameter measurements will also be noted in the field logbooks. The
information m the field logbooks will be used as a backup for data quahty evaluahon as
well as a primary source for geochemical parameters.

5.2.1.2 Laboratory Data

Laboratory analytical data wdl be collected dunng the pre-design effort and will be handled
according to procedures described m Sections 7, 8, and 9 in the Memphis Depot Generic
QAPP (Appendix C) The data will be rewewed and processed through data quahty
procedures, as described in Section 8 of the QAPP (Append|x C).

5.2.1.3 Investigation Results

The results of the pre-design baseline sampling effort will be presented m a brief document
ent|tled Results of RD Baseline Sampling Event, which will be presented to the BCT for
review and approval The data will be used to select final locat|ons for the injection and
monitoring points for the EBT Treatabihty Study.

5.2.2 Project File Requirements
This project will require the administration of a central project file. The data and records
management protocols wdl provide adequate controls and retention of all materials related
to the project Record control wdl include rece|pt from external sources, transmittals,
transfer to storage, and indlcahon of record status. Record retention will include receipt at
storage areas, mdexmg, filing, storage, maintenance, and retrieval

5.2.2.1 Record Control

Incoming materials related to the project will be forwarded to the CHZM HILL Project
Manager or a designee. These documents will be placed m the project hle. Project personnel
wdl work from a copy of necessary documents. Records shall be legible and easily
identffmble

Examples of records that will be maintained in the project file are as follows:

¯ Field documents
¯ AuthoriT,at|ons;



¯ Correspondence
¯ Logs;
¯ Photographs;
¯ Drawings and sketches;
¯ Specdications;
¯ Reports, and
¯ Procurement agreements.

Outgoing project correspondence and reports will be reviewed and signed by the
CH2M HILL Project Manager or his designee.

5.2.2.2 Record Status

The CH2M HILL Project Manager will inform the organizations involved m the RD about
revisions to records. Revisions to records shall be subject to the same level of review and
approval as the original document. The revLsed document will be distributed to all holders
of the original document and discussed with project personnel. Outdated records will be
marked "void " In addition, the date a document Is marked "void" will be recorded.

Documents will be distributed to the BCT m various formats, including use of Adobe
Acrobat software to convert documents to .pdf format. These re-formatted documents will
be either posted on the Memphis Depot File Transfer Protocol website that CH2M HILL
supports or issued to BCT members as compact discs.

5.2.2.3 Record Storage

Project-related information will be maintained by CH2M HILL. Designated personnel will
assure that incoming records are legible and are m statable condition for storage.

Record storage will be performed in two stages. Storage will occur dunng and immediately
following the project and permanent storage of records directly related to the project.

All records designated for permanent storage by CH2M HILL will be placed into suitable
containers with appropriate project identification labehng and stored in a facdlty with an
environment that will prevent deterioration, damage, and loss. Material from the project
fde may include reports, drawings, QA documents, verifications records, electromc hies,
and software program documentahon. The DLA maintains a separate records inventory
known as an Information Repository (IR).

5.3 Reporting Requirements
Major submittals for this RD will include this RD workplan, the EBT Treatabihty Study
Workplan, the LTOA Techmcal Memorandum, the Intermediate Design, and the Prefinal/
Final Design. Table 5-1 presents the MI RD submittals to all stakeholders including number
of copies per each submittal.
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Table 2-1
Description of Functional Units at the MI
Rev 1 MI RD Workplan

FU Size Common Past Land
No. Name (acres) Use Description

1 Twenty 89 Transportabon to and Located in the northeastern area of the MI,
Typ,cal storage m dosed consisting of about 20 large warehouses, w~th
Warehouses : warehouses interspersed roadways and railroad tracks.

2 Southeast 53 Located =n the southeastern comer of the MI1,
Golf Coursel Golf. other recreahon consisting of golf course (Parcel 3). This FU also
Recreabonal includes a baseball field and a small playground in
Area the southeastern corner. This FU includes two

constructed ponds and two concrete-hned drainage
ditches from the Ix~ds leading to the off-rote area.

3 Southwest 92 Transportabon to and Located in the southwestern comer of the MI,
Open Area storage m open-reded consisting of vaned type of parcels and sites

warehouses, pamhng
and sandblasting,
open storage

4 Northem and 193 Open storage, and Located m the north-central to northwest area of
Open Areas transportahon to and the MI, covenog a large area.

storage =n c~osed
warehouses

5 Newer 109 Transportat,on to and Located m the south-central area of the MI and
Warehouses storage m dosed includes 10 large warehouse buddmgs

warehouses

6 Admmlstrahve 33 Offices, equipment Located along the property boundary of the Depot
and storage and along the AmNays Boulevard This FU includes the
Residenbal maintenance, on- old Resldenhal Umt Area, parking lots, and other
Areas base housmg asphalt-paved areas.
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Table 3-1
List of RD Tasks
Ray 1~e~ k# RD W~ pl~

Task AcUv~es Information
Required/Source Work Product

Task I- Projeq| Planninq

Gather pmvk~sty COllected date ;*rehm~ Jn|ormabon to b~
5,ts Bac.kgr o4Jnd and documentaL.on for addibonal MI RUFS documents. LTO.a nctuded w~h,n the RD

data data ~.ockplan

Rewew items and steps for ~rehmu~a~/Infon’naUon to be
Project PlannJng

MI RI/FS documents. LTO.a
oc~lectJng add,bonal data data nduded within the RD

ttodcplan

Task II - Remedial Deslan
PreparatJon of the RO woCKplan

Remedial De~j n (InCJudes Ray 0 LTOA Tech

Planmng
Memo and EBT Treatabd~/Study MI RI/I=S. ROD documents RD Workp4an
Workp4an wKh Basehne Samphng

PlanI
Describe tsst(s) to be conducted

at site. test and data qual~y EBT Treatabddy Study
o~jecbves, procedures, data MI RI/FS. ROD documents ~/ociq31an

mana~ment

Revise MI Genenc Health and
EBT Treatabd,ty Study Safety Plan (HASP) Saml~lng and MI RUI:S. ROD. MI Generic Revls~ons to be included as

Analys~s Pmn (SAP) and Quahty HASP. SAP. and QAPP art of effort for EBT
Assurance Project Plan (QAPP) documents Treatal~hty Study WoCKpta n
w~th addenda as neo~ssan/

EBT Treatablhty Study EBT Treatab, hty Study
EBT Treatabthty St~Jy at the MI Wockplan T echn,,Cal MemOrandum

Present data h’om b’eatal~ldy study Results from the EBT
and evaluabon of design approach Treatal~hty Study

Develop dram drawlrxJS end L,stng of cb-awlngs and
spoof~abons spoaficabons MI Intermodmte RD Oocum~nt

Demgn paran~tar3, ROD N,II .ndude Rev 0 EBTOperation and malnlenarce ptan

Intermedmte Des,ga and component cost osbmate Treatamhty Study Tech
DeveJop draft construc~JC~ Schedule of cons~n Memo and Rev 1 LTOA
scheduta activities ~m RD wociq~an Tech Memo )

Develop LUCIP Rewew LUCAP ~nd MI
ROD

Pedorman~e Standards
VenF~cabon Plan

Deign parameters. ROD

Prepare desKJn approach based
on BCT comments received from Inte/W~late RO document

EPA and comments

Develop final drawings and Dralt draw~nga and Pmfinat/F~nal RO document
spe~ficabo~s spo~flcabons ~11 ,ncJude Rev 1 EBT

Prefinal/F~nal Design D~BVOlOp final cc~trucbon Treats~=ty Study Teo~
.schedule Memo and Rev 1 LTOADra~ construct ~n schedule

Tec~ Memo )
Results of EBT Treatability

Develop construction cost Study. additional s,te
estimate invest,gabon, end vendor

contractor cost esbmatas



Table 4-1
MI RD Deliverable Submittal Dates
Rev. I Memphts Depot MI RD Work, plan

Deliverable Projected Submittal Date

MI RD Workplan

Rev. 0 MI RD Workplan with Rev. 0 LTOA
Technical Memorandum and Rev 0 EBT January 14, 2002

Treatability Study Workplan

Rev. 1 MI RD Workplan with Rev. 1 LTOA
Technical Memorandum and Rev. 1 EBT April 14, 2002

Treatability Study Workplan

Rev. 1 MI RD Workplan with Rev 1 LTOA
Technical Memorandum and Rev+ 2 EBT May 29, 2002

Treatability Study Workplan
L UClP

Rev+ 0 Land Use Control and
Implementation Plan

June 1, 2002

Rev 1 Land Use Control and September 1, 2002
Implementation Plan

Intermediate (60%) Design

Rev. 0 Intermediate (60%) RD Report December 13, 2002

Prefinal (90%) Design

Rev 1 Prefinal (90%) RD Report March 13, 2003

Final (100%) Design

Rev 2 Final (100%) RD Report Apd127, 2003



Table 5-1
MI RD Deliverables
Rev. 1 Memphis Depot MI RD Work, p/an

Deliverable Copy Requirement

Task I - Project Planning

Baseline Groundwater Sampling Event 3 copies to DLA, 3 copies to USACE-
Huntsville, 3 copies to EPA, 2 copies to TDEC

Task II - Remedial Design
Rev. 0 RD Work Plan, includes Rev. 0
EBT Treatabihty Study and Rev. 0 LTOA 3 copies to DLA, 3 copies to USACE-

Technical Memorandum Huntsville, 3 copies to EPA, 2 copies to TDEC

Rev. 1 RD Work Plan, includes Rev. 1
EBT Treatability Study and Rev 1 LTOA 3 copzes to DLA, 3 copies to USACE-

Technical Memorandum
Huntsville, 3 copies to EPA, 2 copies to TDEC

Rev. 2 RD Work Plan. includes Rev 2
EBT Treatability Study and Rev. 1 LTOA 6 copies to DLA, 3 cop~es to USACE-

Technical Memorandum
Huntsville, 3 copies to EPA, 2 copies to TDEC

Intermediate (60%) Design

Results of EBT Treatability Study

Draft Design Analysis
3 copies to DLA, 3 copies to USACE-

Draft Drawings and Specifications Huntsville, 3 copies to EPA, 2 copies to TDEC
Draft Construcbon Schedule 2 cop=es to USACE-Mobde and Jacobs (4

O&M Requirements copies will be provided for the Information
Reposltones [IR])

Rev. 1 LUCIP
Performance Standards Verification Plan

Preflnal (90%)/Final (100%) Design

Design Analysis 6 copies to DLA, 3 copies to USACE-
Huntsville, 3 copies to EPA, 3 copies to TDEC

Prefinal/Final Drawings and Specifications 2 copies to USACE-Mob,le and Jacobs (20
copies will be made of the Prefinal in CD ROM
format for RAB members) Final RD document

Prefinal/Fmal Construcbon Schedule distribution will include 4 copies for the IR and
20 copces in CD ROM format for RAB

Prefinal/Final O&M Plan members
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Appendix A - Rev. 0 LTOA Technical
Memorandum

(The LTOA Technical Memorandum has been temporarily spht off from the remainder of the MI RD
Workplan based upon a request from CH2M HILl. to proceed with the submittal of the Rev 1 M[ RD
Workplan whflc dlscussmns on the future of the LTOA investigation are proceeding The request was
approved by the BCT dunng the week of March 25, 2002 The Roy 1 LTOA Techmcal Memorandum will
be submztted along with the final MI RD Work’plan at a later date )
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1.0 Introduction

This Enhanced Bioremedlation Treatment (EBT) Treatability Study Workplan for accelerated
bloremediatlon of chlorinated volatile organic compounds or, as referred to in this
document, chlorinated aliphatic hydrocarbon (CAH) compounds, m groundwater at the
Mare Installation (MI) of the former Memphis Depot has been prepared for the U.S. Army
Corps of Engineers - Huntsville Center as part of the Remedial Design (RD) for the
remediatlon of groundwater. The Defense Loglshcs Agency (DLA) is the lead agency for site
actwities at the Memphis Depot. The supporting regulatory agencies are the U.S.
Environmental Protection Agency (EPA) and the Tennessee Department of Environment
and Conservahon (TDEC). Together, DLA, EPA, and TDEC compose the Base Reahgnment
and Closure (BRAC) Base Cleanup Team (BCT).

Alternative GW3 - Enhanced Bloremedlation, as described in the MI Record of Decision
(ROD) document (CH2M HILL, 2001), employs the use of mlechon of electron donor 
enhance the natural blodegradatlon processes and states that pilot tests wdl be required to
deterrmne rejection volumes, spacing, and depth. "l’hls workplan is a result of the need for a

pilot test/treatability study of EBT and has been prepared wlth reference to Gu*dancefor
Conducting Treatab~hty Studies under CERCLA f’inal. (EPA, October 1992).

1.1 Scope of Treatability Study
The development of the EBT Treatabihty Study has occurred in two phases. The first phase
involved gathering avadable mformahon to support selection of appropriate electron donor
substrates for accelerated biodegradatlon of CAI ts to evaluate in the field study. Review of
this information has allowed CH2M HILL to construct this Treatability Study workplan and
recommend two of the more promising electron donor substrates to be evaluated in the
field. The following electron donors are considered to be potentially apphcable for the
treatabihty study at the MI:

¯ Hydrogen Releasing Compound (HRC"rM) (e.g., Regenesls’s® polylactate ester);

¯ Commercially available organic carbon electron donor (e.g, lactate, butyrate,
proplonate, ethanol, vegetable oil, or other material); and

¯ Direct hydrogen addlhon (e g., hydrogen sparglng).

This workplan also outhnes the need to examine certain subsurface condlhons that need to

be present for m-sltu anaerobic blodegradation to be effective These conditions generally
include presence of appropriate bacteria capable of degrading the target compounds,
suitable electron donors (such as organic carbon or hydrogen), an appropriate terminal
electron acceptor process (such as methanogemc conditions), and essential nutrlents (e.g.,
mtrogen, phosphorus, sulfur and low levels of iron, manganese, magnes|um, etc).
Appropriate physical and chermcal conditions (such as pH, temperature, DO, ORP), must
also be present.



45,

The second phase of the treatability study will include installing two test sites to evaluate
the two different electron donor substrates. Each test rote, located m the southeast and
southwestern areas of the M1, will conszst of rejection wells screened across the aqmfer, and
momtoring wells where the electron donors and changes in contaminant levels will be

momtored. Monitoring will include basehne and post-mjechon sampling events. The post-
injection events are scheduled for 6 months after the mjechon phase ends. At the complehon
of the monitoring events, an EBT Techmcal Memorandum describing treatability study
procedures and results will be produced that will be included in the Intermediate
(60 percent ) Ml Remedial Design document.

This Treatability Study Workplan is orgamzed into the following sections and appendices:

Section 1.0 Introduction includes a discussion of the work plan structure and
organizahon

Section 2.0 Project Description provides background reformation on the site and
summarizes pertinent waste characterization data. Sectzon 2 also introduces the type of
study to be conducted.

Section 3.0 Treatment Technology Description describes the principles and
charactenshcs of blodegradahon behind EBT as a treatment technology.

Section 4.0 Test Objectives defines the oblectives of the treatabthty study and the
intended use of the data

Section 5.0 Electron Donor Selection defines the selection criteria and concluslon of the
electron donor selechon process

Section 6.0 Experimental Design and Procedures identifies the tier and scale of testing,
the volume of waste material to be tested, delivery system, cnhcal parameters, and the type
and amount of replicatlon.

Section 7.0 Equipment and Materials hsts the equipment, materials and reagents that
will be used m the performance of the treatabthty study.

Section 8.0 Sampling and Analysis describes how the Samphng and Analysis Plan will
address field samphng, waste characterization, and sampling and analysis activities in
support of the treatability study.

Section 9.0 Data Management, Analysis, and Interpretation describes the procedures
for recording observahons and raw data m the field or laboratory and procedures that will
be used to analyze and interpret data from the treatabihty study.

Section 10.0 Health and Safety describes how the Health and Safety Plan will address the
hazards associated with treatability testing.

Section 11.0 Residuals Management describes the management of treatability study
residuals.

Section 12.0 Community Relations describes the commumty relations activities
performed m conjunchon with the treatabihty study.
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Section 13.0 Reporting descnbes the preparation of intenm and final reports
documenting the results of the treatability study.

Section 14.0 Schedule indicates the planned starting and ending dates for the tasks
outhned m the work assignment

Section 15.0 References hsts all documents ctted m this plan.
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2.0 Site History and Setting

2.1 Site History
Starting in the 1940s, the Memphis Depot recewed, warehoused, and distributed supplies
common to all U.S. military services and some civil agencies. Achvltles at the Ml included
storing and shipping various materials (e g, food, clothing, medical supphes) and industrial
supphes (e.g, hazardous materials). Several commonly used hazardous materials were also
used for facility maintenance Hazardous materials which were used or stored at the Depot
during its operational period include: flammables, solvents, petroleum/oil/lubricants
(I~L), paints, peshcides, herbicides, wood treating products, oxidizers, corroswes, and
reactwes. The Memphis Depot was deactwated as a rmhtary supply center in 1997.

The Memphis Depot, now known as the Memphis Depot Business Park, covers 642 acres of

land and is separated into two distinct areas. The MI comprises 574 acres and Dunn Field, to
the north of the MI, comprises the balance A map with the former RI functional unit
boundaries within the MI is presented m Figure 2-1.

The MI was extensively developed The only significant vegetated area ~s the golf course,
located m the Mrs southeastern sector. Topography in the MI is nearly level. The two
surface water bodies on the Depot are too shallow to intercept the local water table.

2.2 Hydrogeology
The fluvial aquifer beneath the Memphis Depot occurs under unconfined conditions in
fluvial-type deposits at an average depth of 87 feet below ground surface (CH2M HILL,
January 2000) Aqmfer thickness m the fluvial deposits ranges from <1 foot the northwest
corner of the MI to as high as 57 feet (ft) m the west central porhon of the MI. Hydrogeologic
cross-sechons typical of the geology beneath the MI are presented in Figures 2-2 and 2-3.

The cross-sechons were developed as part of the 2002 MI Long Term Operatmnal Area
(LTOA) Technical Memorandum Groundwater flow in this aquifer is variable but 
pnmardy southwest, south, and southeast. Figure 2-4 presents the most recent
interpretation of the potenhometric surface underlying the MI.

The fluwal aquifer is typically underlain by a clay-rich umt that occurs beneath most of the
MI. This upper clay of the Jackson Formahon/Upper Clmborne Group does not appear to be
present at the base of the fluvial deposlts m the northwestern part of M1 and m the
southwestern part of Dunn Field (the northern half of the Memphis Depot). The MI 
concluded that clay-rich units (clay or clayey sand) occur in the Jackson Formation/Upper
Clmborne Group at variable elevations, and also are highly variable in thickness. The
Memphis Sand aquifer is separated from the overlying fluwal aquifer by units of the
Jackson Formation/Upper Clalborne Group. The Memphis Sand is the source of water
supply for the City of Memphis.

A more focused dlscusszon of the hydrogeology of each study area is presented in Sechon 5.
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2.3 Nature and Extent of Contamination
]’he constituents of concern (COCs) reported in groundwater beneath the MI, as described

by the MI Remedial Investigation (RI) Report (CH2M HILL, 2000), are CAHs, primarily
tetrachloroethene (PCE) and trichloroethylene (TCE). Impacted groundwater *s present
within the fluvial aqmfer. This Treatabihty Study workplan focuses on contamination in the
fluvial aquifer beneath portions of the MI (Figure 2-5). An apparent source for this
groundwater contamination has not been revealed.

Two distinct volatile organic compound (VOC) groundwater plumes were dehneated m the
southwestern and southeastern portions of the MI within the RI document. These plumes
appear to have different origins and, based on recent data, do not commingle Figure 2-6
illustrates concentrations of PCE and TCE as well as other CAHs in the fluvlal aquifer, on
the basis of data achieved from the 2001 LTOA investigation. As revealed m groundwater
sample data from this investigation, average PCE concentrations range from below
laboratory detection limit to 480 micrograms per hter 0ig/L). Average TCE concentrations
range from below laboratory detectzon hmlt to 79 p.g/L In addltion, an unusual detection
of carbon tetrachloride and chloroform at average concentratlons of 122 p.g/L and 77 lig/L,
respectwely, was revealed in the southeast corner of the MI

Table 2-1 presents additional details on CAHs detected at least once m groundwater
samples collected during the 2001 LTOA mvestlgat~on. These samples were collected
through use of diffusion bag samplers, which allows for samphng at defined intervals.
Review of Table 2-1 indicates that contamination by CAHs is spread throughout the entire
thlckness of the aquifer and, m some instances, contaminant levels are highest m the upper
portion of the aquifer



3.0 Treatment Technology Description

Biological natural attenuation processes include biodegradation through either co-metabohc
reachons, direct dechlorinatlon, or oxxdation. Whether an aquifer is aerobic or anaerobic has
a direct effect on which biological process is prevalent Co-metabohc transformatlon of
CA! Is such as TCE m aerobic or anaerobxc environments has been reported by McCarty
(1994) CAHs such as VC, 1,2-DCE, and chloroethane have been reported by Bradley and
Chapelle (1996) as being degraded by oxidation effects in aerobic and anaerobic
environments The process that occurs frequently for the transformation of contaminant
compounds such as CAHs is, however, anaerobic reductwe dechlormation.

Anaerobic reductive dechlorination is a series of reductions through dechlonnation
reactions. For example, PCE degrades to TCE, which degrades primarily to cls-l,2-
dichloroethene (cis-l,2-DCE), which in turn degrades to vinyl chloride (VC), whxch 
dechlorinated to ethene. Figure 3-1 presents this anaerobic reductwe dechlormation
pathway. Each step reqmres a lower reductxon/oxldatlon (redox) potential than the
prevxous one. FCE degradahon occurs in a wide range of reducing condlhons, whereas VC
is reduced to ethene only under sulfate reducing and methanogenic conditions. Dunng each
of these transformations, the parent compound releases one chloride Ion and gmns one
hydrogen atoms. Two electrons are transferred during the process, which may prowde a
source of energy for the rmcroorgamsm. The ultimate source for the hydrogen and electrons
in thxs reactxon xs some type of orgamc substrate. Hydrogen (H2) is released during
fermentation of the substrate. The hydrogen hberated from this substrate acts as the actual
electron donor for respirahon (1TRC, 1998)

Subsurface mxcroorganlsms create energy for hfe processes by oxidizing organic matter.
Only those redox reactions that yield energy are facflxtated by microorganisms. During
redox reachons, the oxidation of an electron donor (e g, natwe organic carbon, fuel
hydrocarbons, landfill leachate) combined with the reduction of an electron acceptor (e g.,
oxygen, nitrate, manganese, ferric iron, sulfate, carbon dioxide, and anthropogemc
compounds such as CAHs) ulhmately yields energy for use by orgamsms. The microbes are
using carbon (electron donors) as a food source and are breathing, or respiring, electron
acceptors. Dissolved oxygen (DO) yxelds the most energy and xs used first as the prime
electron acceptor. After DO is consumed, anaerobxc mlcroorgamsms typically use nahve
electron acceptors (as available) m the following order of preference: nitrate, ferric iron
oxyhydroxxde, sulfate, and eventually CAHs (EFA, 1998).

CAH plumes in groundwater can exhibxt three types of blodegradation behavior depending
on the amount of solvent, the amount of organic (native and anthropogenic) carbon in the
aquifer, the dxstnbution and concentrahon of natural electron acceptors, and the types of
electron acceptors being used. Individual plumes may exhibxt all three types of behavior m
ddferent areas of the plume (EPA, 1998). These three behawor types are as follows:

Type I behawor occurs where the primary substrate is anthropogemc carbon (e g.,
benzene, toluene, ethylbenzene, and xylenes [BTEXI or landfill leachate), and this
anthropogemc carbon drwes reduchve dechlormatlon. Type 1 behawor results in the
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rapid and extenswe degradation of highly chlorinated solvents such as PCE, TCE, and
dichloroethene (DCE)

Type 2 behavior dominates m areas characterized by relatively high concentratlons of
biologically avadable native organic carbon; the natural carbon source drives reductive
dechlormatton Thin behavior generally results m slower blodegradatlon of the highly
chlorinated solvents when compared to Type I behavior. But, areas with high

concentrations of natural organic carbon can result in rapid degradation of CAHs

Type 3 behavior dominates in areas characterized by low concentrations of native
and/or anthropogemc carbon and concentrations of DO greater than 1.0 milligrams per
liter (mg/L). Under these conditions, reductwe dechlormatlon will not occur; therefore,
little or no removal of PCE, I’CE, and DCE wdl occur. Btodegradatlon may proceed via
the much slower process of co-metabohsm, but will be limited by the low concentrations
of native or anthropogemc carbon. Fype 3 behavior also occurs m groundwater that
does not contain microbes capable of blodegradahon of chlorinated solvents.

The list of conditions that a microbial population involved in bloremediation requires for
sustainabdity includes a source of carbon, an electron donor, an electron acceptor,

appropriate nutrients, a suitable temperature range, pH, and other environmental
conditions. Very often the carbon source serves as the electron donor. A system that
stimulates the biodegradatlon of chlorinated solvents by manipulating these requirements
in the subsurface is referred to as enhanced anaerobic blodegradahon or as used here, EBT.

"Fhere are several different designs of EBT systems for groundwater using various delivery
mechanisms, degradation mechanisms, and electron donor or biological amendments. The
appropriateness of a particular type of delivery, degradation, or amendment system will
vary and will depend on the goal of the proposed prolect. Table 3-1 presents available
mechanisms and amendments available for or used within EBT systems

TABLE 3-1
Avanable Mechanisms and Amendments for EBT System~

Typical Available Delivery Mechanisms

Dual Rec~rculat,ng Wells
- injection of matenal via
extracted groundwater
and introduction through
re~nject=on system

Direct Injection -
grawty or forced
injectlorl Into one or
mere vertical wells

Honzontal and Vertical
Gas Injection Wells -
mject~on of gases
through onented wells

Passwe-Reactlve
Wells - direct
placement of solKI or
cartridge at well screen
or in filter pack of wells

Typical Degradation Mechanisms

Reductlve Dechlonnahon - Aerobic Cometabohsm - Oxidation - dlract
reduction of CAHs through incidental oxldabon of degradabon
removal of chlonne atoms CAlls whde reducing through generation

other VOCs of oxygen

Common Available Amendments

Numents - inorgamcs such Electron Acceptors - Bioaugmentatlon -

as ammonium chloride, oxygen, hydrogen various species of
ammonium sulfate, etc peroxide mlcreorgamsms

*’Source ITRC, 1998
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One of the objectives of the electron donor rejection at the MI is to define if groundwater
concentrations of regulated compounds may degrade below concentrations set by EPA
Maximum Contaminant Level (MCLs) criteria, as specified in the MI ROD, within a full-
scale system. Table 3-2 presents the groundwater cleanup target concentrations for PCE and
TCE and enhanced reduchve dechlorination products. Other objectwes for this EBT
Treatabihty Study are presented m Section 4.

TABLE 3-2
Groundwater Cleanup Target Levels

Analyles Units Federal MCLs Maximum Reported Concentration

Tetrachlorethene (PCE) ~g/L 5 480

Tnchloroethene (TCE) 5 179

Cis-1,2-Dichloroethylene 70 53
Trans-1,2-.D=chloroethyEene 100 164

1,1 -D,3hloroethene 7 170

V=n~ chloride 2 0.2

lag]l- m,crograrns per hter
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4.0 Test Objectives

The EBT Treatability Study will be conducted in order to compare the effectiveness of
selected electron donor materials and define the design parameters for a full-scale injection

at the MI. The objechves of the treatabfllty study and additional information reqmred are as
follows

¯ Obtain additional information on the geology of the aquifer within the study areas The
development of detailed information on the geology of the aqulfer wdl be accomplished
during installation of study injection points and momtormg wells.

¯ Ascertain the effectiveness of electron donor addition as a remedial treatment by
comparing pre-inlectlon to post-injection CAH concentrahons. Seven post-injection
monltorlng events are currently scheduled. Samples will be analyzed for VOC and
geochemical parameters

¯ Evaluate transport of electron donors within the aquifer, following rejection. The
monitoring points to be installed during this study will be installed downgradlent of the
injection location in a pattern deslgned to reveal dechlorination aspects along aquifer
flowpaths.

¯ Estimate the radms of influence of electron donors through analytical monitoring. The
study monltorlng wells will be installed m a pattern deslgned to capture as much
informahon on the radius of influence as possible.

¯ Eshmate time for aquifer remediatlon using electron donors by comparing CAH
concentrations before and after the 6-month treatment period, against the magnitude
and extent of the remaining groundwater plume.

¯ Define the effect of the rejection pressure on the aquifer by measuring water and
pressure levels in adjacent wells during electron donor inject|on. Eqmpment to
accomplish this oblectwe will be installed within each momtoring well prior to injechon

_ ¯ Define the electron donor depletion period in the aquifer by analyhcal momtoring after
introduct|on of the donors has been terminated. Six post-injection monitoring events are
currently scheduled and the sample analytical results are expected to reveal the
depletion of the enhancement matemals.

¯ Identify preferentxal pathways for CA} [ migration or retenhon, relative to hthology and
groundwater flow A "tracer" compound (sodium bromide) will be mixed with each

electron donor to provide groundwater velocity and flowpath data. In addition,
hydrogeologic information will be comp~ired to groundwater sample analytical results

from each monitoring well



5.0 Enhancement Material Selection

This sectlon will examine several factors that will influence the selechon of an electron
donor for the EBT Treatability Study. These factors include the geochemastry of the aquifer,
concentration of CAHs in the aquifer, dechlorination aspects of electron donors, rate of
electron donor deplehon, and dehverabfldy of the substrate to the targeted portion of the
aquifer.

5.1 Aquifer Geochemistry
The geochemistry of the fluvial aquifer was analyzed by CH2M HILL in 2000 while
completing a Momtored Natural Attenuation (MNA) study for the Groundwater Feasibility
Study (FS) portion of the MI Remedlataon Investigation (RI)/FS. The MNA study results
were reviewed and commented on by Parsons Engineering Science (Parsons) within their
Final Remedml Process Ophm~zahon (RPO) Report (Parsons, 2001). CH2M HILL revised the
MNA document according to comments made by Parsons and presented the latest version
within the Rev 0 Memphis Depot Dunn Field RI. Several important findings from the
revised MNA study applicable to fluwal aquifer geochemistry underlying the MI are
reviewed in this section

Table 5-1 presents a summary of geochemical marker values from the fluvial aquifer
underlying the MI. CH2M HILL (2000), during the]r rewew of tlms data, concluded that
hmlted biodegradatlon (primarily by reductwe dechlonnatlon) of the PCE plume in the 
groundwater appears to be occurnng. The hmitatlon on the reductive dechlormataon
appears to be a result of low anthropogemc or natural carbon m groundwater and elevated
DO concentrations m groundwater. If the dechlormation process is to be enhanced, the
general aerobic conditions (DO levels above 1 milhgram per liter) will have to be altered 
anaerobic conditaons and the level of carbon increased. Parsons (2001) agreed w,th thas
interpretation, stating in the RPO report that degradation of PCE and TCE within the CAH
plume "to innocuous daughter products is limited by the low organic carbon content in the
substrate and the relatively oxidizing redox conditions."

CH2M HILL (2001) through analysis of data from other sites with achve EBT studies has
also determined that the presence or absence of potentially compet|ng electron acceptors
may affect reduchve dechlorination of CAHs actiwty at a site. Reviewing data presented in
Table 5-1 indicates that, other than oxygen, electron accepting nitrate is present at levels
where mlcroorgamsms may use this instead of anthropogemc electron acceptors (i e.,
CAHs). However, the data also show that ferric iron and sulfate are at levels supportive of
reductive dechlormation, indicating that microorgamsms may use CAHs for electron
acceptance once nitrate levels decrease. Ferric iron was actually not reported above
laboratory detection limits; however, it is important to note that ferric *ton is not soluble.
Also, Byl (Personal Communication, 2002) reported that the sands and clay of the fluvial
aquifer in West Tennessee does contain significant quantities of ferric iron. According to
Bouwer and McCarty (1984), the absence of ferric iron may lead to direct use of CAHs as 
electron acceptor
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5.2 Electron Donor Description
Potenhal electron donors for the EBT Treatability Study can be categorized as highly soluble
compounds, slow release compounds, or as direct hydrogen addztion.

Highly soluble compounds

¯ Lactate was reported by Murt (2001) to be a successful donor for shmulating
dechlorination of PCE in a "geochermcally challenged" site m Nebraska. Other reports
have also shown successful reduction of chlorinated contaminants with the use of

lactate. Lactate is normally expected to be fermented rather rapidly to acetate and H2,
resulting in high H2 levels that persist for only short periods as various Ht-using
organisms deplete it. However, lactate may be fermented to proplonate, which itself can
serve as a more slowly fermentable source of persistent, low 1-12 levels. Lactic acid can be
prepared as very strong stock solutions to prevent rmcrobial growth Mutt (2001)
reported using 60 percent food-grade sodium lactate. The vlscoszty of a 60 percent
solution of sodium lactate at 20° C zs 38 centipolse (cp) as compared to the viscosity 
water at this same temperature of I 002 cp.

¯ Butyrate acid amendment m one laboratory study resulted in less methanogenes*s than
did amendment wtth ethanol or lactzc aad, which generated much higher H2 levels.
Butyrate acid can be prepared as very strong stock soluhons to prevent microbial
growth (ITRC, 1998).

¯ Ethanol dzd not support complete dechlormahon, during the short-term tests of one
microcosm study, but was a wable donor over long-term tests because a portion was
converted to propiomc acid. Ethanol can be stored as a pure solvent to prevent mlcrobml
growth (ITRC, 1998).

¯ Molasses was the fastest acting substrate in a CH2M HILL microcosm study, but this
substrate was also used pnmardy to generate methane, not to drive reductive
dechlorinatlon. Multiple studzes reported in the hterature suggest these results with
molasses to be typical The viscosity of molasses at 20°C is 5000 cp.

Slow release compounds

¯ HRC~ is a proprietary food-grade polylactate ester, which breaks down to a polylactate
ester complex when introduced into water. The HRC® degrades to lactic acid then to

orgamc acids including pyruwc acid and acetic acid, releasing hydrogen along each step.
The release of the HRC® is dissolution and hme to breakdown ester dependent. The
VL~COSlty of HRC"~ at 20° C is 20,000 cp.

¯ Vegetable Oil has been shown in some studies to cause immediate declines m aqueous
TCE concentrations, due to solubdlty of the TCE in the off phase. Results of rmcrocosm
and field studies have been mixed. Evaluation of groundwater analytical results
2 months into a vegetable oil interim remedial action m Orlando indicates that ground-
water quahty data are relatively stable, with no upward or downward trends of CAH
degradation ewdent but wtth strong indzcation of increasing natural attenuation. The
slow release of the vegetable off is dlssoluhon dependent. The wscoslty of soybean oil at
20°C is 69 cp.
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Direct addition of hydrogen

¯ Hydrogen sparging of aqmfers contaminated with chlorinated solvents has shown
promise as a method to enhance mlcrobzal dechlorinatlon in-situ. However, the low
solubility, exploswe nature of this gas, and poor aquifer distribution have hmzted the
use of hydrogen as an in-sltu electron donor.

5.3 Injection Site Description
Effective enhanced in situ bioremedlahon requires delivery of amendments to the targeted
porhon of the plume. Site specific characteristics that drwe electron donor selection and
affect the deliverability of donors include contaminant concentrations and locahon,
hydrauhc conductivity, and soft types and heterogeneities.

5.3.1 MI Southwest Corner- Treatability Study Area 1
According to the MI ROD, areas in the southwest corner of the MI were chosen as the site of
the EBT Treatability Study (Figure 5-1). These areas were chosen because existing data
indicated that higher and more persistent levels of VOCs concentrations are found in the
underlying groundwater. Table 5-2 presents the VOC groundwater sample analytical results
from the MI RI (C! [2M HILL, 2000) for momtormg wells and piezometers that are present 
this area (i.e, MW-21, MW-22, MW-47, and PZ--04, see Figure 5-2). Additional morutormg
wells MW-100, -101, and -102 have been installed m this area as part of the recent LTOA
inveshgation efforts. Groundwater samples collected from these newly installed wells and
the results of that sampling are summarized m Table 5-3.

As presented m Table 5-2, groundwater sample analytical results from the MI RI for
momtoring wells MW-21, MW-22, MW-47, and PZ-04 indicate that the magmtude of PCE
and TCE concentrations in on-site wells MW-21 and MW-22 have been fairly consistent over
the sampling period and that, when analyzed for, the degradation product cls-l,2-
dzchloroethene is present. Concentrations of PCE have ranged from an estimated
concentration of 2 lig/L to 120 Ilg/L. TCE concentrahons have ranged from an estimated

concentration of 2 lig/L to 39 pg/L. Offsite monitoring well MW-47 and piezometer PZ-04
has revealed that southwest of the MI relatwely high concentrahon slugs of PCE have
migrated through the fluvial aquifer. PCE was detected at 200 Ilg/L in a March 2000 sample
from MW-47. Sampling of MW-47 since then has revealed PCE at only estimated levels less

than I p,g / L.

Groundwater analyhcal data for Treatability Study Area 1 has been recently supplemented
with analytical data from the 2001 LTOA mvestigahon (Tables 2-1 and 5-3). Results from
LTOA momtormg wells MW-100 and MW-101 indicate that contamination by PCE and TCE
of this area of the fluwal aquifer zs greater than prewously known. Specifically, in MW-101,
PCE was revealed as high as 530 p.g/L, a concentration approximately 4.5 times greater than
prewously detected m MW-21. In addition, the contamination appears to be spread
throughout the aquifer, not just within the lower portion of the aquifer, and is, on average,
at hgher concentrations m the center of the aquifer.

Average depth to water in Treatability Study Area I is approximately 99 ft below ground
surface. The aquifer is eshmated to be approximately 35 ft thick and bounded by an
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underlying clay Hydraulic gradient for the area, as measured from MW-22 to MW-101, is
3 3E-03 ft/ft. The hydraulic conductivity for momtoring wells MW-21, MW-22, and MW-47,
as reported m the MI RI, were found to be 1.7E-02, 9.4E-03, and 7.7E-03 centimeters per
second, respectwely, which is equal to 48, 27, and 22 ft/day, respectively. These values
correspond to hydrauhc conductwltmes reported by Dnscoll (1989) and Fetter (1988) for 
well-sorted silt and sand with groundwater. As reported in the M1 RI, the fluvial aquifer in
the southwestern corner of the MI is composed of gravel with clay slit or sand. Assuming an
effective porosity of 30 percent and an average hydraulic conductwity of 32 ft/day,
groundwater flow ,n thls portion of the fluvial aquifer is, on average, 0.35 ft/day or
approximately 128 ft/year.

5.3.2 MI Southeast Comer- Treatability Study Area 2
I’he groundwater sample data presented in Tables 2-1, 5-2a, and 5-3 reveal that
groundwater contamination m the southeast corner of the MI is comparable to contaminant
levels in the southwest corner. As a result, one of the study areas wztl be placed in thzs
location, specihcally the area centered around momtoring wells MW-86 to MW-92
(Figure 5-3)

Average PCE concentrations detected in momtonng wells installed during the LTOA
invest*gatlon m the southeast corner of the MI (i e, MW-85, -86, -88, -92, and -96) were
found to range from below laboratory detection limit to 198 lag/L in momtonng well

MW-86. The highest concentration of PCE detected was 280 lag/L in MW-86. Average TCE
concentrations m these same wells were found to range from below laboratory detection
limit to 23 lag /L m momtoring well MW-85. The highest TCE concentration was revealed
within MW-85 at 26 p.g/L. The wells m Treatability Study Area 2 also contained significant
levels of cls-l,2-DCE, the highest average concentration was revealed at 53 I.*g/L in MW-86.

Also, carbon tetrachloride was revealed as high as 140 lag/L m MW-85 An additional
finding of the analytical data i~ that, just as in Treatabihty Study Area 1, contamination by
CAI ts is spread throughout the entire thickness of the aquifer, but is, on average, at higher
concentration in the central portions of the aquifer.

Average depth to water m Treatability Study Area 2 is approximately 99 ft below ground
surface. The aquifer *s estimated to be approximately 13 ft thick and bounded by an
underlying clay. Hydrauhc gradient for the area, as measured from MW-86 to MW-26, is
7.8E-03 ft/ft The hydrauhc conductwitles for monitoring wells MW-25, MW-26, MW-50,
and MW-52, as reported in the MI RI, were found to be 2.7E-03, 1 6E-03, 2.9E-03, and 5.9E-O3
centzmeters per second, respectively, which is equal to 7.6, 4.5, 8.2, and 16 7 ft/day,
respectwely These values correspond to hydrauhc conductMties reported by Dr, scoll
(1989) and Fetter (1988) for a well-sorted slit and sand wzth groundwater. As reported m 
MI RI, the fluwal aquifer m the southeastern corner of the MI is composed of gravel with
clay silt or sand Assuming an effectwe porosity of 30 percent and an average hydrauhc
conductwlty of 9 ft/day, groundwater flow m this portion of the fluvial aquifer is, on
average, 0.23 ft/day or approximately 85 ft/year.
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5.4 Electron Donor Decision Summary
The Defense Logistics Agency decided that vegetable oil could be used as one of the
reductive dechlormatton substrates, based upon the results of the June 2001 Final Remedial
Optimization Report developed by Parsons Engineering Science, Inc. (Parsons) for the
Memphis Depot. The decision was based on the successful enhancement of reductive
dechlorination by vegetable oll at other sites with underlying aquifers contaminated by
CA! is, as reported by Parsons (personal communication, 2002). CH2M HILL has also used
vegetable oil as a substrate at several sites and has reported httle to moderate reduction in
contaminant levels as a result. An emulsion of vegetable oil (specifically food-grade soybean
oil) and liquid lecithin (a food grade surfactant) as supplied by Central Soya Company 
Fort Wayne, Indiana will be used as an EBT electron donor source in Treatability Study
Area 1.

A process of elimination was used to determine the second substrate based on data collected
from other enhanced reductive dechlorination sites. Several factors important to the
dectsion making process |ncluded use of substrate at other sites, contaminant concentrallons
at the EBT Treatability Study m comparison to other sites, aquifer characteristics versus
viscosity of the substrate, equipment required for delivery of the substrate, and general
success level at other sites. Table 5-4 presents the summary of this data analysis and com-
parison Based on these factors, hydrogen spargmg was eliminated due to the complexity of
donor delivery. High vtscosity substrates such as HRC° and molasses were eliminated, due
to depth to the water table and poten|aal dlstnbution problems in a matrix with a clay con-
tent. Although lactate, butyrate aod, and ethanol are all considered effective, consistently
fast and effective results were reported m both field test and microcosm studies with the
lactate. Therefore, lactate in the form of 60 percent sodmm lactate as supplied by JRW
Technolog|es of Lenexa, Kansas has been chosen as the second electron donor substrate for
the field evaluation. The lactate will be injected at Treatability Study Area 2



6.0 Experimental Design and Procedures

This sechon describes the activities and processes reqmred to complete the EBT Treatability

Study and to meet the study objectives. The effectiveness of reductive dechlormation
through addlhon of vegetable oi1 will be evaluated against the effechveness of lactate, based

on groundwater data collected from test sites.

6.1 Overview
The demgn and execution of enhanced bloremediation must rehably distribute the electron
donor through the treatabihty study test area, w~thout displacing contaminated
groundwater within the testing zone with injected solutions. Options for application of the
vegetable oil emulsion and lactate include:

¯ Dual Well or Trench Recirculation - extrachon and reinjechon of groundwater through
groundwater wells.

¯ Injection Only Systems - injection through groundwater wells or direct push points.

Based on the depth to groundwater and concentrations of VOCs, "injechon only" through
injection wells was selected for the EBT Treatability Study. The advantages of the m}ection
only system alternahve are that wells provide the option of electron donor addition,
bioaugmentation, or a batch electron donor feed mechanism at several points in the source
area or along the plume length typically at lower costs than establishing a stationary
recirculahon system.

Treatability Study Area 1 will be the soybean oll and lecithin emulsion test rote. In
Treatability Study Area 2, a substrate mixture consisting of 60 percent food-grade sodium
lactate will be rejected. The proposed injection point and monitoring well configurahon for
the two test areas are illustrated m Figures 6-1 and 6-2, respectively.

6.2 Preliminary Study Activities
Table 6-1 lists the prehmmary activities associated with the EBT Treatability Study.
Section 14 presents the schedule of activities for the study effort. Prelimanary study achwties
assocmted with the implementation of the treatability study include:

¯ Coordination with Memphis Depot personnel on the location of uhhtles in the area;

¯ Coordinahon with the Depot Redevelopment Corporation (DRC) and the appropriate
tenants;

¯ Basehne groundwater sampling event;

¯ Definition of the electron donor mjectlon quantities;

¯ Treatabfllty study momtoring and mlechon well installation and samphng;
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¯ Deslgnahon of areas for temporary storage of eqmpment and materials, and

¯ Site-specific security and safety concerns.

Apphcatlons will be submitted for any reqmred drdhng and groundwater rejection permits.
Inlection of the electron donor substrate is considered to be the start of the EBT Treatability
Study test period.

6.2.1 Utility Locating
The field engineer wdl mark locations of approximately 19 additional monitoring wells and
7 mlectton wells at least 2 weeks prior to commencement of the actwity. All locations wdl be
approved by Memphis Depot and DRC representahves, and all utilities will be marked by a
professional utihtles locating service prior to the start of drdhng The preliminary monitor-
ing and inlection well locataons are depicted m Figures 6-1 and 6-2 but final locations will be
based on the results of the baseline groundwater samphng event (see next section) and
utdlty locahons and condihons encountered in the field. The installation of the momtoring
and injection wells is the only intrusive actwity planned for th~s field effort.

6.2.2 Baseline Groundwater Sampling Event
A baseline groundwater samphng event encompassing all existing momtonng wells (except
for those recently sampled as part of the LTOA investigation) and p~ezometers on- and off-
site of the MI wdl be conducted as a prehmmary actiwty The workplan describing the basra
for thls baseline event and well purging and sampling procedures is included as Appendix
A (Baseline Groundwater Sampling Plan for Main Installation Monitoring Wells) to this
workplan. Samples wdl be analyzed for VOC content and several important geochemical
parameters, as shown m Table 6-2

Analytical results from thls samphng event will be used to" (1) establish monitoring well
and mlection point locations for the EBT Treatability Study, (2) provide up-to-date VOC
contaminant concentration data for the fluvial and intermediate aquifer; (3) provide up-to-
date geochemical parameter data for the fluvial aquifer; and (4) refine the quantity 
electron donor needed to enhance reductwe dechlorination within the fluvial aquifer.

6.2.3 Electron Donor Injection Quantity Determination
After analyhcal data from the baseline sampling event have been reviewed and tabulated,
the data will be used along with other geologic and hydrogeologlc data from the fluvial
aquifer to define the dose of electron donor to be injected at the test areas. Factors to
consider m the development of the dosage level are contaminant concentrahorts, effective
porosity of the aquifer, aquifer matrix (i.e., sand, sdt, or clay), area of influence,
geochemistry of the aquifer, and delivery method.

Prehmmary dosage estimates to be rejected at the two test sites during the EBT Treatability
Study tests are descrthed within Sachon 7.0.

6.2.4 Treatability Study Monitoring and Injection Well Installation and Sampling
Approximately 19 monitoring wells will be installed within the two test areas as part of the
prehminary actiwtaes to serve as downgradient momtormg points from the injection zones.
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In addlhon, approximately 7 injection wells will be installed sequentzally (Figures 6-1 and
6-2). Each well will be installed by Prosomc Corporahon using rotasonic drflhng methods.
Rotasomc drilling was selected because it zs the most effective method for boring advance-
ment and well mstallahon under the site hydrogeologic conditions. The depth to water (e.g,
95 to 105 feet below ground surface [ft bgs] on average) and geologic charactenshcs of the
fluvzal aquifer (i.e., hght sands mixed with gravel up to cobble size) may cause problems
with installation of the wells using other drilhng methods. Final locahons of each well will
be based parhally on the results of a baseline groundwater samphng event scheduled to
take place as part of the MI RD m February and March 2002.The procedures and
specifications that will be followed during well installation are presented m Appendix B -
EBT Treatabdlty Study Momtormg and Injechon Well lnstallahon Procedures.

As shown m F~gures 6-3 and 6-4, monitoring wells wdl be located downgradient no closer
than 5 feet and no greater than 40 feet from the mjechon area to intercept the potential
radius of influence as the rejected substrate begins to migrate from each point. Each moru-
tormg well will have no more than fifteen feet of screen and the position of the screened
interval wzthin the aquifer wdl be dependent upon the following: (1) thickness of the fluwal
aquifer as determined by held personnel; (2) CAt I contaminant distribution within the
aquifer as determined by the basehne groundwater samphng results and LTOA ground-
water sample analysis results; and (3) CAH contaminant distribuhon within the aquifer
matrix as determined by sod sampling Where apphcable, momtormg wells will be set as
pairs at each locahon During the drilling effort, sod samples will be collected from the
vadose zone wherever OrganJc Vapor Analyzer/Flame lonlzahon Detector (OVA/FID)
measurements are above 20 ppm or wherever there appears to be obvious staining m the
soft profile. No more than one sample will be collected from each boring. In addition sod
samples will be collected from the aquifer and analyzed for TOC content. Final locations of
each well will be based partmlly on the results of the basehne groundwater samphng event

to be conducted in February and March 2002.

At both study areas, the screens for momtormg wells will be set at specfflc zones within the
thickness of the aquifer. The depth of each zone is based on a review of historical analytzcal
data for the MI, parhcularly the 2001 UI’OA data that indicated the entire aquifer thickness
Is contaminated by CAHs and the center porhon of the aquifer contains, on average, higher
levels of contarrunation than either the upper or lower porhon of the aquifer. For
Treatabdlty Study Area 1, where the aquifer thickness zs approximately 35 feet, screens are
to be set within the upper, middle, and lower zones of the aquifer in the well closest to the
injection area. This is to ensure that analyhcal data is being developed across the entire
aquifer. The momtoring well wzthin the upper zone will utilize a 15-foot-long screen while
the remaining two zones will have wells with lO-foot-long screens only. For the other
monitoring well locations in Treatability Study Area 1, the screens will be set in the central
portlon of the aquifer to ascertain representahve changes m the contaminant and chemlstry
of the groundwater

For Treatabihty Study Area 2, the aquder thickness is on average 13 feet. However, based on
data collected from MW-86 during the LTOA study, the aquifer can be as thick as approxz-
mately 19 feet. l’herefore, screens will be placed in both the upper and lower zone for all
momtormg wells. The final length of each screen will depend upon the duckness of the
aquifer as defined during the drflhng effort. However, no screen wdl be greater than 10 feet
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in length. Two wells to the south of MW-86 are an exception to this. Based’on hydrogeologlc
data from the LTOA investigation, these wells are likely to be installed within a portion of
the aquifer with average thickness and for that reason will utihze 15-foot-long screens.

Injection wells will be placed perpendicular to the groundwater flow direction in each study
area. Since reformation developed during the LTOA effort on the vertical dlstrlbutlon of the
CAH plume m each study area indicates that contamination by CAHs is spread throughout
the aqmfer, the screen interval for each injechon well will be set across the entire thickness
of the aquifer. However, for Treatability Study Area 1, the well screens will be placed 10 feet
below the top of the water table to hinder possible "floating" of the injected substrate.

Morutormg and rejection well points will be sampled after each has been developed as a
baseline event prior to inlectlon of the electron donor substrate. The samples will be
collected and analyzed according to the procedures presented in Appendix A and list of
parameters shown in Table 6-2.

6.2.5 Other Preliminary Activities
Prior to commencement of field actiwties, CH2M HILL representatives will contact
personnel at the Memphis Depot and DRC to locate temporary storage facdltles that will be
accessible during the enhre (>-month testing period. The facihhes will be used to store field
equipment reqmred for samphng achvities or other well maintenance tools. During the
dlscusslons with the Memphis Depot and DRC personnel, site-specific security and safety of
personnel and equipment will be rewewed The information gamed from these discussions
will also be mchided within the site-specific Health and Safety Plan for further reference.

6.3 EBT Treatability Study Process
The EBT Treatability Study will begin with introduction of the electron donor substrate into
the fluvial aqmfer wa mjectlon points and will conclude wlth the last groundwater sampling
event at the end of a 6-month monitoring period.

6.3.1 Substrates and Tracer
As stated m Section 5.4, the electron donor substrates will consist of an emulsmn of
vegetable oil (specifically food-grade soybean oil) and liquid lecithin m Treatabfilty Study
Area I and lactate in the form of 60 percent sodium lactate as the second electron donor
substrate at Treatability Study Area 2. The electron donors are available commercially
Quantlhes of substrate are presented m Section 7 0

In addihon to the substrate, a tracer will be injected that will allow for monitoring of the
movement of groundwater away from each of the rejection wells. Sodium bromide, a salt
with high solubility in water, will be used as the tracer and will be mixed with both of the
electron donors prior to rejection. Once rejected, the bromide ion will be analyzed for in all
groundwater samples collected from the downgradient mon/tormg wells.
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6.3.2 Substratelnjection Method

6.3,2.1 Substrate Preparation
The preparation process will begin with the loading of potable water from the City of
Memphis into onslte mixing tanks. A temporary water meter will be obtained from the city
for this purpose. The water, which is free of turbldlty and potenhal contaminants, wdl be
used to mix with each electron donor. The vegetable oil emulsion mixture and sodium
lactate that is brought to the site will be placed w~thm the storage tanks for initiation of the

mtxmg process In addlhon to the substrate, a tracer will be injected that wdl allow for
momtormg of the movement of groundwater away from each of the injechon wells. Sodium
bromide, a salt with high solubility m water, will be used as the tracer.

Prior to rejection, the in-tank mixers will be achvated to properly mix the soybean od-
lecithin mixture or sodium lactate, the bromide tracer, and water m preparation for
injechon.

6.3.2.2 Substrate Injection
The electron donor substrate wdl be injected into the fluvial aquifer via the 2-inch-diameter
injection wells. The flmds will be pumped by a Watson Marlow SPX-40 high-pressure hose
pump capable of producing 20 gallons per minute, down through the well casing, and
through a 2-foot "travelling screen block" The pumping will beginning at the bottom of the
well and move upwards, pushing the electron donor out into the fluwal aquifer at an
approximate rate of 3 gallons per rrunute. Prior to rejection of the vegetable od emulsion, a
high shear mixer will be used to form a micro-emulsion of each fluid with droplets less than
10 micrometers in diameter.

Pressure gauges connected to the injechon pipeline will allow observers at the surface to
note the amount of resistance to the fluld being pumped into the aquifer. In}echon pressure
is expected to be less than 100 pounds per square inch. The pumping will continue until the
prescribed quantity of substrate has been pumped into the aquifer. Current estimated
quantity to pump into the injection wells Is 21,138 gallons in Treatabdlty Study Area 1 and
10,569 gallons in Treatability Study Area 2 (see Section 7). Water obtained from the fluvial
aquifer will be used to flush the remaining electron donor from the reject|on pipeline.

Assuming the volumes of emulsion/water mixture and volume of water flush can be
successfully |njected into the formation equally and radial along the entire length of the
injection screen, and assuming a 30 percent effective porosity m the fluwal aquifer, the
column of substrate formed m the aquifer should be approximately 10 feet in diameter

around each rejection well. The effective soybean oil/lecithin saturahon in the subsurface
after rejection is complete is targeted at 25 percent of the effectwe porosity For the sodium
lactate, th~s target Is 15 percent of the effechve porosity.

During the course of injection, water samples from downgradmnt wells will be monitored to
check for emulsion/water breakthrough The presence of phase-separated oil emulsion m
each well and the impact on the groundwater table will be measured with an off-water
interface probe. The presence of soybean oil or soybean oil emulsion in each well will also
be checked wsually using by collecting samples with a clear polyethylene bailer.
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6.3.3 Performance Verification Monitoring
After the electron donor has been injected into the fluvxal aquifer, a period of time will be
required before an increase in the enhanced bioremedlation process can be confirmed.
During and after this proee~, CH2M HILL wdl collect groundwater samples from each test
area monitoring well. Samples will be collected on a bi-weekly basis for the first month and
monthly for the next 5 months from each treatabdlty study monitoring well and exlsting
monitoring wells, where applicable. Sample collection methods will be the same as those
presented m Appendix A Samples will be analyzed for VOCs as well as several
geocherrucal parameters, as descrtbed m Table 6-2, by Kemron Analytical Servlees.

6.3.4 Bioaugmentation
A number of microorganisms can be used to promote the reductive dechlormation process if
the system does not proceed past the degradation of a daughter product. For example, if
PCE were degraded to cis-l,2-dichloroethene but not degraded beyond that to other prod-
ucts such as vinyl chloride to ethene, then mlcroorgamsms could be added to the system to
enhance the process For the fluvial aquifer, the need to bioaugment may occur because
relatwely high levels of DO may keep the system aerobic or the system may only have

hm~ted amounts of m~croorgamsms that exist m an aerobic environment. Anaerobic
dechlorinating microorgamsms that may be apphcable include Delralococcus ethegenes strata

195 or the Pinellas-type.

In most cases, such bloaugmentation results in the establishment of non-native bacterial
populations that decrease within days or weeks due to compehtive pressures or other
environmental factors. At this time, there are no plans to implement bioaugmentahon at
either test area; however, if this approach is instituted, an addendum to this workplan will
be subrmtted to the BCT for review and approval.
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7.0 Equipment and Materials

Other than standard field equipment necessary for field achvztles, the field equipment
requzred for the implementation of the EBT Treatability Study will include a drilling rig to

install the monitoring and mjechon wells and pumps and ancillary equipment to inject the
electron donor substrate. Groundwater sampling equzpment zs described m Appendix A.
Additional materials necessary for this prolect include the quanhty and type of electron
donor substrate.

Monitoring and injection wells will be drilled via rotasonic drilling techniques. Rotasonic
drilhng was selected because it is the most effective method for boring advancement and
well installation under the site hydrogeologic condihons The depth to water (e g., 95 to
105 feet below ground surface [ft bgs] on average) and geologic charactenshcs of the fluvial
aqmfer (Le., tight sands mixed with gravel up to cobble slze) may cause problems wlth
installation of the wells using other drilling methods. Also, heaving sands and gravel up to
cobble size have caused serious problems for hollow-stem auger eqmpped rigs at the Depot
m the recent past. Azr rotary style drilling has not been used because of the heaving sand
problem. Mud rotary style drilling might be applicable in some instances; however, the time
spent handling investigahve derwed waste and generating fluids for the drilling process

decrease the likehhood of using this drilling method.

The method of injection will be the same for both test areas and will include the use of a
Watson Marlow SPX-40 high-pressure hose pump capable of producing 20 gallons per
minute effectively delivering the substrate to the subsurface. Prior to rejection, the material
will be mixed in an onsite mixing tank. For further mixing and shearing of the soybean
oil/lecithin electron donor, a tugh shearing mixer will be placed in the injection pzpehne to
form a microemuls]on.

Tables 7-1 and 7-2 present the preliminary estimates for the dose of electron donor substrate
to be injected at both test sites. The total quantity to be injected was based on the highest
level of PCE detected to date, 530 pg/L. An electron donor substrate dosage of four times
the highest contaminant level was estimated as the quantity required to stimulate the
reductwe dechlormation process. Therefore, the mixture injected into the aquifer should not
have less than 2 mg/L electron donor substrate.
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8.0 Sampling and Analysis

The samphng and analysis procedures presented below outline required actwlties
associated with the EBT Treatabdlty Study to define Rs effechveness m decreasing CVOC
concentrahons in groundwater underlying the Memphis Depot. In addlhon, the information
below outlines locations, frequency, and analyses for sod and groundwater to be collected
during and after mstallahon actwlhes and system operation as well as analyses reqmred for
disposal characterization for wastes generated during removal achvities.

8.1 Data Quality Objectives
The data quality objechves (IX2Os) detailed in Table 8-1 are established to achieve objechves
outlined in Section 4.

TABLE 8-1
Data Qualtty Objectwes

Objective Qualitative DQO Quantitative DQO Method to Obtain DQO

Vertical profile of
CAH dtstnbutJon

Electron donor
effectweness

Evaluate transport
of reducbve
dechlonnat~n
enhancement
matenale within
aquifer

Eshmate red=us of
mfluence

Develop vert=cal profile of
CAH d=stnbuhon wthln
fluwal aquder

Companson of CAll levels
pnor to mjecbon to CAH
levels post4n|echon and
cornpanson of
parent/daughter rabos of
CAHs from prewous to
subsequent mjecbons

Develop understanding of
concentratJon changes and
flow patterns w~thm aquder.

Define volume effected by
mtroduchon of electron
donor substzate material

Analyze groundwater
samples collected dunng
bacehne and monitonng
events. Analyze all by
SW-846 Method 8260B
In addlbon, analyze
groundwater samples for
geochem=cal parameters.

Compare results of
groundwater sample
analysis for VOC and
geochemJcal parameters
for pre- and post-
mjectK>n samples.

Analyze downgradlent
groundwater samples
results for CAH levels,
geochemlcel parameters,
and groundwater tracer

Analyze downgradlent
groundwater samples to
determine concentrat=on
change of contaminants
and geochemical
parameters as well as
tracer component

Collect groundwater samples from
monitonng walls dunng site-wide
groundwater basalme sampling
event, samples from mjecbon and
monitonng walls dunng basehne
event, and samples horn rnonitonng
wells dunng periodic momtonng
events

Collect groundwater samples from
monitonng wells m pre- and post-
mjecbon events and analyze
according to SW-846 Method 8260B
and geochem)cal parameters. Obtain
results and compare m tabular form.

Inject groundwater tracer pnor to
mjecbon of electron donor substrate
Install monitonng walls and collect
groundwater samples according to
SW-846 Method 8260B and analyze
for patterns of results in each
downgrad=ent well

Install rnon)tonng walls and collect
groundwater samples according to
SW-846 Method 8260B and for
bromide and analyze for patterns of
results m each dowtlgradlent well
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TABLE 8-1
Data Ouahly ObJeCtives

Objective Qualitative DQO Quantitative DQO Method to Obtain DQO

Rate of reduction
of CAH levels and
t=me required for
reduction to
regulatory levels

Effect of injection
pressures

Deplet=on of
electron donor
substrate ~n
aquifer

Define the brae elapsed
since introduction of
electron donor substrate
and compare basehne
levels of CAHs to end of
test levels to provrde
esbmate of time requcred to
reduce enhre plume to
requ=red levels

Deterrn=ne =f inlect~on of
electron donor substrete
results =n mounding of
water/substrate above
stabc top of water table

Define the time elapsed
since introducbon of
electron donor substrate
and compare basehne
levels of CAHs. Also,
determine =f substrete
continues to appear tn
momtonng wells as
product.

Analyze dowegrad=ent
groundwater samples to
determine cencentrahon
change of contaminants
and geochem=cal
parameters Compare
concentrabons after end
of test to baseline levels
and lime elapsed, and
using rate of flow from
tracer test, define time
required to reduce enbre
plume to regulatory
levels

Uhl~ze pressure or water
level transducers or
depth to water measunng
instrument m surrounding
mjectton and mendonng
wells to determine if
mounding results from
injection.

Analyze downgradlent
groundwater samples to
determine soncentrahon
change of contaminants
and geochemical
parameters. Compare
concentrations after end
of test to basahne levels
and time elapsed.

Install mject~on walls. Install
monltonng wells and collect basehne
groundwater samples according to
SW-846 Method 8260B. Inject
groundwater tracer pnor to mjechon
of electron donor substrate Collect
groundwater samples from momtonng
wells and analyze for patterns of
results Ln each downgradlent well

Install mjecbon and monitonng wells
and prepare each vath transducers
connected to data logger except for
injection well Set transducers for
stahc water level and inject matenal
From response of water level,
determine if mounding results from
reJection.

Install in|ecbon wells Install
rnonJtonng wells and collect basoline
groundwater samples according to
SW-846 Method 8260B. Also analyze
for substrate content. Inject electron
donor substrate. Collect groundwater
samples from memtonng wells and
analyze for pattams of results =n each
downgred=ent well.

8.2 Soil

8.2.1 Soil Core Sampling
During the drdling of each boring for momtoring and inlecbon wells, sod cores wdl be

collected in continuous samphng mode from land surface to the bottom of each boring. The

core samples will be collected in plashc tube bags placed at the end of the core barrel

subsequent to drilhng each 10- to 20-foot length. The core samples wdl be cut open and

examined for geologic charadenshcs lmmedmtely upon return to the surface. Headspace

field screemng (see field screenmg SOP m Techmcal Memorandum SA.01 - Data Collectzon

Plan for Long-Term Operahonal Areas (LTOAs), Mare Installahon, Mernp/ns Depot) will be

conducted over each core using an Organic Vapor Analyzer-Flame lomzation Detector
(OVA-FID) untd the last core is removed from the boring.

Sod samples wdl be collected from the vadose zone wherever OVA-FID measurements are

above 20 ppm or wherever there appears to be obwous staining m the sod profile. No more
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than one sample will be collected from each boring. In addmon, one soil samples will be
collected from the aquifer from each boring and analyzed for TOC content.

8.3 Groundwater Sampling

8.3.1 Baseline
A baseline sampling event will be conducted across the MI prior to the locating and drilling
of momtormg and mjechon wells associated with the EBT Treatablhty Study. All on-rote and
off-slte monitoring wells and piezometers, except for those recently sampled as part of the
LTOA Investigation, will be sampled. All samples will be analyzed for VOC content. In
addition, 18 wells will be selected for geochemical analysis sampling. Additional
mformahon on this sampling event is provided in Table 6-2 and Appendix A.

8.3.2 Pre-lnjection
Prior to injection and after development of each of the newly installed monitoring and
in}ectlon wells, groundwater samples will be collected from each location. Groundwater
samples will be collected according to procedures described in Appendix A. Groundwater
samples intended for analysis of VOC content will be collected through the use of
polyethylene diffusion bags. Groundwater samples intended for geochemical analysis will
be collected by a low-flow bladder pump system. All groundwater samples for VOC
analysis will be analyzed according to EPA Method SW8260B.

8.3.3 Post-Injection
Seven groundwater sampling events will take place after the electron donor substrate has
been injected into the fluvial aquifer. The first two events will be b|-weekly followed by
monthly events for the next 5 months. Groundwater will be sampled from each EBT
morutormg well and samples will be analyzed for VOC and geochemical analyte content
(Table 6-2). Samphng procedures will be similar to those described in Appendix A except
that collection of the diffusion bags will take place on a 2-week basis instead of three.

In addition to collechng samples for VOC and geochemical content, samples will be
collected for electron donor substrate or breakdown product distribution m the aquifer,

including:

¯ Metabolic acids to detect lactic acid
¯ EPA Method 1664 to detect soybean oil.
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9.0 Data Management, Analysis, and
Interpretation

9.1 Data Description
Informahon generated from the EBT Treatability Study will include geologic,
hydrogeologic, and geochemical data. In addihon, biologic informahon may also be
generated if bioaugmentation procedures are implemented during the study Geologic data

will be derived from the installahon of monitoring and mlechon wells and will include:

¯ Lithologic and stratlgraphic characteristics of the loess and fluvial deposits that overlie
the fluvial aquifer,

¯ Lithologlc and stratlgraphic characteristics of the fluvial aquifer.

Hydrogeologic data will derive from review of samples collected for analysis of the
groundwater tracer that is to be mjected prior to start of the injection phase. The data will
include definnion of the groundwater flow rate within the fluvial aquifer. Geochemical
information from this study will derive from analysis of all groundwater samples collected
for VOC and geochemistry. These data are critical for deterrmnahon of the effectiveness of
enhanced bioremedlation in the fluvial aquifer. If necessary, biologic informatmn will also
be gathered dunng the study and will reflect the type of microorganisms present in the
aquifer as well as the type required for augmentahon.

9.2 Data Management
Data management for the EBT Treatability Study will match the requirements of the
presented in Section 8. Most of the field data will be obtained through the efforts of field
screening, which includes use of direct-reading mstruments, and laboratory analysis of
samples. The information presented m this sechon is considered supplemental to the Final
Generic QAPP for the Memphis Depot activities.

9.2.1 Sample Numbering System
During samphng events conducted for the EBT Treatability Study, nomenclature will be
used to distinguish between categories of samphng events, sample locations, and, where
appropriate, depth of sample collection Sample numbering protocol will be as shown in
"Fable 9-1.
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TABLE 9-1 p

Sample Numbenng Protocol

Type of Sample(a) and Example Sample
Sample Event Location Sample Number Description Number

Basahne Groundwater Groundwater; Sitevnde For VOC samples, sample For V(~X~. MW92_95-
Sampling for VOCs across Mare Installation numbers wdl reflect depth of 100-BL
and Geochemistry dlffus=on beg sampler located

m each wall Samples for For (~=ochemist~
geochem=stry will reflect MW92-DL
sample location only

Mondonng and Sod, In both study areas Samples wdl reflect location MW109_100-110
Inject=on Well and depth of sample collection
Installation MW110_110-120

Basehne Samphng of Groundwater;, In both All samples wdl have an EBT-B For VOCs MW92-
Momtonng and study areas deslgnat=on to reflect th=s EBT-B_95.-100
Injecbon Wells basehne event. For VOC

samples, sample numbers wdl For Geochemistry
also reflect depth of ddfusJon MW92-EBT-B
bag sampler located m each
well Samples for geochemistry
w~ll also reflect sample Iocat=on
only.

Treatabddy Study Groundwater; In both All samples will have an EBT- For yOCs MW92-
Sampl=ng Events of study areas TS deSK:jnahon followed by an EBT-TS-1 _95-1 O0
EBT Momtonng Wells number (beginning with 1)

reflecting the sequenbal For (~eoc.,hemlst~"
samphng events For VOC MW92-EBT-TS-1

samples, sample numbers vail
also reflect depth of d=ffus~on
bag sampler located m each
well. Samples for geochemistry
wdl also reflect sample location
only

For Duphcate samples, a "D" will be inserted at the end of the sample number Matrix ~ )~ke/matnx spike
duplicates wdl be denoted with an "MS/MSD" at the end of the sample number Equipment, t’mld, and thp blanks
wll be desKjnated wth "EB’, "FB’, and "TB’, respectively.

9.2.2 Field Screening Data Management
Field screening efforts wdl include ambient mr screening around monitoring and rejection

wells with an OVA-FID and screening of groundwater during purging procedures with

portable direct-reading instruments. The data collected from these instruments will require

the full attention of the operator to ensure that reported values are not nusmterpreted or

misunderstood. Data that will be recorded with each measurement include the following:

¯ Date and t~me;

¯ Elapsed brae since test began, as necessary;
¯ Locahon of measurement/location where the sample was collected, as necessary; and
¯ Instrument measurement
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Each measurement will be handwritten into a bound f, eld notebook and, after the ent,re test
has been completed, the data will be transferred into an electronic file for use within the EB’[
Treatabihty Study report.

Other field notes to be collected during performance of the Treatability Study and written in
the field notebook(s) include: weather information, personnel present during onsite
activzties; subcontractor names and actwitles, sketches of the test system used dunng the

study; notes on the proximity of the system to estabhshed facilities within the MI; and all
other pertinent reformation that may effect study results. This information will be included
m the Treatability Study report, as necessary.

9.2.3 Analytical Laboratory Data Management
Multiple samples wzll be submitted to an analytzcal laboratory for VOC and geochemzcal
analysts and reporhng. During collection of groundwater and sozl samples, the date, time,
location of sample collection, and sample number will be recorded in the field notebook.
This informahon will be transferred, as reqmred, to the Chain-of-Custody (COC)
documents. Copies of the COC will be kept at the site until the study is over and will be
transferred to the s~te fries for record keeping.

After the analytical data have been received from the laboratory, the data will be stored
electromcally, summarized, and reproduced for the EBT technical memorandum. Prior to
this, however, the data will be rewewed by a project chemist for quahty assurance (QA). 
there are any differences between the chemist’s and the laboratory’s rewew of the data, a
letter report will be zssued describing the differences and any potential results from the
study. Electromc Dehverable Data will be delivered according to EDMS 4 0.

9.3 Data Analysis And Interpretation
The data collected during the study wdl be tabulated and graphed to observe trends in
relevant groundwater parameters Data collected at each monttormg location will be
compiled to provide an overvzew of the changes that occurred throughout the test plots. In
addtuon, a statistical analysis wd[ be performed to determine if observed changes m
measured concentrations are statistically significant. These changes will be compared to the
varmtlon observed in the water extracted from the observation well. A t-test with a 5 percent

significance level (a= 0 05) will be used to compare the mean value of measured
concentrations from separate samphng events.

All data and resulting interpretation will be presented and described within the EBT
technical memorandum and each Remedial Design document for the MI. The data will also
be used as a basis for the design of the groundwater remedy.
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10.0 Health and Safety

A site-specific HASP for the tasks presented hereto was prepared by CH2M FtlLL in
February 2002. Issues particular to the EBT study are discussed within the HASP. These
zssues may include but not be hmited to the following:

Groundwater Sampling: Use of Pumping Equipment - The use of eqmpment to obtain
samples includes air-operated bladder-type pumps, elect~cal generators, tubing,
diffusion bags, and portable direct-reading instruments. The work will reqmre effort
around potentially hazardous environments and will reqmre controls on ambient air
hazards.

Monitoring and Injection Well Installation: Drilling - The mstallahon of wells at the

MI will require the use of rotasomc eqmpped drdl rigs The use of this equipment has
inherent hazards, including rotating mechanical equzpment, potenhal hazardous
atmospheres, noise, and potential shps, trips, and fall posszbflitles.

Soil Sampling - Soft from the fluvial aquifer may potenhally contain levels of VOCs
hazardous to personnel exposed to the vapors. Screemng wzth field equipment will be
necessary to keep the hazards below achon levels.

Ambient Air Monitoring Action Levels - The existing HASP prowdes action levels for
upgrading levels of personnel protection from Level D to Level C and LEVEL B.
However, employing engineering controls to prevent VOC emissions is preferable to
using personnel protect|ve eqmpment If the action levels for Level D are exceeded
during the operation of this study, the study work efforts will be revised for corrective
achons. Actions may include changing ambient air measurement locations or bringing in
eqmpment to reduce the hazards
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11.0 Residuals Management

Waste handling will be dealt with during the Treatability Studies. Waste may be classified
as nonmveshgatlve waste or mvestlgahve/field-generated waste.

Noninvestigahve waste, such as litter and household garbage, will be collected on an as-
needed basis to maintain the site in a clean and orderly manner. This waste will be
containerized and transported to the designated samtary landfill or collection bin.
Acceptable containers will be sealed containers or plastic garbage bags.

Inveshgahve/fleld-generated waste will be properly containerized and temporarily stored

at each site, prior to transportation. Depending on the constituents of concern, fencing or
other special marking may be reqmred. The number of containers will be estimated on an
as-needed basis. Acceptable containers will be sealed, U.S. Department of Transportation-

approved steel 55-gallon drums or roll-off box-type containers. The containers will be
transported m a manner to prevent spdlage or particulate loss to the atmosphere. To
facdltate handling, the containers wdl be no more than half full when moved.

The investigative/field-generated waste will be segregated at the site according to matrix
(sohd or liquid) and means of derivation (drill cutt|ngs and decontamination fluids). 
container will be properly labeled with slte identification, sampling point, depth, matrix,
constituents of concern, and other pertinent reformation for handhng,

Sod cuttings generated from the momtormg point installation procedures will be placed in
drums or other appropriate storage dev|ces and stored at the site. The soil will be sampled
for final disposal purposes according to methods and analyses reqmred by the accepting
corporation Once the soft analytical data have been obtained, the sod will be removed from
the MI w~thin 60 days. Previous IDW sod samples were analyzed by TCLP methods and
were found to be non-hazardous. The sod did not require spec|al procedures for
transportation and d|sposal.

Wastewater generated from well development, purg|ng, sampling and equipment
decontammahon activities must also be stored at the site prior to removal from the MI. Once
analytical data have been obtained, the water will be removed from the MI within 60 days.
During past investigation activities at the MI, IDW water was d|sposed of m the City of
Memphis sewer system after a temporary permit had been obtained from the City of
Memphis Public Works Department. The permit provided an explanahon that the water
contained concentrations of contaminants slrmlar to the effluent from the operating Dunn
Field groundwater extraction system, which discharges into the City’s sewer system.



/ ,

12.0 Community Relations

The Memphis Depot has an active commumty involvement that momtors the events that
occur at the Memphis Depot site as well as the Ml The EBT Treatabflzty Study will occur
with the knowledge of members of the community, many of which llve just beyond the
perimeter of the MI It is imperative that this study be conducted according to the
specifications presented hereto and that zf any changes are necessary proper notification zs
followed along wlth discussions with all stakeholders

It is anticipated that the plans for the treatability study will be presented to the Memphis
Depot Restoration Advisory Board (RAB) prior to field actwlhes. In addition, prior 
mihatlon of field actwlhes, fact sheets describing the treatabdlty test and duration of the
fleldwork will be distrlbuted to the local community members that hve in the area
surrounding the MI. The findings from the study will also be presented to the RAB
members once they are fmahzed.



13.0 Repots

An EBT Treatablhty Study techmcal memorandum will provide the necessary
documentation of the completed Treatability Study process. CH2M HILL will complete the
technical memorandum according to the schedule presented in Section 14 0. The technical
memorandum will include, but not be limited to the following:

¯ A description of the EBT system construction and additional monitoring and mjectton
well installation;

¯ Description of methods, including injection, monitoring, and samphng, enacted during
the study and electron donor substrate performance;

¯ Field measurement methods,

¯ Summary of field and laboratory analytical data as presented in graphs and tables,

¯ Results of analysis of the analyhcal data via computer models, including contaminant
concentrations, groundwater geochemistry, change tn contaminant concentration versus
basehne concenh’ations, and

¯ Recommended parameters for the final design

The EBT technical memorandum will also contain a separate section that covers the data
quahty and validity. At a minimum, the following information will be included m this
section:

¯ Assessment of measurement data precision, accuracy, and completeness;
¯ System and performance audit results,
¯ Potentml QA problems and corrective actions implemented, and
¯ Copies of documentation, such as memos and reports.

~’~PEACHTRE~,PROJ~I 6C49~TASX TS 01 - MI EJBI TREAT ST~T TREATABrktTY STUDY ~ I EBT TREAT S’Pd DY~O~EV 1 _MI EIBT TREAT STUDY
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14.0 Schedule

14.1 Preliminary Schedule
The following preliminary ~hedule (Table 14-1) zs presented for the EBT Treatability Study

fieldwork and preparation of the final technical memorandum.

TABLE 14-1
Prefiminary Schedule

Task Date Completed

January 14, 2002Submit Rev. 0 EBT Treatabd=ty Study (TS) Work.plan as part of the RD Workplan 
the U.S. Army Corps of Engineers and BCT

Conduct Baseline Groundwater Sampling Event

Receive Comments on Rev 0 TS Workplan from Agenoes and USACE

Submit Rev 1 TS Workplan

Contact Utility Locators (Term Utd=t~es Hothne at 800-351-1111 

Install Mon~tonng and Injecbon Wells within each Treatability Study Area (Event
includes well development and baseline samphng of each new well)

Analyze Baseline Samples of Mon=tonng and Injection Wells

InJect=on of Electron Donor Substrate into Study Areas

Performance Mon~tonng of Substrate Effect

Ceeduct Labocatory Analyses of Final Groundwater Samples

Conduct Final Laboratory Data Evaluation

Prepare EBT Technm..al Memorandum for submittal w~th MI Intermediate RD report

Submit Weekly Field Status Report to USACE & BCT and Conduct Monthly
Telecooferences to DiScuss Field/Lab Results

February 19. 2002

March 15, 2002

April 14. 2002

March 30. 2002

May 15. 2002

May 25. 2002

June 25, 2002

January 15. 2002

January 15, 2002

January 31. 2003

February 15, 2003

February through
January 2003
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Table 5-1
Geochemical Markers of the Ruvial Aquifer Underlying the MI
Rev 1 MemOs Depot Mare InstNiat~n EB T Tmatab#~y Study wof~’~

Geochemical Marker RepoSed Range* Background Values Units Biodegradatlon Activity?

Soluble Chlorrde Ion 11 -24 10 mgn- Supportive
ORP 145 - 238 209 mV Not support,ve
Dissolved hydrogen 1 39-3 13 1 19 nm/L Supportive
Dissolved oxygen 545-756 6 51 mg/L Not supportive
Nitrate 18-29 21 mg/L Not suppo~ve

Ferrous(Fe2") iron ND ND mg/L Not supportive
Ferric (Fe3+) iron ND ND mg/L Supportive
Manganese ND ND mg/L Suppodlve
Sulfate/Sulfide 4 3 - 18/ND 30/ND mg/L Supportive
Methane 0 002142 - 0 005964 0 000067 mglL Not supportive
Alkalinity 45 - 90 95 ppm Supportrve

pH 578-579 617 su Supportive
Temperature 1996-21 38 1844 degrees C Supportwe
Ammonia ND-05 02 ppm Not supportive
Total Organic Carbon ND ND mg/L Not suppo~ve
BOD ND ND mg/L
CAH daughter products present ND u~. Supportive
"Range =s roporlod for wells ’/*’1thin the pJurlr~ ~rlBB

ORP = Oxcta~o~/Redox PotenbaJ

BOO = Blochemcal Oxygen Demand
CAH = Chlorinated AJzphatJc Hydrocar~

mg/L = mllhgrams pe~ Izter

mY = mllllVO~S

nm,q_ = nanometers per hter

ppm = parts per malbon

SU == stan~ units

C = centJgrade
ug/L = microg~’ams per IltOr
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Table 6-1
List of Preliminary Activities of the MI EBT Treatability Study
Re’," I Mempl~s Depot MI EBT Treatab~ln~/ Study Workptan

Activity Description Purpose

Ensure that no service lines or othel

Utility Locating Location of site uSlitJes pnor to utd~bes may be present in the
intrusive activities locations selected for momtonng or

rejection wells.

Sampling of all exlsltlng on- and
Define current VOC plume

:offs=te monltonng wells and
configuration in the fluvial aquifer

Baseline Groundwater Sampling ~=ezometers and analyze and set baseline for reductwe

.~amples for VOC, metals, and
dechlodnation and long-term natural

aeochemical parameters
attenuat=on momtonng studies, as
defined by the MI ROD

Determination of quantity
ElectronDonor Injection Quanbty "equired to inject into the fluvial Quanbty of material to inject is vital

Determination aqu=fer to ehance reducfive
to enhancement of the reductive

:lechlodnatJon processes. dechlormatJon process

Install 28 monltonng and 20 Wells required as part of study
njection wells in two EBT study actJvlties Sampling of groundwater

Monitoring and Injection Well areas using rotasonic methods
Screened intervals for each type i

subsequent to injection wdl be

Installation and Sampling critical to define =f reductive
well w=ll be located for most dechlonnat=on =s progressing and
effective sample and rejection reducing current levels of CAHs m
results. nuvial aquifer.

Communicate with DRC and
Other Field Actlvlhes (Site ~ersonnel at Memphis Depot Establish roles and chain-of-

communications, temporary Business Park regarding
command, storage for equipment

storage, security) communications, storage needs, required dunng study, and secunty

and site secunty of equipment and personnel.



Table 6-2
Analytical Protocols for EBT Samples
Rev 1 Memphis Oepot Ma~n Installation EBT Tmatat~l~y Study Woman

Field (F) or Analytical (L)
Matrix and Analytes Method

Laboratory

...Groundwater°
Redox Potential Direct-reading meter F
Dissolved Oxygen Direct-reading meter F

pH Direct-reading meter F
Specific Conductance Direct-reading meter F
Temperature Direct-reading meter F

VOCs SW8260B L
Dissolved Gases (ethene,
ethane, and methane)

RSK175 L

Dissolved organic carbon ;W9060 L
Nitrate, nitrite SW9056 L
Sulfate SW9056 L
Sulfide E376.1 L
Carbon dioxide CHEMetrics Method 4500 F
Bromide E320.1 L
Chlonde SW9056 L
Ferrous Iron Hach Kits F
Manganese SW6010B L
Alkalinity E310,1 L
Metabolic Fatty Acids E300 0 L
Od in Water SW1664 L

Sol.__l

Total Organic Carbon SW9060 L

Veqetable Oil, Lactate, and
Tracer
TAL/TCL TAIJTCL L

"Ropoded in sequence ~ samplo co~lect~
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Figure 3-1
Anaerobic reducUve dechlodnation pathways (Wiedemeier et a11997).
Rev 1 Memphis Depot Main Installation EBT Treatabll~ Study Workplan
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TECHNICAL MEMORANDUM CH2MHILL

Baseline Groundwater Sampling Plan for Main
Installation Monitoring Wells
TO.

COPIES:

FROM:

U.S. Army Engineering and Support Center, Huntsville

Defense Distribution Center (Memphis)

U.S. Environmental Protection Agency (USEPA), Region 

Tennessee Department of Environment and Conservation (TDEC)

CH2M HILL

January 14, 2002

Introduction
This Basehne Groundwater Sampling Plan (BGSP) has been prepared as part of the
Enhanced Bioremedlation Treatment (EBT) Treatability Study Workplan for the Mare
Installation (MI) and describes groundwater samphng activities needed m preparahon for
the EBT study. Recent groundwater samphng events have focused on individual sites
within the MI while occurring at different periods, no complete groundwater study has
been performed within the MI since October 1998. To develop a comprehensive
understanding of the current groundwater contaminant extent, all pertinent momtormg
wells (MW) and piezometers (PZ) associated with the MI, both onsite and offsite, will 
sampled

Subsequent to the analysis of all samples, the data from this event will be used to formulate
the final quantity of electron donor substrate material to reject into the aquifer for the EBT
study and other phases of the MI Remedial Design. In addition, the mformatmn gained
from this sampling event will be used to define long term monitoring needs at the MI.

Objectives of Baseline Groundwater Sampling Plan
The objectives of the BGSP are to:

¯ Collect groundwater samples from all MW and PZ locations associated with the MI.

Analyze groundwater samples for volatile organic compound (VOC) content as well 
various geocherrucal parameters required for an understanding of the reductive
dechlorination activity in the fluvial aquifer.

The analytical results will be used to: (1) define monitoring well locations for the EBT
Treatability Study; (2) provide up-to-date VOC contaminant concentration data for the
fluvial aquifer; (3) provide up-to-date geochemical parameter data for the fluvial aquifer;
and (4) refine the quantity of nutrient source needed to enhance reductive dechlorination
within the fluvial aquifer.
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Data Quality Objectives
The data quahty objectives (~s) are found in Table 1 and have been estabhshed 
achieve the samphng objectives. Three sampling methods will be used during the sampling
event to ensure that the DQOs are satisfied and that the data is usable for the entare RD.
These sampling methods have been utilized during other MI groundwater sampling events
and have proven effective for data collection. Sample analysis methods are EPA-approved
laboratory analytical methods

Twenty-mght monitoring wells and five piezometers will be sampled for VOCs during this
event. In addition, eighteen monitoring wells will be sampled for various geochemical
parameters. Table 2 lists all MI momtormg wells and plezometers and identifies those that
will be included m the baseline samphng event. Figure 1 presents the location of the
sampling points Sixteen monitoring wells were sampled for VOCs using diffusion bag
samplers during the Long-Term Operational Area (LTOA) mveshgation (November 
December 2001) and this data will be used to supplement information gathered during this
baseline event Groundwater samples will be analyzed according to methods described in
Table 3.

Field Activities Methodology
Field activity procedures will follow methods described herein. The following site-specific
plans should be used for further reference on apphcable methods and procedures:

¯ Operable Umts 2, 3, and 4 and Sereenmg Sites Field Samphng Plan Addenda
(CH2M HILL, September 1998)

¯ Operable Umt 2 Field Sampling Flan (CH2M HILL, September 1995)
¯ Operable Umt 3 Field Sampling Plan (CH2M HILL, September 1995)
¯ Operable Umt 4 Field Samphng Plan (CH2M HILL, September 1995)
¯ Screemng Sites Field Sampling Plan (CH2M HILL, September 1995)
¯ Generic Remedial Investigation (RI)/Feasibfilty 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 ! HLL, February 1995)

Groundwater Sampling
The methods and procedures used in the field will adhere as closely as possible to
procedures d(:-scnbed m the U.S. EPA Region 4 Science and Ecosystems Services Division,
Environmental Investrgatwns Standard Operating Procedures and Quahty Assurance Manual
(EISOPQAM), dated May 1996 (revised m 1997) as well as sampling and purging
procedures presented in Low-Flow (Mmzmal Drawdoum) Groundwater Samphng Procedures
(Puls and Barcelona, 1996), Sections 7 2.2 and 7.3.3.

All VOC samples will be collected through the use of polyethylene diffusion bags. Diffusion
bag samplers allow for collection of discrete water samples associated with longer screened
wells. Diffusion bag samplers consist of polyethylene bags filled with deiomzed or distilled
water, which are lowered into the well screen interval. The concentration gradient between
the VOCs m the well and the water-filled bag results m diffusion of contaminants into the
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sampler. Diffusion bag samplers wdl be located m each well as described in Table 2.
Construction, installahon, and samphng of the diffusion bag samplers will follow gmdance
developed by the U S. Geological Survey (2001) in User’s Guide for Polyethylene-Based Passive
Dzffuszon Bag Samplers to Obtain Volatile Orgamc Compound Concentration zn Wells. Diffusion

bags will remain in each monitoring well for a three week period.

Collection of groundwater samples from piezometers wdl differ from monitonng wells. The
small diameter (0.5 inches) of the piezometer casing necessitates the use of a small diameter
bailer instead of a bladder pump. Before sampling, each piezometer will have at least three
well volumes purged using the bailer. Field measurements of DO, ORP, turbidity, pH,
temperature, and SC will be made during the purging process untd stabdlzahon.
Piezometers wdl also be sampled using the same baders. Each bailer will be d~scarded after
each use

All geochemical samples will be collected using a bladder pump system in order to
mimmize agitation of the groundwater and sample turbidity. The bladder pump will be
equipped with high-density polyethylene (HDPE) tubing lined with Teflon ® and the pump
wall be poslhoned within selected wells as described in Table 2. Field measurements of DO,
ORP, turbidity, pH, temperature, and SC will be made every five minutes. These
parameters will be measured using an mrtight flow-through cell. Purging will continue
untd held measurements are stable according to the following standards: plus or minus 0.1
pH, plus or minus ten millivolts ORP, plus or manus 3 percent for specific conductance, and
plus or minus 10 percent for turbldtty and dissolved oxygen.

All samples will be preserved as required in Table 4 and will be dehvered to a laboratory
within the appropriate holding period.

In addlhon to groundwater samples, QA/QC .samples will be collected during the field
effort. The QA/QC samples include field duplicates, matrix spike/matrix spike duplicate,
ambient blanks, eqmpment blanks, and trip blanks The quantity of QA/QC samples
collected at the site will be m accordance with guidelines m Section 5.13.11 and 5.13.12 of
the EISOPQAM and as presented in Table 4.

Investigation-Derived Waste (IDW)
Purge water will be contained m drums and transferred to the Groundwater Extraction
System located at Dunn Field No drums will be staged on-site.

Logistics
Equipment, supphes, and personnel required to complete the baseline sample event at the
MI will mobilize after approval of this BGSP. The Hazardous and Toxic Waste Health and
Safety Plan (CH2M HILL, August 1995) for Memphis Depot will be amended prior to the
start of field actiwhes.
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Table 1
Sampling, Analysis, and Data Quality Objectives
Memph~ Depot Main Instagafc, n Basehne Groundwater Samt~tn~ >tan

Sampling Method Associated Well Numbers Data QualiW Objective
Category Data QaualRy ObJect/ve/Purpoee

Quanhfy VOC contamination =n

MW-16. 19. 20.21.22.23. 24. flu~al aquifer by ensuring sampling

Diffusion Bag 26. 34.36, 38, 39, 47. 50. 52, 53, methods are consistent with recent

Samplers 55, 62. 63, 64.66, 72, 81, 82.83, Defin~ve sampling events Also. provide

84.89. and 90 add~t=onal ~nforrr~tron on the
stretJficahon of sonamJnants in the

fluwal aquifer.

Same as prewous objecttve In
addd~on, only productwe method for

Teflon Bader PZ-04, 05. 06, 07, and 08 OeflnltJve sampling groundwater from
~ezometers wfth 0 75 Lnch ID caslag
~n a water table greater than 33 feet

below ground surface.

Determine current reduc~ve
Low-Flow MW-16, 21.22.47, 50, 72. 83. dechlonnahon actlwty ~n fluwal

Techniques 85. 86, 88, 92, 93, 96, 97. 98, Defin=tJve aquifer for EBT study and Remedial
(Bladder Pump) 100, 101, and 102 Design Acceptable samphng

method for geechemlcal parameters.
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Table 3
Analytical Protocols for Samples
Memphis Depot Main instal/at,on Ba~l~ G,’oundwafer Sarnpkr~j ,°tan

Matrix and Analytes Analytical Methods
Field (F) orAnalyUcal (L)

Laboratory

Redox Potential Direct-reading meter F
Dissolved Oxygen D~rect-readmg meter F
;~H, turb=dity Direct-reading meter F
Spec)fic Conductance Direct-reading meter F
Temperature Direct-reading meter F

VOCs SW8260B L
Dissolved Gases (ethene,
sthane, and methane) RSK175 L

D=ssolved total organic carbon SW9060 L
Nitrate, ndnte SW9056 L
Sulfate SW9056 L
Sulfide E376.1 L
Carbon droxlde CHEMetrics Method 4500 F
Bromide E320.1 L
Chloride SW9056 L
Ferrous Iron SM 3500 FED L
Manganese SW6010B L
Alkalinity E310.1 L
Metabolic Fatty Acids E300.0 L

"Repotted m sequence (~ sample Collect=on
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Appendix B - EBT Treatability Study
Monitoring and Injection Well Installation
Procedures



TECHNICAL MEMORANDUM CH2MHILL

Main Installation EBT Treatability Study Monitoring
and Injection Well Installation Procedures
TO.

COPIES:

FROM.

DATE:

U S. Army Engineering and Support Center, Huntsville

CH2M t fILL

April 8, 2002

Introduction
This memorandum has been developed to outhne the procedures to be used in the field
durmg monitoring and injechon well installation for the EBT Treatability Study within the
Main Installation (MI) of the Memphis Depot. Each momtormg and injechon well boring
will be drilled using rotasonic drilling methods and each well will be constructed according
to procedures and specifications described herein

Objectives of Monitoring and Injection Well Installation
The objectives of the installation activities are to:

¯ Install and complete injection wells for the application of the electron donor substrate
into the fluvial aquifer.

¯ Install and complete momtoring wells downgradient of the antlclpated electron donor
substrate injection area.

Incorporate findings of monitoring well installation effort mto the EBT Treatabthty
Study Technical Memorandum. The data will be used in conjunchon with groundwater
sample analysis results within the Intermediate and Prefmal/Fmal Ml Remedtal Design
documents.

After mstallahon and prior to the applicahon of the electron donor substrate, the monitoring
and rejection wells will be sampled to represent baseline groundwater condlhons. During
apphcahon of the electron donor substrate, the wells will be sampled during at least seven
other events to momtor the effects of the application.

Data Quality Objectives
The data quality objectives (DQOs) detailed below are estabhshed to achieve the sampling
objectives
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Activity Data Quality Objective Purpose
Category

Monitoring and m]echon well Definitive Inlechon wells will be used
installation dunng t~eatabihty study and,

possibly, for future mlechon
events to enhance the reduchve
dechlonnation process
Momtorlng wells will be used
during the enhre treatability
study testing period for
collection of groundwater
samples to evaluate the
effectiveness of the introduchon
of electron donor substrate to
enhancing reduchve
dechlormahon m the fluvtal
aqmfer.

Monitoring and Injection Well Installation Procedures
Up to 28 momtoring and 22 rejection wells wdl be installed using rotasomc dnlhng
methods. Rotasonic drilhng was selected because *t is the most effective method for boring
advancement and well installation under the slte hydrogeologlc condlhons. The relatively
large depth to water (Le., 95 to 105 feet below ground surface (ft bgs) on average) 
geologic charactenshcs of the fluvial aquifer (Le., hght sands mixed with gravel up to cobble
slze) hkely would cause problems with installation of the wells using other drilling
methods

Well screen intervals will be poslhoned at different depths within the fluvial aquifer but will
always be located above the clay-confining un|t that underhes the aquifer. 1"he estimated
depth of the wells ranges from 110 to 135 ft bgs. The final locat|on of these wells will be
dependent upon the results of baseline groundwater samphng event, as described m
Appendix A to the EBT Treatability Study Workplan.

Installation Procedures
Monitoring and mjechon well instal]ahon will be performed in accordance w*th US Army
Corps of Engineers OE EM 1110-1-4000 and US Enwronmental Protection Agency Region

IV, Science and Ecosystems Services Dwlston Enwronmental Inveshgahons Standard Operating
Procedures Quahty Assurance Manual (EISOPQAM), May 1996 (revised in 1997).. The wells
will be constructed within rotasomc drill casing as the casing is withdrawn from the boring.
Borehole diameters will be a mirumum of 7 inches The reside diameter of the rotasomc drill
casing will be at least 4 inches larger than the outstde diameter of the well casing and screen
to faclhtate proper installahon of the well Therefore, the rotasonic drill casing will require
an tuner annulus that is 6 V(-inch diameter or larger.

The new wells will be constructed of 2-inch inside diameter (I.D.) PVC casing and screens.
Each well will have a filter pack around the screen, a bentonite seal above the filter pack,

C IWP FOLDER%MOnITOR ’HELL ~N STA~.L MEMO OOC 2 RE’V-00
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and cement grout to ground surface installed through the drill casing. The wells will be
straight and plumb to allow passage of pumps or samphng devices.

The documentahon record and forms will document the following information for each
boring:

¯ Boring or well identlficahon - Begin with well # MW-109

¯ Purpose of the boring (e g, soil sampling, monitoring well)

¯ Locatton m relation to an easily identifiable landmark

¯ Names of drflhng subcontractor and logger

¯ Start and finish dates and times

¯ Drilhng method

¯ Types of drilling fluids and depths at which they were used, if applicable

¯ Diameters of surface casing, casing type, and methods of installaUon

¯ Depth at which saturated condlUons were first encountered

¯ Lithologic descriptions and depths of hthologlc boundaries

¯ Samphng-mterval depths

¯ Zones of cawng or heawng

¯ Depth at which drilhng fluld was lost and the amount lost

¯ Changesin drilhng fluid properties

¯ Dnlling rate

¯ Drflhng mg reachons (e.g, chatter, rod drops, and bouncing)

Prior to drilling activitles and between each well locahon, all drflhng equlpment and the ng
will be decontaminated using a high pressure steam cleaning wash as described m the
Decontaminahon Section.

Logging of Boreholes

Samples for lithologic description will be collected continuously at 10-foot intervals
beginning at the ground surface. LIthologac descmptions of unconsolidated materials
encountered in the boreholes will generally be described m accordance with the 1990
Amerlcan Society for Testing and Matemals (ASTM) D-2488-90, Standard Practice for
Descrtptwn and IdenhJ~cation of Soils (Visual-Manual Procedure). Descriptive information 
be recorded in the field will include:

¯ Identification of the predommant particles size and range of parUcle sizes
¯ Percent of gravel, sand, fines, or all three
¯ Descmption of grading and sorting of coarse part|cles
¯ Particleangulanty and shape
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¯ Maximum particle sizeor dimension.

Plasticity of fines description include:

¯ Color using Munsell Color System
¯ Moisture (dry, wet, or moist)
¯ Consistency of fine grained soils
¯ Structure of consohdated materials
¯ CementaUon (weak, moderate, or strong)

Identlficahon of the Unified Soil Classlhcahon System (USCS) group symbol will be used
Additional mformahon to be recorded Is: depth to the water table, caving or sloughing of
the borehole, changes in drilhng rate, depths of laboratory sample colleehon, presence of
organic materials, presence of fractures or voids m consolidated materials, and other
noteworthy observations or conditions, such as the locations of geologic boundaries.

The headspace of soil samples will be screened with a flame lomzation detector-organic
vapor momtor (e g., FID-OVA). The headspace samples will be brought (if necessary) 
temperature of between 20°C (68°F) and 32°C (90°F), and the reading wdl be obtained 
rrunutes thereafter. The soil sample will be spht into two jars and readings will be made
with the FID (unhltered) on one jar. If the FID reading is greater than 10 parts per mdhon
(ppm), a reading will be made on the second jar with an actwated charcoal filter on the FID.
A total corrected hydrocarbon measurement of the sample will be calculated by subtracting
the filtered reading from the unfiltered reading. AnalyUcal instruments must be cahbrated
m accordance with the manufacturer’s instructions. The headspace samples will be
collected and analyzed using the following procedure:

1. From the sample location, remove the top I to 2 inches of sod using a decontaminated
stainless steel spoon

2. Fill lh of two decontaminated 16-ounce mason lars with soil from the resulting hole
using the stainless steel spoon.

3. Cover the jars immediately with aluminum foil and fasten the jar lids.

4. Allow the sample vapors to equilibrate m the jars (approxlmately 5 minutes).

5 Punch a hole m the aluminum foil with the Up of a calibrated FID.

6 Record the highest reading.

7. If the FID reading is > 10 ppm, repeat Steps 5 and 6 with the active charcoal filter on the
calibrated FID to the second jar.

All measurements will be recorded on the logging form at the corresponding depths. The
samples wdl be handled in such a way as to mimm~ze the loss of volahles Sod cuttings will
be examined for their hazardous charactenshcs. If suspected samples are encountered, they
will be noted on the boring log form for reference during mvest|gative derwed waste (IDW)
samphng.

Casing Requirements

The casing requirements that will be followed include:
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¯ All casing wdl be new, unused, decontaminated, 2-inch inside diameter, schedule 40
polyvinyl chloride (PVC) with intemal flush joined threaded ioints.

¯ The PVC will conform to the ASTM Standard F-480-88A or the National Samtatlon
Foundation Standard 14 (Plastic Pipe System).

¯ Glue or solvent-welded joints will not be used to iota casing.

Well Screen Requirements

Well screen requirements are as follows:

¯ All requirements that apply to casing will also apply to well screen, except for strength
requirements.

¯ Momtoring wells wdl not be screened across more than one water-bearing unit.

¯ The screen sections will be factory slotted or wire wrapped with 0 040-inch openings
and no less than 10-ft m length.

¯ A threaded PVC cap or point will be placed at the bottom of the screen will be joined to
the screen by threads.

Filter Pack Requirements

The filter pack material will be clean, bagged, sieve sized, silica sand, (supplier certified to
be free of contaminants), inert, hard, well rounded (less than 2 percent fiat particles), 
free from roots, trash, and other deleterious material The sand will be certified free of
contaminants by vendor or contractor. The filter pack wdl extend from the bottom of the
hole to at least 2 ft above the top of the well screen. The vendor wdl be required to use
Ummlm Filter Seal No. 2.

The filter pack will be installed wlth a bottom-discharge tremie pipe. The tremie pipe will be
lifted from the bottom of the hole at the same rate the fdter pack is set. The contractor will
record the volume of the filter pack emplaced in the well. Potable water may be used, with
the approval of FTL, to emplace the filter pack so long as no contaminants are introduced.

Bentonite Seal Requirements

Following filter pack placement, a minimum 2-foot-thick bentonite seal will be placed above
the sandpack. The 100% sodium bentonite seal will consist of 1/4-inch or 3/8-inch diameter
dry bentonite pellets or chips. The bentonite seal will be installed by gravity methods The
bentonite seal will be allowed to hydrate for a minimum of 4 hours prior to the installation
of the cement grout.

Casing Grout Requirements
The casing grout requirements are as follows"

Cement grout will be placed in the annular space above the bentonite seal to ground
surface. The grout will be pumped through a side-discharge trervae pipe and the length will
be no more than 5 feet from the top of the level of grout at all times. The pumping wdl
continue until grout has returned to the surface No method will be permitted that does not
force grout from the bottom of the borehole to the surface. The grout seal will be Type II
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Portland cement or American Petroleum Institute Class A cement with no more than
4 percent bentorute. The grout will be rruxed m the following proportions: 94 lbs. of neat
cement, not more than 4 lbs. of 100 percent sodium bentomte powder, and not more than
8 gallons of potable water. The grout wdl have a mixed minimum specific density of 9.4
pounds per gallon (lb/gal) or the manufacturer’s recommended density. A mud balance
will be used to ensure the density of the mixture conforms to the manufacturer’s standards.
Prior to installahon of the well complehons, the boreholes will be topped off with grout to
approximately 1 to 2 feet bgs.

Surface Completion Requirements

Wells will be set as flush-mounted completions. The casing will be cut approximately 3
inches bgs and a waterhght casing cap will be placed on the well. A small diameter (e.g.,
1/4-inch) vent hole will be placed in the upper portion of the casing, or a ventdated well cap
will be used. A small notch will be cut m the top of the casing to be used as a measuring
point for water levels

A freely draining 10-inch tuner dmmeter manhole cover with a locking lid wdl be placed
over the casing. The top of the casing wdl be at least 6 inches above the bottom of the box.
The manhole will be centered in a 3-foot diameter, 4-inch thick concrete pad that slopes
away from the manhole at I/4-inch per foot. The identity of the well will be permanently
marked on the concrete pad Where heavy traffic may pass over the well or for other
reasons, the concrete pad and valve box/hd assembly will be constructed to meet the
strength requirements of surrounding surfaces.

When a well is not installed m a concrete or asphalt drive or parking area, four 3-inch
diameter concrete-fdled steel guard posts will be installed. The guard posts wdl be 5 feet in
total length and installed at the corners of the well pad. The guard posts must be recessed
approximately 2 feet into the ground and set m concrete. Do not install the guard posts in
the concrete pad placed at the well base The protect|ve sleeve and guard posts will be
painted a high visibility yellow.

Wells will be secured as soon as possible after drilling with corrosion resistant locks. The
locks must either have identical keys or be keyed for opening with one master key.

A well completion diagram will be submatted for each monltormg well or injection point
installed. It will include the following information.

¯ Well ldentificatmn (ttus will be identical to the boring identification descnbed)

¯ Drdling method

¯ Installation date(s)

¯ Elevations of ground surface and the measuring point notch

¯ Total bonng depth

¯ Lengths and descriptions of the screen and casing

¯ Lengths and descriptions of the filter pack, bentonite seal, casing grout, and any back-
filled material
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¯ Elevation of water surface before and immediately after development

¯ Summary of the material penetrated by the boring

The locations and elevations of the monitoring and injection wells will be surveyed by a
licensed surveyor upon completion.

Monitoring Well Development
The wells will be developed with a surge block in conjunction with a pump and or bailers.
No air, detergents, soaps, acids, bleaches, or additives will be used during well
development Well development will be initiated no sooner than 24 hours following grout
installation.

Development will continue until clear, sediment free formation water is produced from the
well and until pH, conductivity, turbidity, and temperature measurements have stabilized.
Stabilization is defined by the pH is within + or - 0.1, the conductivity is + or - 3 %, and the
turbidity remains less than 10 NTUs for at least 30 minutes. Parameter measurement and
development data will be documented.

Equipment Decontamination Procedures
All downhole drilling equipment as well as other equipment will be decontaminated
according to procedures presented m Appendix B of the EISOPQAM. Decontamination of
the drill rig, rotasonlc dnlhng equipment, pipes, bits, tools, and all downhole equ|pment
will be conducted between each well installation. Decontamination of development
equipment will be performed between each well developed. Decontarmnation will consist
of the following:

¯ High pressure, low volume steam-cleaning
¯ Wash and scrub with non-phosphate detergent (Llqumox) and potable water
¯ Rinse with tap water
¯ Rinse with deionized (or analyte free) water
¯ Rinse with laboratory grade lsopropyl alcohol (PVC or plastic material will not be rinsed

with solvent)
¯ Rmsewlth organic freewater
¯ Air dry to the extent practical
¯ Wrap in plastic sheeting or aluminum foil

Decontamination activities will be conducted on a concrete decontamination pad at the site.

Standard procedures for field equipment are described below.

Well Sounders and Groundwater Measurement Tapes: Decontaminatlon procedures for

Teflon TM, PVC, stainless-steel, and glass tubing used for groundwater sampling are hsted
below

¯ Wash with laboratory detergent and tap water.

¯ Rinse with tapwater.

¯ Rinse with analyte-free (deionlzed) water.

C’~WP FOLDER’~’~N IT(~ WIE~.L INSTALL MEMO D~C 7 REV-O0
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¯ Wrap equipment m aluminum foil.

Field Parameter Measurement Probes: Field parameter measurement probes, (e.g., pH or
specific ion electrodes, geophysical probes, or thermometers) that come in direct contact
with the sample will be decontanunated using the procedures listed below, unless
manufacturer’s instTuchons indicate otherwise. Probes that make no direct contact (e.g.,
OVA equipment) will be wiped with clean paper towels.

¯ Rinsewlth tap water.

¯ Rinse with analyte-free (delonized) water.

¯ Solvent rinse if obvious contamination remains after rinsing and if solvent will not
damage probe.

¯ Rinse with analyte-free (delomzed) water.

Sampling Equipment for Organic and Metal Analysis: Teflon"a’~, stalrdess-steel, glass, or
metal sampling equipment used to collect samples for orgaruc and metal analysis will be
cleaned between sample locations as hsted below

¯ Wash and scrub equipment thoroughly with laboratory detergent and tap water.

¯ Rinse thoroughly with tap water.

¯ Rinse thoroughly with delonized, analyte-free water.

¯ Rinse with solvent (pestlcide-grade isopropanol). Note: Do not rinse PVC or plastic
materials with solvent.

¯ Rinse with organic-free water and allow to air dry as long as possible.

¯ Wrap with aluminum foil to prevent contamination.

Investigation-Derived Waste (IDW)
All soil cuttings will be placed in roll-off boxes located in a central staging area at the site.
Soft cuttings may be temporarily staged at drill locahon on and covered by plastic sheeting,
prior to placement in roll-off boxes. Drilling flulds, development water, and wastewater
from equipment decontam|nat|on produced during the drilling operation will be
container|zed in 55-gallon drums approved by Department of Transportation (DOT)
(supplied by the Subcontractor). The drums will permanently marked with a weatherproof
label, signifying the date, site number, and well number. Drums will be staged at a central
location at the slte

Representative samples of the IDW will be collected for chemical characterizahon by the
FTL for off-site disposal. Once analytical results of the IDW are available, the IDW will be
disposed of off-site in accordance with federal, state, and local regulations. The IDW will be
removed from the site within 60 days following of the receipt of analytical results.

C~’~ FOLD~TOR WELL INSTALL MEMO OOC 8 REV-00
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Logistics
Equipment, supplies, and personnel required to complete the monitoring well installation
effort at the Site will mobilize after approval of the RD workplan and the EBT Treatablhty
Study Workplan. The Hazardous and Toxic Waste Health and Safety Plan (CH2M HILL,
August 1995) for Memphis Depot will be amended prior to the start of field activities.
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Appendix C - August 1995 Final Generic
Quality Assurance Project Plan (amended)



ADDENDUM SA.03 CH2MHILL

Standard Operating Procedures (SOPs) Adopted Since
the Completion of the August 1995 Generic Quality
Assurance Project Plan (QAPP), Memphis Depot
PREPARED FOR:

PREPARED BY:

DA"~.:

QAPP (1995)

Bryan Burkingstock/ATL

February 15, 2002

Since the inception of the 1995 QAPP, new protocols have been accepted by Bcr members
for vanous Memph*s Depot field activities. SOPs located in the following slte-specdic plans
should be used for further reference on applicable methods and procedures:

¯ Operable Units 2, 3, and 4 and Screening Sites: Field Sampling Plan ,4dd,,nda (CH2M HILL,
September 1998)

¯ Sampling and Analysis Plan for Evaluation ofBiodegradation of VOCs in Groundwater at the
Memphis Depot (CH2M HILL, March 13, 2000)

¯ Data Collection Plan for Long-Terra Operational Areas (LTOAs), Main Installation, Memphis
Depot (CH2M HILL, June 5, 2001)

¯ Well Construction and Sampling Techmquesfor Long-Term Operational Area (LTOA)
Momtoring Wells Associated with SS42/SS43, NE6 (Building T702), and SS80 (CH2M HILL,
September 5, 2001)

SOPs included as an Addendum to the 1995 QAPP include:

1) Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures (Puls and Barcelona,
1996)

2) User’s Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile
Organic Compound Concentration m Wells (USGS 2001)

3) Standard Operating Procedure for Sod Headspace Field Screening Using an OVA/FID at
Dunn Field (CH2M HILL, May 5, 2000)

4) Standard Operating Procedure for Collecting Soil Samples for Volatile Organic Compounds
(VOCs) (CH2M HILL, August 16, 2001)

5) Standard Operating Procedure for Collecting Soil Samples for Volatile Organic Compounds
(CH2M HILL, May 5, 2000)

6) Standard Operating Procedure for QEEM9 Bladder Pumps (CH2M HILL, March 10, 2000)

7) Standard Operating Procedure for Sudan IV Dye Testing (CH2M HILL, May 5, 2000)
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 EPA Ground Water Issue

LOW-FLOW (MINIMAL DRAWDOWN)
GROUND-WATER SAMPLING PROCEDURES

by Robert W. Puls’ and Michael J. Barcelona~

Background

The Regm.nal Superfund Ground Water Forum ~s a
group of ground-water aclenhsts, representing EPA’s
Regional Supedund Offmes, organized to exchange
information related to ground-water reme~JatK)n at Supedund
sales One of the major concerns of the FonJm ~s the
samphng of ground water to support site assessment and
remadml performance mon~tonng objectwes This paper is
intended to provide background mformabon on the
development of k~w-flow samphng procedures and ds
applmatK~ under a vanoty of hydrogeolog~c sett=ngs. It is
hoped that the paper will supped the productm,n of standard
operating procedures for use by EPA Regional personnel and
other environmental professionals engaged in ground-water
samphng

For fudher information contact: Robert Pule, 405-438-8543,
Subsurface Remediahon and Protection Owtss~n, NRMRL,
Ada, Oktahoma.

I. Introduction

The methods and objectives of ground-water
samphng to assess water qualdy have evolved over tm~e.
thrtLally the emphasis was on the assessment of water quahty
el aquifers as sources of dr,nk~ng water Large waterobeanng

units were identified and sampled tn keeping with that
oblectrve. These were highly p¢oductlve aquifers that
supplied odnkmg water wa private wells o~ thro~ pubic
water supply systems. Gradually, w~th the .-,cress~ng aware-
hess of subsurface pollution of these water resources, the
understanding of con~oiox hydrogecchem¢sJ processes
which govern the fate and transport of contan’unanta in the
subsurface i~ereased Thin increase in understand~eg was
also due to advances in a number of sc~entlhc d~SClplines and
Improvemerfls in tools used for site characterization and
ground-water sampling. Ground-water qualrty inves~gat~s
where polLut~n was detected imbally borrowed ideas,
methods, and materials for s~to characterization from the
water supply tield and water analysis from pobl¢ health
practmes. This included the materials and manl~r in whch
manltonng we~ls were installed end the way in which water
was brought to the surface, treated, presslved and analyzed.
The prevmhng conceptual ideas included convenient generah-
zatlons o( gn:xm~water resources in term6 o( large and
relatively homogeneous hyd~4oglc un#s. WLth time it became
apparent that convent=onal water supp~ generalizabona el
ho~ dld not adequately represent field data regard-
ing pollution o4 these subsurface resources. The important
role of heterogeneltybocarr~ increasmg/~ clear not only in
geok~c terms, but also =n terms of o0mplex phys¢cel,

,N.-t~on~l Riga Management .’qtM~rch Labonlfo~,, U.S. EPA
~Unh, en~ey o( Michigan

Superfund Technology Support Center for
Ground Water

National Risk Management Research Laboratory
Subsurface Protection and Remedlation Division
Robert S. Kerr Envh’onmental Research Center
Ads, Oklahoma



chemical and biologcal subsurface processes WLth greater
8ppre~clatKm of the role of heferoger~ell~j, d ID~carr~ ewdent
that subsudace pollution was ubiquitous and encompassed
the unsafurated zone to the deep subsudaca and included
urconsohdafed sediments, fractured rock, and aqu~tatds or
low.y~eldmg or impermeable formabons. Small-scale pro-
ceases and heterogenelf~as were shown to be ~mporfant in
idanhfylng contan~nant d~stnbotlons and in controlling wafer
and contamtnant flow paths

It is beyond the scope of th=s paper fo sumrnanze all
the advances in the field of greund-water quality invest~ga-
lions and remedhabon, but two particular issues have bearing
on ground-water sampling today, aqurfer heteregenelty end
cotlotdal transport Aquifer heterogenedles affect contamLnant
flow paths and include vanatlons in geology, geuchernlstry.
hydrology and rmeroblology. As methods and the tools
available for subsurface investigations have become increas-
ingly soph=stlcated and understanding of the aubsudace
environment has advanced, there is an awareness that in
most cases a pnmar./concern for sda mvashgabons =5
charactenzahon of contarr’=nant flow paths rather then anhre
aquifers. In fact. ]n many cases, plume thickness can be less
than well screen lengths (e.g. 3-6 m) ~pically installed 
hazardous waste =tea to detect and monitor idume movement
over ttm~ Smell-scale differences have Ircreas~ngry been
shown to be impodant and there =s a general trend toward
smaller diameter wells and shoder screens.

The hydrogeochem~cal slg.mficance of colloidal-size
particles in subsudece systems has been reahzed dunng the
past several years (Gschwend and Reyn~ds. 1987; McCarthy
and Zachara, 1989: Puls, 1990: Ryan and Gschwend. 1g90).
Th~ reahzabon resulted from both field and laboratory studies
that showed faster contaminant migration over greater
d~sterces and af Ngher concentrations than flow and trans-
port model predictions would suggest (Buddem, e~er end Hunt,
1988; Entleld and Bengtsson, 1988, Penrese et st., 1990)
Such models typically account for interaction between the
rnob~le aqueous and immobile solid phases, but do not allow
for a mo~de, reachve SelKJ phase. It is recogn~tron of fhis tl’=rd
phase as a poss=ble means of contaminant transport that has
brought =ncreas~ng atfanhon to the manner ~n whmh samples
are collected and processed for analysis (Puls et el., 19<30,
McCarthy and Degualdre, 1993; Backhua et el, 1993, U. S
EPA. 1995), If such a phase is present in suff¢lent mass,
possesses h~gh sorptlon reactr~qty, largo surface area, and
remains stable m suspension, d can serve as an important
mechan=sm to lac~htate contaminant transport =n many types
of subsurface systems.

Coflo,,ds are part¢les that are suff=ctantry smell so
that the surface free energy of the parftcle detonates the bulk
free energy. Typlcalty, Cn ground water, this mdu(les part~clas
with diamefers between 1 and 1000 nm The most commonly
observed mo~le part¢les include secondary clay m~nerals;
hydrous =ton, aturetnum, and manganese ox=dee: dissorve(I
and part~culste or~3nIc matanals, and wruses and bactana.

These reactrve part¢les have bean shown to be mobile under
a vanety of conditions m both fmld studies and laboratory
column expenments, and as such need fo he included in
mondonng programs where xte~hfcahon of the total mobile
contar~nant loading (dissolved + naturally suspended
part¢les) at a sde ~s an oblactwe. To that end, sampling
methodo4og~as must he used whch do not a~flctally b~as
naturally suspended particle concentrat=ons

Currently the most common ground-water purging
and sainting mefhodology is lo purge a wall using ba=isrs or
h~h speed pumps to remove 3 to 5 casing volumes t(dlowed
by sample collection. This method can cause adverse ~T~pacta
on sample qustdy through collection of samples wdh h~gh
levels Of tud)ldity. This results in the inclus~on of otherv, qse
immob=le artifactual pazticles which produce an overestima-
tion of carta~n analytes of interest (e ¢. metals or hydropho0 c
organic compounds). Numerous documented problems
ss.soolated w=th flhretmn (Dan~elssen, 1982; Laxen and
Chandler, 1982; Horo~tz et al., 1992) make this an undss~r-
able method of rectifying the turbtddy problem, and include
the removal of potentially mobile (contam~nant-asao~ated)
parf~ss dudng fdtraflon, thus a~t~f~,ally b;esing contam~nent
concentrations low. Sampling-lndused tud:~ddy problems can
often be mdigafed by using low*flow purging and sernpl~ng
techniques

Current sui~urface conceptual models have under-
gone considerable refinement due to the recent development
and =rcrsased use o! fielo scresnmg tools. So-called
hydrauhc push facl~ologles (e.g., cone penet~ometer,
Geopro@e~. QED HydrePuncr~) enable relatively fast
scresnlng site charactenzat~on which can then be used to
design and )estalla monitoring wall network. Indeed,
altematrves to convenPonal mondonng wells are now being
considered for some hydrogeoldg~c settzngs. The ultimate
design of any n’x)ndonng system should however be based
upon adequafe site charaoterfzatJon and be consistent wdh
estabI~d monitonng objectrvas.

If the sampling program objectives Include acourata
assessment of the magnitude end extant of subsurface
contamlnabon over brae and/or accurate ~ssment of
subsequent remedml pedormance, then some informahon
regarding plume behneabo~ in thrsa-dlmenslenal space la
necessary pnor to monitoring well network des=gn and
installat~)n. Th~s can be accorn~shsd w~th a vanet~ of
d0fferent tools and equipment ranging from hand-operated
augers to screening tools mentioned above end large ddlJing
ngs. Detailed Intormatlon on gro~Jnd-wator flow veloc=ty,
direction, and horizontal and vertK:al vadablldy are essential
basehne dma requirements Detailed sod and geofng~c dala
are raqulred pnoi’ to and dunng the installahon of sampling
points Tl~s =ncludea h~stoncal as well as dataded sod and
geologic logs which accumulate dunng the s~te =nveshgatK~n.
The use of borehofe geophyscal tech~Clues =s also recom-
mended Wdh th~s informahon (together wdh other s~te
charactenzahon data) and a clear understanding of sarn~m{;



ot~ect~ves, then apprppnate location, screen length, well
d~ametar, slot s~ze. etc. for the monltonng well network can be
decided. This is aspec~ally cntc, ai for new in sdu remedial
approaches or natural attenuation assessments at hazardous
waste sites.

in general, the overall goal o( any groutS-water
samphng program is to collect water sarn~s wzth no alter-
arran Jn water chemistry; analytical data thus obtained may be
used for a vanety of specific rnonitonng programs dependmO
on the regulatory requ=rements The sampling methodology
descnbe~ in tt’da paper assumes that the men=taring goal =s to
semple men=toting we[Is for the presence of coNamlnanta and
rt ~s applw, al~e whether mobde colloids are a con<~m or not
and whether the anelytes ot concern are metals (and metal-
loids) or organ¢ coropour~s.

IL Monitoring Objectives and Design
Considerations

The foitOWlng issues aXlB iKdoortallt to consider prior
to the design and implamentat~o~ ot any ground*water
monitoring program, including those which antcJpate using
low-flow purging and sampling procedures.

A. Data Quality Objectives (DQOs)

Monitoring oblectlvas include four main typos’
detection, assessment, correctiwPact=on eveluabon and
resource evaluatton, along wdh hyb~d vanalions such as rote.
¢s.sessments for property Iransters and water avoJlabdJty
investigations Mondonng objectives may change as contan~-
nation or water quality probiem~ are discovered. However,
there are a number of convr~n ~ts c4 mandating
programs whmh should be recognized as irnpodant regard-
ISSS of innial objectNas. These comporlents include.

1) Development of a conceptual model that inoorpo~ratas
elements of the regional geology to the local geologic
Iramewodc The cormeptual model development also
includes initial Site charectenzatmn efforts to lde~lty
hydrostratlgraphlc units and likely flow-paths using a
r~nlmum nor’nber of bodngs and well completions.

2) Cost-eftectlve and well documented collecbon of h~h
quabty data utilizing s~mple, accurate, and reprodu<:-
d01e technzquas; and

3) Rehnemant of the cc¢:ceptual model based on
supplementary data collection and anatyszs.

These fundamental components serve many types o4 ~of
ing programs and prowde a basis tar future efforts that evolve
In complexity and level of spatial detail as purposes and
objectives expand. High quahty, reprorfuclble data collection
Ls a common goal regardless o~ program oblectwes.

Hzgh guahty data colldctzon implies data of sufl~ent
accuracy, precision, and completeness 0.e., rat=o of valid
analytical results to the m~n=mum sample number called lot by
the program design) tO meet the program ot~tivas. Accu-
racy depends on the correct chaos of monitoring tools and
procedures to minimize sample and subsurface disturbance
from coltectlon to analysis Precision depends on the
repeatabd=ty ot sampling and analylmal protocols. It can be
assured or ~proved by replication of sample analyses
including blanks, helQ,qab standards and reference standards

B. Sampls Repreeentativeness

An ~mportant goal ot any mondonng program is
co~lecben of data that is Iruly representatLve of conditions at
the sde. The term tepresentatrveneas applies to chemcai and
hydrogeotog~c dala collected wa wells, borings, piezometers,
geophyscal and soil gas measurements, lys~maters, and
temporary samp~ poTnld. It invotves a re~grut~zl of the
statJshcal vanablhty of indn,’ldual subsurface pllysical proper.
ties, and contam=nent or major ion concantraflon levels, wtale
expisir~g extreme values. Subsurface temporal and spat~aJ
vadabady are fanls. Good protass~onal practce seeks to
max=m~ze representat=veness by using proven accurate and
reproduclble techniques to define Dmrts on the d~sthbution of
measurements co0ected at a sde. However, measures of
rapreser~tatxvenes~ are dynan~c and are controfled by
evolvzog s~te characterization and rnonitonng objecUves. An
evolut~naty sde Cha~terlzation model, as el.,ow~ kn Fig-
ure 1, provides a systemat¢ approectz to the goal of cor~s-
tent data colle~bon.

I m ~ .~ ~

W

Rgure t. E~ofuUonanf Site Charactenza~ Mode~

The model emphasize5 a recogr~bon of the causes of the
variability (e.g, use of ,nappropnate tochnoldgy such as usa~g
ba~ar~ to purge wells; imprec~sa or operator-dependent
matho(ls) and the need to contrc4 avoidable errors.
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1) Questions of Scale

A sampling plan assigned to celloct representatwe
samples must take into account the potential scale of
changes in sJts condmons through space and hme as well as
the chemical associations and behavior of the parameters
that are targeted for mvestlgahon. In subsurface systems,
physcal 0.e, aquifer) and chemcal propertces over time or
space are not statlstzcally independent. In fact, samples
taken in close proxln’dty (i e. within dkstsncee of a few maters)
or within stmrt brae panods (i e, mum frequently than
monthly) are highly auto-con’elatsd. Thks means that dsszgns
employing high-sampling frequency (a g, monthly) or dense
spabal mendonng das~ns run the nsk of redundant data
coltactlon and ndsAeading inferances regarding trends m
vatues that aren’t stat=stcally valid. In practce, contaminant
detect=on and assessment mandating programs rarely suffer
these over-samphng concerns, tn corractlve.aot~n evaluatiou
programs, it is also possible that too httle data may be
collected over space or brae. In these cases, false interpreta-
tion of the spatial extent of contamlnatmn or underest~mabon
of lenxoo~al concentration vsnabihty may result.

2) Target Parameters

Parameter selactlon in mo~tonng program design is
most often dc--tsted by the regulatoP/status of the sde.
However. backgro~Jnd water qualdy consbtuents, purging
indicator parameters, and contarrdnants, all represent targets
for data collactmn programs. The tools and procedures used
in these programs should be equally dgorous and applicable
to all categorms of data, since all may be needed to deter-
m=ne or support regulator’/act=on.

C. Sampling Point Design and Construction

Detailed sLte charaotenzatton is central to at~
decision-making purposes and the basis tar this chereotenza-
tlon res~dae in =dentlficatlon of the ge~og~ framewod~ ana
major hydro-stretzgraphtc units. Fundamental data for samp4e
po~nt location Include: ~Jbsurface Idhotogy, head-differences
end background geochemical condd~ons. Each sampling po~nt
has a proper use or uses wi~ch sbe~JId be documented at a
level wtlich LS appropriate tar the program’s data qcali~
O01actzves. Ind=v~duat samPleS points may not always be
able to |utfdl multiple monLtodng objectives (e g, detscuon,
assessment, correcbve achon).

1) Compatibility with Mondonng Program and Data
Qualdy ObJeCtives

SpecJhcs of semphng point location and design wdl
be dctated by the complexity of subsudace Ldhology arxt
varlabibty In contaminant and/or geochen’~cal condJtmns, it
should be noted that. regarotess of the greund-wster sarn-
phng approach, few samphng points (e.g., wells, dnve-po~nts.
screened augers) have zones of influence =n excess of a few

feet Theretore, the spatial frequency of samphng points
sh~JId be carefully selected an~ des=gnarl

2) Flexil~hty of Sampling Point Design

In most cases well-pomtdzameters in excess of 1 7/3
inches will pern~t the use of most types of submersible
pumping devces for low-flow (n~n~mal drawdown) sempflng.
It =s suggested that short (e g, loss than 1 6 m) screens 
incorporated into the monitoring design where poss~le so
that comparable results from one device to another might be
expected. Short, of ceuree, m re~bve to the degree of vertical
water quality vanablhly expected at a site

3) Equlhbrahon of SampLing Point

Time should be allowed tar edudibretlon of the welt
or sar’nphng point wtth the formation after installatK>n. Place-
merit ¢4 wea or semphng points in the su’osudace produces
some disturbance of ambient condmons. Dnthng techn~ues
(e.g.. auger, rotary, etc.) are generally considered to cause
more d~stud3ance than direct-push tachnelogkss. In either
case, there may be a peded (i.e., days to months) dunng
which water quahty near the point may be d.Lshnctly ddferant
frown that in the formation. Proper development of the sam-
piing point and ad}acent formation to re.nays fines created
dudng emplacement will shodan this water quality recovery
panod.

III. DeflnlUon of Low-Flow Purging and Sampling

it ks generally accepted that water in the walJ Css~r~I
is non-representatrve of the formation water and needs to I~,
purged pnor to coHachon of gm4Jnd-watar samples However.
the water in the screened interval may indeed be represents-
tJve of the forrtn, atlon, depending upon well consttucbon 8nd
sale hyd~ogeology. Wells are purged to some extent for the
foflewtng reasces: the presence of the air interface at the tel)
of the water Column resuihng ~n an oxygen cot~entrat~on
gredtsnt w=th ~epth. loss of volatdea up the water column.
leaching from or sorption to the casing or fdler pack, chemical
changes due to clay seals or backfill, and surface InfgtretJon

Low-flow purglog, whether ~ podable or dedi-
cated systems, should he done using pump-mtske k~.ated .I
the n~ddle or slightly above the miG~:lle of the screened
interval Placement of the pump too closa to the bottom of t’~e
Well will Ceu~B Ixx::rease¢l entrainment of sel~ wl~ch have
ccllected in the wall ovar time. These pad,cles are present as
a resull of well devalopment, pnor purging and sampling
events, and natural COlloK:ial transport and dapo~t~on.
Therefore, placen’~nt of the pump in the rnK~e or toward the
top of the screened interval =s suggested. Placement of the
pump at the top of the water cotumn for samphog is only
recon’vnended in uncontlned aquders, screened across the
water table, where this is the desired samphng point. Low-
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flow purg=ng has the advantage of rnzrwl~zlng rnlx=ng between
the overlying stagnant casing water ancl water wdtan the
screened interval.

A. Low-Flow Purging and Sampling

Low-flow refers to the velocdy w~th which water
enters the pump =ntake and that is impaded to the forrnat~n
pore water m the cnmed,,ate vclnzty of tr~ well screen. It
does not necessanly refer to the Ilow rate nt water discharged
at the sudace whch can be affected by flow regulators or
restncbons. Water leval drawdown prov~kss the best ind=ca-
ben of the stress imparted by a grven flow-rata for a grvan
hydrologcal s=tuahon The of~jectrve =s to pump =n a manner
It~t mm=n’zzas stress (drawdown) Is the system to the extent
prantcal takJng rote aceeunt estabhshed slta sern~=ng
o~lectwes. Typcally, flow rates on the order of 0.1 - O 5 L/r~n
are used, however thls is dependent on s=te-spec~fic
hydrogeology. Some extremaly coame-taxtured formabona
have been successfully sempled m th=s manner at flow rates
to 1 L/ram The effectweness of using low-flow purgc~g ts
intimately linked wdh proper screen location, screen length,
and well consmJchon and development technKNes The
reestabhshmant of natural flow paths in both the vedcal and
horizontal dlractions is important for conract interpretahon el
the data. For I~gh resolubon sampling needs, screens less
than 1 m should be use¢l Most of the need for purging has
been fo~Jnd to be due to passing the sampling devce thro~;ih
the overfy=ng casino water whch causes muang of these
stagnant waters and the dynam¢ waters w~thin the screened
interval Adddzonaly, there zs d~lurbarce to suspended
sediment co~tactecl in the bottom of the caszng and the
dzsptacement of water (xJt Into the formation immed~ataly
adjacent to the well screen. These disturbances and Impacts
can be avoided us;rig dedicated samphng equipment, which
precludes the need to insert the sampling device plier to
purging and samphng

Isolabon of the screened interval water from the
overlying stagnant cas=ng water may be accomplished using
low-flow minimal drawdown techniques If the p~Jmp intake is
located wfthin the screened interval, most of the water
pumped wdl be drawn in d~ractly from the formatK)n w~th little
truxlng of ca=ng water or dmtud~ance to the sampling zone.
However, if the wells are not constructed and developed
properly, zones other than those mtanded may be sar~led
At so~e sites where geologic hcterogeneitles are suff~ently
ddfersnt v, qthm the screened interval, higher conducitvtty
zones may be prsferenbslly sampled. This =s another reason
to use shorter screened mtarvals, especially where high
spabal resolubon is a sarnollng olojectlve

B. Water Quaflty lndicator Perametara

it =s recommended that water quahty ~d~cator
parameters be used to detern~ine purging needs prK)t to
sample collectlott m each well. Stabdlzahon of parameters
such as pH, spoohc conductance, d=ssolved oxygen, ox=da-

tKx~-re~uct=on potenhal, temperature and turbzdzty should be
used to defern~na when format=on water Is accessed dunng
purg=ng. In general, the order of stabdLZabon Is pH, tempera-
ture, and specific conductance, followed by oxidation-
reducbon potant=al, dlSSofved oxygen and tudoidlty Tempera-
furs and pH, while commonly used as purg=ng =ndcatora, are
actually quite InsenaJttvs =n drstlngu=shing between formatJo~
water and stagnant casing water;, nevertheless, these are
=mponant parameters for data =nterpretatmn I:xJrposes and
should also be measured. Performance cntena for detarm~
nation of stabd=zahon should be based on water-level draw-
down, i:xJmping rate and equipment spec=hcationa for rneasur-
Ing indicator parameters. Instruments sra avmlable wh~h
ublizs in-~na Ilew cells to contmuees~ measurs the above
parameters.

It is =mportant to estsbl~sh specifK: wall stabd~zabon
cntena and then consistently follow Ihe same methods
thereafter, particularly w~th respect to d~awdewn, flow rate
and sampling device. Generally, the hme or purge volume
required for parameter stabilizahon ~s independent of well
depth or wall volumes. Dependent vedaolas sra well diam-
eter, ~mmpling devK~e, hydrogeochemistry, pump flow rate,
and whether the devices are used in a portable or ded=c.ated
manner. H the samphng dev~e is already in p~¢e (i.e.,
padcated samphng systems), then the bma and purge
volume needed Jar stabd~zation is n~ch shorter. Other
advantages of dedcated equ~:,ment tnctude less purge water
for waste drsposel, much less decontammalio~ of equipment,
less t=rne spent in preparation of semphng as well as time in
the fte4d, and more conskstency in ths sampling approach
wt~ch I~robably wql translate into less vanablldy in sampling
results. The use of dedK;.ated equkornent is strongly recom-
mended at wells whch v,ql undergo routine ssmplmg over
time.

If parameter stabilization criteria ars too stringent,
then minor osallatJona ~ iedcafor parameters may cause
purgb~g operabena to become unne(:essanly i~’ofracted. It
sho~d also be noted that tud)lddy is a very conservatrve
parameter in terms of stal~liza~on Turbk:lily is always the
last parameter to stabilize. E~ p~Jrge times are
~nvanab,ly related to the establtshn~nt of too stdnge~ tut’oidity
stabd~zat:on cntena. It r=~ould be noted that natural turbldRy
levels in ground water may exceed 10 nephalometdc tud~c~ty
unlfs (NTU).

C. Advantages end Dtaedvantagel of Low-Flow
(Minimum Drawdown) Purging

In general, the advantages of low-flow purg=ng
include:

¯ samples which are representatNe of the mobile load of
contarrunanta present (dissofveq and cello<l-associ-
ated);

¯ rrun,mal d=sturbance of the sampling pomf thereby
minimizing sampling artifacts;

¯ less operato~ vanabdtty, greater operator control;

5
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reduced stress on the formation (m~nlrnal drawdown);
tess mixing of stagnant cas=ng water With fonmatK)n
water,

¯ reduced need for hltration and, therefore, less t~me
required for samphng;

¯ smaller purging volume which decreases waste
disposal costs and samphng brne;

¯ better samp4e conskstency; reduced amflcial sample
vanabdlty.

Some disadvantages of lew-I~ow purging are
¯ higher znJtial capital costs,
¯ greater sat-up time In the field,
¯ need to transport ao~tm.nal eduipm~nt to and from the

site.
¯ ircrea.s~d trsl~ng needs,
¯ reskstance to change on the part of ~ng prscbtio-

n~rs,
¯ concern that new data will intimate a change ~n

conddions and tngger an action.

IV. Low-Flow (Minimal Omwdown) Sampling
Protocols

The follewmg ground-water sampling pr(x;edure has
evolved over many years Of expenence in ground-water
sampling for orgar~c and morgan¢ compound deterr~nabons
and as such summanzes the authors* (and others) experi-
ences to date (Barcelona el al. 1984, 1994; Barce~a and
Plelfrk~, 1986, Puls and Barcetona. 1989, Pu~s eL el. 1990,
1992, Pule and Powell. 1992; Puts end Paul. t995). Hig~-
qualzty chemical data collectJon is essential in ground-water
monitonng and she charactanzation. The pnreary lin~atJo~s
to the collecbon of representatrve ground-water samples
include’ mixing o~ the stagnant casing and leash screen
waters dunng insertion of the sampling device or ground-
water level measurement device: dkslu~oa~ce and
resuspension o4 settled soJ~ds at the boflom of the well when
using high pumpzng rates or ratszng and Iowenng a pump or
bmler; introduction of atmospheric gases or degass~ng from
the water (luring sarnlPfe handhng and transfer, or inappropni-
ate use of vacuum samphng devine, etc.

A. Sampling Recommendations

Water samples should not be taken immedzataly
following well development. Sufficient time should be allowed
for the ground-water flow rogrme Jrt the v)c~n~ty of the rnonJfor-
ing weft to stabdize and to approach cherncal eqUdlbrium with
the well construction matenals This lag hme wdl depend on
sdo conddzons and methods of installation but often exceeds
one week

Well purging ks ready always necessary to obtarn
samples of water flowrng through the geologic Iormabons in
the screened interval. Ralher than using a general but
arbitrary guldehne of purg=ng three casing volumes prior to

sampling, it is recommended that an in-line water quality
measurement devk:e (e g, flow-through cell) be used 
estabhsh the stabd~atlon tlme for several paran’~ters (e g 
pH, specific conductance, redox, d~ oxygen, turbldlty)
on a well-spec[fic bas~s. Data on pumping rate, drewdown,
and volume required for parameter stabdizat~on can be used
as a guide for co~ucbng subsequent samphng actPAt~ee.

The foflow~ng are rec~nmendabons to be ~Kle~d
before, during and after sampling

¯ use low-flow rates (<0.5 Un’dn), dunng both purgzng
and sampling to malntwn minimal drawdown in the
well,

¯ maximize tubing wall thickness, minimize tubing
length;

¯ place the sampling device intake at the dee~red
sen’Ohng point;
mlnimzze dJsturt)ances ot the stagnant water column
above the screened interval dunng water level
measurement and sampling devce ~r’kSerbon;

¯ make proper adlustments to stabdlze the flow rate as
soon as pos.~ble;

¯ mender water quality indicators dunng purging:
¯collsct unldtered samples t o eelzmete contaminant

reading and transport potenbal in the subsurface
system

B. Equipment Calibration

Pdor to sernp~ing, ell sampting device and monitoring
equipment should he calibrated according to manufacturer’s
rmndatlo~ end the sale Ouality Assurance Project Plain
(QAPP) and Fleld Samphng Plan (FSP). Calibration of 
shoutd be pedom~ed wdh at least two buffers which bracket
the expected ~. DLssofved oxygen calg3,rahon n’~st be
corrected for local barometric pressure readings and sieve,-
hen.

C. Water I.Bvel Measurament mnd Monltorlng

it Ls ~ that a devlce be used whKth wdl
least dzsturb the water surface in the casing Well depth
should be obtained from the well logs. Measunng to the
bottom of the well casing ~ only cause reSUSl0ens3on of
settled solids from the formabon and require longer purging
times for turbidity equdd3rahon. Measure well depth after
sampling is completed. The water level measurement shouhl
be taken from a permanent reference point wt’dch ks sun~eye:l
relatrve to ground elevation.

D. Pump

The use of low-flow (e.g., 0.1-0 5 tJmln) pumps 
suggested for purging and semphng all types of ana~es. All
pumps have some Hrnttatlon end these should be investigat(d
vofh respect to applcation at a particular sde Bailers are
inappropriate devices for low-flow sampling+

6



1) General Considerations

There are no u~usual requ~remants for ground-water
semphng de~nces when usmg low-flow, mlnanal drawdown
technlquas. The major concern ls that the de’,qce give
cor~stant results and mmlmal disturbance Of the sample
across a range of low flow rates (i o., < 0.5 Urn=n) Claady.
purring rates that cause rnmlmal to no drawdown rn one well
could eas41y cause signdcant drawdown in another weft
finmhed in a less transm4ss~ve format,on In the sense, the
pump should not cause undue pressure or temperature
changes or pl~yslcat d~sturbarce on the water sample over a
reasonable semphng range Consistency =n operation is
cntical to meet accuracy end precision goals.

2) Advantages and Disadvantages of Sampling Devces

A vanety of .sampling devices are avadabre for Iow-
Ilow (nnlnlrnst drawdown) purging and sampling and mctude
punstalhc pumps, bladder pumps, electhcal submersd~e
pumps, and gas-drrven I~JmpS. Dev,ces whmh lend them-
selves to both bedcat,on and consistent operatzon at defin-
able low-flow rates are preferred. 11 ,s desirable thai the pump
be easdy adjustable end operate relklbly at these lower flow
rates. The penstalt¢ pump is belted to shallow applmafto~
and can cause 0eoassing resufllng in efteratlon Of pH,
alkahnrty, and some vo~atiles loss. Gas-dnven pumps should
be Of a type that does not allow the gas to be in dlrecl contact
with the sampled fluid

Clearly, baders and other grab type s:am~ers are ill-
so=ted for low-flow sempi0ng smce they v,qll cause repeated
~sturbanca and mixing of stagnant water in the ca=ng and
the o~/nam/cwater in the soreenerl ,ntervel. SIn’zitarty, the use
of inartml Idt foot-valve type samplers may cause too much
dzsturbance at the pont of samphng Use of these devmes
also tends to introduce uncontrolle0 and unacceptable
operator vanablldy.

Sum, mades o~ a0ventages and disadvantages of
vanous sampling devces are listed in Herzog et al (1991),
U S EPA (1992), Parker (1994) and Thumbtad (1994)

E. Pump Installation

Dedicated sampling dewces (left in the well) capable
of pump,ng end sampling are preferred over any other type of
cievme. Any portable sampling de~nce should be slowly and
carefully lowered to the mk~le of the screeneO ,nterval or
slightly above the m~dle (e.g., 1-1.5 m below the top of a 3 
screen). ThJs =s to rnmzmnze excass=ve rn*x~ng of the stagnant
water in the casmg above the screen with the screened
interval zone water, and to m~lr~ze resuspens~n of sohds
whzch wi)l have colected at the bottom of the welt These two
disturbance affects have been shown to d~rectty affect the
tnma roquzred for purging There also appears to be a direct
correlatvc.n between s,ze of portable samphng devmes ralatwe
to the well bore and resulhng purge volumes and hmas. The
key is to mmm~ze dtsturbance of water and sohds m the weft
casing.

F.. Filtration

Dectslons to filter samples sho<JId be dictated by
sampling obJect~es rather than as a hx for poor sampling
practces, and field-filtering of cartaln conslduents shoukJ not
be the defaull Consideration should be ~ as to what the
appllcalton of f~Btd-liltratio~ is trymg to accow~lish For
assessment of truly dissolved (as opposed to operal,onalty
dtssoivedl, e., samples tdtered with 0 45 pm filters]) concen-
trations ot major Ions and trace metals, 0 1 pm filters are
recommeed~l although 0.45 um filters are normaity used for
most regu]atoPf prograrr~ AlkalJndy semplas must also be
fdtared ~ slgr~fcant parh~Jlata calcltrm carbonate is sus-
pectnd, smce e~s material is likely to impact alkalinity titration
results (although filtration ,leelt may alter the CO= conlpo~t0orl
of the sample and, therefore, affect the results).

Although hllratlon may be appropnata, flitratmn of a
sampts may cause a nomb~ of unintended changes to oo~r
(e.g ox~ation, eeratK)n) possibly leading to fdlral~o~lnduced
arbfacts dunng sample analys,s and uncertainty in the results.
Some Of these unintended changes may be unavoidable but
the factors leading to them must be recognized Deteterlo~
effects can be n’dmmized by con~stent application Of cetlam
ttltratld~ gulde~nes. Guidehnes should address selactioln ot
fdter type, media, pore size, e4c. in order to identity anO
~e polentlal sources o4 uncertainly when filtering
semp~

In-kne fuitration =s reco~ because at prowdes
better oor~stancy througtz lass sample hand~, and
mlnimzzes sample exposure to the ab’no~here. In-hne filters
are available in both disposable (barrel filters) and non-
dosposabla (on-~e filter holder, flat membrane tuiters) formats
and verla~ filter pore sizes (0 1~5.0 pm). Disposable loiter
certddges have the advantag~ Of greater s~zrrtent hand]ung
Capacity wherl compared to lraddlo~81 n’~mbrene filters.
Filters must he ~e-dnsed fctlov, nng manufactureds recom-
mendatnons. It there are no ~endatlons for rinsing,
pass through a mlmrntu~ of 1 L of ground water following
purging end pdor to sampling. O~e f,itrat~ has begun, a
filter cake mey develop as particles larger than the pore size
eccumu~te on the foiter n’~mbrana. The result is thet the
effective pore demeter of the membrane Is reduced and
particles smaller than the stated pore size are excluded from
the filtrate Poes(~le con’ectlve measures include prefiltedng
(with larger pore s~ze filters), rnmnm0zing pa~de loads 
begin wtth. and reducing sample votume

G. Monitoring of Water Level end Water Quality
Indicator Parameter=

Check water level penodcaity to mo~otor 0raw,own
,n the well as a gu,cie to flow rate adjustment. The goaJ is
rnmimal drawdown (<0.1 rn) dunog purging This goal may 
difficult to achieve under some c~rcumstances 0ue to gactogzc
hsterooeceutnes w~thln the screened onterval, aed may requnre
adjustment based on sHe-specific cond~t,ons and personal
experience. In-hna water quality inO~cator parameters should
be contrnuously monitored dunng purging The water quality



=ndlcator parameters monitored can include pH, redox
potential, conductMty, d~ssolved oxygen (DO) and turbidity
The last three parameters are often most san~utlve Pun’~ng
rate. drewdown, and the bmo or v~ume required to obtain
stabdlzat[on of parameter readings can be used as a luture
guide to purge the weJl Measurements should be taken
every three to five minutes if the above suggested rates are
used. Stablhzatron is achieved after all parameters have
stabdlzed for three successwe readings. In lieu of measunng
all five parameters, a rnmffnum subset would include pH,
conductivity, and turbidity or DO, Three successive readbnge
should be wTthrn ± 0.1 for pH, ± 3% for co~x~uctlwty, ± 10 my
for redox potential, and ± 10% for tud~Jdity and DO. Stablltzed
purge Indicator parerneter trends are generally obvious and
follow either an oxponanhal or asymptot=c change to stable
values dunng purgmg Dissolved oxygen and turbidity ususily
reouire the Iongost brae Ior stabilization. The above stabrilza-
t]on guidelines are pro~nded for rough esilmales base~ on
expenence.

Ho Sampling, Sample Containers, PreserYatlon end
Decontamination

Upon parameter stabdo.atton, samphng can be
inlt=ated If an In-hne devce =s used to rooster water quality
parametors, it should be disconnected or bypassed dunng
sampte collectmn. Samphng flow rate may remain at estab-
tlahed purge rate or may be adlusted slightly to m~nzmzzo
aeration, bubble formation, turbulent filling of sample bottles,
or loss of vblatiles duo to extended residence time in tubing
Typically. flow rales less than 0.5 L/nan are appropriate The
same device should be used for sampkng as was used for
purging. Samplmg should oucur in a I~ogresston from least to
most contaminated wag, if this is known Generally, vo4atde
(e.g., solvents and fuel conebtuents) and gas senMtve (e 
Fe=’, CH,, HzS/HS. alkstindy) parameters shou]d be sampled
first. The sequence in yduch samples for most inorganic
parameters are collected Is ~rnmatedst unless filtered (dis-
solved) samples are desired. Filrenng should be done last
and in-h~ hirers sho~Jld be used as d~soussed above. Dudng
both well purgzng and samphng, proper protective clothing
and equipment must be used based upon the type and lave4
of contan~nants present.

The appropriate sample container will be prepared in
advance of actual sample collachoR for the analyles of
interest and anclude sample proservatrve wt~ra necessary
Water samples should be cotlacted d~ractly =nto this container
from the pump ruling

Immedmtely alter a sample bottle has been filled, it
must be preserved as spacd~ed in the s~te (QAPP). Sample
preservation requirements are based on the analyses bemg
performed (use site QAPP. FSP, RCRA guldax"ce document
[U.S EPA, 1992] OrEPASW-846[U S EPA. 1982]). It
may be advisable to add prosorvafives 1o sample bottles ~n a
controlled settmg prior to antedng the field in order to reduce
lha chances of irrxoropedy preserwng sample bottles or

introducing held contam~ants into a sample bottle wblle
adding the presarvatrves.

The praservatNas sh~Jld be transferred from the
chemK:al bottle to the sample centamer using a disposable
polyethylone prpet and the dzsposable pipet should be used
only orce and then dLccarded.

After a sem~e container has been hiked wdh ground
water, a TeflonTM (or t~n)-hced cap is screwed oR bghtly 
prevent the c0~tatner from leaking. A sample label =s filled
out as specified in the FSP. The samples should be stored
~nverfed at 4~C.

Spacdic dacontammabon protocols for sampling
dewces are dependant to some extent on the type of devP..e
used and the type of contaminants encountered. Refer to the
site QAPP and FSP for speofic requirements

L Blanks

The follo~ng blanks should be collected

(1) held btanlc one held blank should be c.,oflected from
each source water (d~shlled/deK)n~zed water) used 
sampling equ~.omont dacontam~nation or for asstst=ng
well develogment procedures.

(2) equtpment blank: one equipment blank should 
taken prior to the commencement of fmid work, from
each set ot samphng equ=pment to be used for that
day. Refer to s=te QAPP or FSP for specific require-
ment$.

(3) tdp blank’ a tnp blank is required to accompany each
volahle samp/e stupment. These blanks are prepared
m the laboratory by filling a 40-mL volatde organic
analysis (’VOA) bottle with d~stilled/delOntZed water.

V. Low-Permeability Formations and Fractured
Rock

The overall samphng program goals or samphng
objactrves wdl dnve how the samphng posts are located,
installed, and choice o4 samphng day:ca LlkeWi~, 8~ta-
spec~ltc hydrogeologlc factors wll affect these doo~ons
Sdes wrih very low pen’neabddy formabons or fractures
causmg discreta flow ctmnnals may require a umque morutor-
ing approach Unhka water supply wefts, wells =nstalled for
greund-water qustdy assessment and restoration programs
are often installed In low water-yreld~ng sett)ngs (e.g., days,
slits). Altemahve types of samphng p~nts and sampling
methods are often needed In lhesa types of environments,
because Iow-permeablhty satt~ngs may require extremely Io~,,-
flow purging (<0 1 IJmm) and may be tachnology-hmlted.
Where dorcas are not readily available Io pump at such tow
flow rates, the pnmary cons~erat~on is to avc~d dewatanng of
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wall screen Th~s may requtre repeated recovery ol the
water dunng purging whde leavmg the pump in place within
the well screen

Use of low-flow techniques may be jmpractw.al in
these settings, depending upon the water recharge rates.
The sampler and the end-user of data collected from such
wetls need to understand the lir~tstzons of the data collected,
i o. a strong potential for underestjrnatlon of actual contarne
nant concentrations for volatile organms, pofanbal false
negatives for tittered metals and potential false posiitves for
unfiltered metals. It is suggested that compadsons be made
between samples recovered usrng low-flow purgtng tech-
ntques end samples recovered ustng passive sampling
techniques (i o.. bye sets of samples). Passwe sample
cogection would essent=alfy entail acqulSitK)n of the sample
with no or very little purging using a dedicated sampling
system Installed within the screened mterval or a pasawe
sample collection 0evico

A. Low-Permeability Formations (<0.1 L/mln
recharge)

1. Low-Row Purging and Samphng with Pumps

a. *portable or non-dedcated mode" - Lower the pump
(one capable of pumping at <0.1 L/ms) to tutti-screen
or s~tly above and set in place Ior rr~mmum of 48
ho~Jrs (to lessen purge volume requirements) Alter 
hours, use procedures hsfad in Part IV above regard-
ing monitoring water quahw parameters for stabitiza-
t~on, etc., but do not dawafar the screen. If excessive
drawOow~ and £Jow recovery is a problem, then
aitemafa approaches such aa those listed below may
be hotter.

b. "dedicated mode" - Set the pump as above at least a
week prior to semplJng; that is, operate in a dedmated
pump mode. Wdh this approach s~gnificant reductio~,s
in purge volume should he realized Water quality
parameters should stabilize quite rapidly due to less
disturbance of the semphng zone.

Passive samphng cogects>n requires insodion of the
devce into the screened mterval for a sufficmn~ time period to
allow flow and sample equlld)rehon before extraction lot"
analyses. Corceptually, the extraction of water from low
yielding formations seems more akin to the coltsction of water
from the unsaturated zone and pas~ve sampling techmques
may be more appropriate in terms of obtslnrng "representa-
tive" samples Satisfying usual sample volume requirements
is typically a problem w~th this approach and some letltude w~lJ
be needed on the part of regulatory enst~es to achieve
semphng oOjectwes

B. Fractured Rock

In trsctured rock formations, a Iow41ow to zero
purging approaoll usmg pumps In conlunchon wdh packers to
Jsofate the sampling zone in the borehole is suggested.
Passive multi-layer sampling da~nces may also Wovida the
most "represanfatwe" samples. It is imperative in these
suttmgs to identify flow paths or watsr-preducmg Irecturee
prior to sampling using tools such ss berehole flowmefare
and’or other geopt~s~ too~s.

After Klentilcation of watsr-beanng fractures, in.all
packet(s) and pump ~ for semple ~ using
low-flow samphng m "dedlcated mode* or use a passive
sampling dewce wtdch can Iso4ate the iben’~Ifled water-bearing
fractures.

~.Documen~Uon

The usual practices for documenting the sampling
event should be used for low-flow purging and sampling
lechn~ques. This should include, at a mlnim,Jm, thformatlon
on the conduct of purging operate,ha (flow-reta, drawdown.
water-quality parameter values, volumes extracted and times
for measurements), field instrument callbratK~ data, water
sempl~eg forms and cham of custody forms. See Figures 2
and 3 and "Ground Water Sampling Wod..s~op - A Workshop
Summary" (U. S EPA, 1995) for example forms and other
documentabon suggsstions and thfom~at=on. This klformation
coupled wdh laboratory analytical data and validation data are
needed to ludge the "useablhty" of the sampling data.

VII. Notice

The U S. Environmental Protection Agency through ifa Office
of Research and Development funded and senegal the
reseam...h described herein as port of ~ts In-house research
program and under Contract No. 68-C4-0031 to Dynamec
Corporation. It has been subjected to the Agencl(s peer and
ad~’anlstrative review end has been approved for pub~caiton
as an EPA document. Menl=on of trade names or con",’nercml
products does not constitute endorsen’~nt or recommenda-
tlon for use.
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Figure 2. Ground Water Sampling Log

Project Site Well No. Date

Well Depth Screen Length Well Diameter Casing ~tpe

Sampling Device Tubing type Water IJvel
Measuring Point Other Infor

Sampling Personnel

Time pH Tamp Cond. Ols.O2 Turb. [ ]Conc Notes

Type of Samples Collected

Information2 In = 617 mi/11, 4 In = 2470 ml/ft. Vol, = nPh, Volw... = 4/3n r"
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Figure 3. Ground Water Sampling Log (with automat,c data logging for most water quahty
parameters)

Project Slle Well No. Date

Well Depth Screen Length Well Diameter Casing Type

Sampling Device Tubing type Water Level

Measuring Point Other Infor

Sampling Personnel

TInl~ Pump Rate Turbidity Alkalinity [ ] Conc Notes

TyPe of Samldes Collected

Information: 2 In = 517 mUft, 4 In = 2470 mi/ft: Vol,.~ as n/*h, Vo4,~M as 4/3n r’

12
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User’s Guide for Polyethylene-Based Passive Diffusion
Bag Samplers to Obtain Volatile Organic Compound
Concentrations in Wells

Part 1: Deployment, Recovery, Data Interpretation, and
Quality Control and Assurance

By Don A. Vroblesky

EXECUTIVE SUMMARY

Water-filled passive diffusion bag (PDB) samplers
described in this report are suitable for obtaining con-
centrations of a variety of volatile orgamo compounds
(VOCs) in ground water at momtoring wells. The sug-
gested application of the method is for long-term more-
toting of VOCs in ground-water wells at well-
characterized sites

The effectiveness of the use of a single PDB
sampler m a well is dependent on the assumlmon that
there is honzontal flow through the well screen and
that the quality of the water is representative of the
ground water in the aquifer directly adjacent to the
screen. If there are vertical components of intra-
bore-hole flow. multiple intervals of the formation
contributing to flow, or varying concentrations of
VOCs vertically within the screened or open interval,
then a muluple dcployment of PDB samplers within a
well may he more appropnate for sampling the well.

A typical PDB sampler consists of a low-density
polyethylene (LDPE) lay-flat tube closed at both ends
and containing deionized water The sampler is posi-
uoned at the target honzon of the well by attachment to
a weighted hne or fixed pipe.

The amount of time that the sampler should be
left in the well pnor to recovery depends on the time
required by the PDB sampler to equihbrate with ambi-
ent water and the time required for the environmental
disturbance caused by sampler deployment to return to
ambient conditions. The rate that the water within the
PDB sampler equihbrates with ambient water depends
on multiple factors, including the type of compound
being sampled and the water temperature The
concentrations of benzene, cis-1,2-dichloroethene,

tctrachlorethene, trichlomethene, toluene, naphthalene,
1,2-dibromnethane, and total xylenes within the PDB
samplers equilibrated with the concentrations in an
aqueous mixture of those compounds surrounding
the samplers under laboratory conditions within
approximately 48 hours at 21 degrees Celsius ("C).
A subsequent laboratory study of mixed VOCs at 10 °C
showed that ten’achlorocthene and trichloroethene were
equilibrated by about 52 hours, but other compounds
required longer equilabration times. Chlorocthane.
cts- 1,2-dichlornethenc, tram- 1.2-.dichloroethene. and
l, l-dichloroethcne were not equilibrated at 52 hours,
b~t appeared to he equilibrated by the next samphng
point at 93 hours Vinyl chloride, l,l ,l-mchloroethane,
1.2-chcMoroethane, and l.l-chchlorocthane were not
equilibrated at 93 hours, but were equilibrated by the
next sampling point at 166 hours. Different equilibra-
tion times may exist for other compounds Differences
in equihbration times, if any. between single-solute or
mixed VOC solutions have not yet been thoroughly
examined

The samplers should be left in place long enough
for the well water, contaminant distribution, and flow
dynamics to restabdize following sampler deployment.
Laboratory and field data suggest that 2 weeks of eqmli-
branon probably is adequate for many applications;
therefore, a minimum equilibration time of 2 weeks is
suggested. In less permeable formations, longer equili-
bration times may he required. When applying PDB
samplers in waters colder than previously tested
(10 °C) or for compounds without sufficient corrobo-
rating data, a side-by-side comparison with conven-
tional methodology ns advisable rojustify the field
equihbraUon time.
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stated for pro’y~ct managers, technical personnel, and the
regulatory commumty Part 2 of this report presents case
studies of PDB sampler field applications.

INTRODUCTION

The use of PDB samplers for collecting ground-

water samples from wells offers a cost-effective
approach to long-term monitonng of VOCs at well-
characterized sites (Vroblesky and Hyde, 1997; Gcfen
and others, 1999). The effectiveness of the use of 
single PDB sampler in a well ts dependent on the
assumption that there is honzontal flow through the
well screen and that the quahty of the water is repre-
sentative of the ground water in tim aquifer directly
adjacent to the screen. If there are vertical components
of intra-borehole flow, multiple intervals of the forma-
uon contributing to flow, or varying concentrations of
VOCs vertically within the screened or open interval,
then deployment of multiple PDB samplers within a
well may be more appropriate for sampling the well

The samplers consist of deiomzed water
enclosed in a LDPE sleeve (fig. 1) and are deployed
adjacent to a target horizon within a screened or open
interval of a well. The suggested apphcafion is for
long-term monitoring of VOCs in ground-water wells.
Where the screened interval is greater than 10 feet (ft),
the potentsal for contammant stratificauon and/or intra-
borehole flow wtthm the screened interval is greater
than m screened intervals shorter than IO ft It is impor-
tam that the vertical dlsmbution of contaminants be
determined in wells having IO-R-Iong well scrnens,
and that both the verocal distribuuon of contaminants
and the potential for intra-borebole flow he deterauned
in wells having screens longer than 10 fl. For many
VOCs of environmental interest (table I), the VOC
concentration in water within the sampler approaches
the VOC concentration m water outside of the PDB
sampler over an equihbration period. The resulting
concentrations represent an integration of chemtcal
changes over the most recent part of the ¢qmlibration
period (approxnnately 48 Io 166 hours, depending on
the water temperature and the type of compound being
sampled). The approach is inexpensive and has the
potenual to eliminate or substantially reduce the
amount of purge water removed from the well.

A variety of PDB samplers have been uulized in
well apphcauons (fig. I). Although the samplers vary
in specific constrocUon details, a typical PDB sampler
consists of a 1- to 2-fi-long LDPE tube closed at both
ends and containing laboratory-grade deionized water
(fig. 1). The typical diameter for PDB samplers used 

a 2-inch--diameter well is approximately 1.2 inches;
however, othefdimensions may be used to match the
well dmmeter Equilibrauon umes may be longer for
larger diameter PDB samplers. On the outside of the

PDB sampler, a low-density polyethylene*mesh some-
tLmcs is used for protection against abrasion in open

boreholes and as a means of attachment at the pre-
scribed depth. The PDB sampler can he posRIoned at
the target horizon by attachment to a weighted line or
by attachment to a fixed pipe.

PDB samplers for use in wells are available
commerctally. Authorized distributors as of Match

2001 are Columbia Analytical Services (800--695-7222;
www@caslab.com) and F.on Products (800-.474-2490;
www.eonpro.com). A current list of vendors and
PDB-sampler construction details can be obtained
from the U.S. Geological Survey Technology Transfer
Enteq~rise Office, Mail Stop 21 I, National Center.
12201 Sunrise Valley D’nve, Reston, Virginia 20192
(telephone 703-648-4344; fax 703--648-4408). PDB
samplers employ patented technology (U.S. patent
number 5,804,743). and therefore, require that the user

purchase commercially produced samplers from a
hcensed manufacturer or purchase a noncxclusive
license for sampler construction from the U.S.
Geological Survey Technology Enterprise Office at
the above address.

The purposes of this document are to present
methods for PDB sampler deployment, and recovery;
to discuss approaches for determining the apphcability
of passive diffusion samplers; and to dtscuss various
factors influencing inteq~retaUon of the data. The
intended audience for the methodology sections of this
report is managers and field personnel involved in
using PDB samplers. The dtscusslon of PDB sampler
apphcabthty and roterpretat~on of the data is suited for

project managers, technical personnel, and the regula-
tory community. Part 2 of this report presents case
studies of PDB-sampler field applications.



Summary of Passive Diffusion Bag Sampler
Advantages and Limitations

Advantages

I. PDB samplers have the potential to eliminate
or substantially reduce the amount of purge water asso-
ciated with sampling

2. PDB samplers are inexpensive
3 The samplers are easy to deploy and recover.
4. Because PDB samplers are d~sposable, thane is no

downhole equipment to be decontaminated between wells.
5. A minimal amount of field equipment is required.
6. Sampler recovery is rapid. Because of the small

amount of time and equipment required for the
sampling event, the method is practical for use where
access is a problem or where discretion is desirable (that
is, residential communities, busmnss districts, or busy
streets where vehicle traffic control is a concern).

7. Muluple PDB samplers, distributed vertically
along the screened or open interval, may be used in
conjunction with borehole flow meter testing to gain
insight on the movement of contaminants into and out of
the well screen or open interval or to locate the zone of
hsghest concentration in the well. Analytical costs when
using multiple PDB samplers sometimes can he reduced
by selecting a hrmted number of the samplers for labora-
tory analysis based on screening by using field gas chro-
matography at the time of sample collection.

8. Because the pore size of LDPE Is only about
10 angstroms or less, sediment does not pass through
the membrane into the bag Thus, PDB samplers are not
subject to interferences from turbidity, In addition, none
of the data collected suggest that VOCs leach from the
LDPE material or that there Is a detrimental effect from
the PDB material on the VOC sample.

Llmltaffons

I. PDB samplers integrate concentrations over
time. This may be a hmltat~on if the goal of sampling Is
to collect a representative sample at a point in time in an
aqmfer where VOC-concentrauons substantially change
more rapidly than the samplers equilibrate, Laboratory
results obtained indicate that a variety of compounds
equshbrated within 48 hours at 21 °C (Vroblesky and
Campbell, 2001 ). Vinyl chloride, l,l,l-trichlomethane.
1,2-<lichlomethanc, and I ,I-dichlomethane may require
between 93 and 166 hours to eqmhbrate at l0 °C
(TM. Sivavec and S.S. Baghel, General Electric
Company. written commun., 2000), The imoal equih-
bration under field condiuons may be longer to allow

well water, contaminant chsmbution, and flow dynamics,
to restabdize following sampler dcploy ment.

2. Water-filled polyethylene PDB samplers are
not appropriate for all compounds. For example,
although methyl-ten-butyl ether and acetone
(Vroblesky. 2000; Paul Ham, General Electric
Company, oral commun., 2000) and most semivolatile
compounds are transmtrted through the polyethylene
bag, laboratory tests have shown that the resulting
concentrations were lower than in ambient water.
A variety of factors influence the ability of compouod~;
to diffuse through the polyethylene membrane. These
factors include the molecular size and shape and the
hydrophobic nature of the compound. Compounds
having a cross-sectional diameter of about 10
angstroms or larger (such as humic acids) do not pass
through the polyethylene because the largest (transient)
pores m polyethylene do not exceed about 10 angstroms
in diameter (F1ynn and Yalkowsky, 1972; Hwang and
Kammermeyer, 1975; Comyn, 1985). The samplers are
not appropriate for hydrophilic polar molecules, such as
inorganic ions. A detailed discussion of the relaUon
between hydrophobicity and compound transport
through polyethylene can be found in Gale (1998).
Unpubhshed laboraxory test ch!a (D.A. Vroblesky, U S.
Geological Survey, written common., 1998) of semi-
volattle compounds in contact with PDB samplers
showed a higher concentration of phthalates reside the
PDB sampler than outside the PDB sampler, suggesting
that the polyethylene may contribute phthalates to the
enclosed water. Thus, the samplers should not be used
to sample for phthalates.

3. PDB samplers rely on the free movement of
water through the well screen. In situations where
ground water flows horizontally through the well screen,
the VOC concentratmns in the open interval of the well
probably are representative of the aqmfer water m the
adjacent formatton (Gillham and others, 1985; Robin
and Gdlham, 1987; Kearl and others, 1992; Powell aml
Puls, 1993; Vroblesky and Hyde, 1997). In these situa-
t~ons, the VOC concentration of the water in contact
weth the PDB samplers, and therefore, the water wlthirl
the diffusion .samplers, probably represents local condi-
tions m the adjacent aquifer. However, if the well screen
is less permeable than the aquifer or the sandpack, then
under ambient conditions, flowlines may be diverted
around the screen. Such a situation may arise from inad-
equate well development or from iron bacterial fooling
of the well screen. In this case, the VOC concenUattons
m the PDB samplers may not represent concentralions in
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The following steps should be used for deploying
PDB samplers m wells:

I Measure the well depth and compare the
measured depth with the reported depth to the bottom
of the well screen from well-construction records. This
is to check on whether sediment has accumulated in the
bottom of the well, whether there ms a non.screened
sec’Zion of pipe (sediment sump) below the well screen.
and on the accuracy of well-construction records. If
there is an uncertainty regarding length or placement of
the well screen, then an independent method, such as
video imaging of the well bore, ts strongly suggested.

2. Attach a stainless-steel weight to the end of the
hne. Sufficient weight should be added to counterbal-
ance the buoyancy of the PDB samplers This is
pa~icularly important when mulople PDB samplers arc
deployed. One approach, discussed m the following
paragraphs, is to have the weight restmg on the bottom
of the well, with the line taut above the weight. Alterna-
tively, the PDB sampler and weigh! may be suspended
above the bottom, but cautton should be excrcise, d to
ensure that the sampler does no¢ shift Iocatlou. Such
shilling can result from su’ctehing or shppmg of the line
or. if multiple samplers are attached end-to-cnd rather
than to a weighted hne, stretching of the samplers.

3. Calculate the distance from the bottom of the
well, or top of the sedtment in the well, up to the point
where the PDB sampler is to be placed. A variety of
approaches can be used to attach the PDB sampler to
the weight or weighted line at the target horizon. The
field-tillable type of PDB sampler is equipped with a
hanger assembly and weight that can be slid over the
sampler body until it rests securely near the bottom of
the sampler When this approach is used wzth multiple
PDB samplers down the same horehole, the weight
should only be attached to the lowermost sampler.
An additional option is to use coated stainless-steel
wire as a weighted line, making loops at appropriate
points to attach the upper and lower ends of PDB
samplers. Where the PDB sampler position varies
between samphng events, movable clamps w~th nngs
can be used. When using rope as a weighted line, a
simple approach is to tie knots or attach clasps at the
appropriate depths. Nylon cable ties or stainless-steel
chps inserted through the knots can he used to attach
the PDB samplers. An approach using rope as a
weighted line wzth knots tied at the appropriate
sampler-attachment points is discussed below.

(a) For 5-fi’-Io~g or shorter well screens, the
center point of the PDB sampler should be the

vertical midpoint of the saturated well-screeo

length. For example, if the well screen is at a
depth of 55 to 60 fi below the top of casing, and
the measured depth of the well is 59 ft, then the

bottom of the well probably has filled with sedi-
raent. In this case, the midpoint of the sampler

between the auachment points on the line will be

midway between 55 and 59 ft, or at 57 ft. Thus,

for a 1.5-ft-long sampler, the attachment points

on a wetghted hne should be tied at distances of

I 25 ft (2 ft-0.75 fi) and 2.75 ft (2 ft + 0 75 
from the top of the sediment in the well, or the

bottom of the well, making adjustments for the

length of the attached weight. When the PDB

sampler is attached to the line and installed in the

well, the center of the sampler will be at 57-ft

depth. If, however, independent evidence is

available showing that the highest concentration

of cootaminants enters the well from a specific
zone within the screened interval, then the PDB

sampler should be posttioned at that interval.

03) ForS- to 10-h-long well screens, it is
advisable to utdize multiple PDB samplers verti-
cally along the lenglh of the well screen for at
least the initial sampling (fig. 2). The purposes 
the multiple PDB samplers are to determine
whctber contaminant straufication is present and
to locate the zone of highest concentration. The
n’udpomt of each sampler should be positioned at
the midpoint of the interval to be sampled. For
1.5-ft-long samplers, at each sampling depth in
the screened mterval, make two attachment
points on the weighted line at a distance of about
1.5 ft apart. The attachment points should be
positioned along the weighted line at a distance
from the bottom end of the weight such that the
midpoint between the knots will be at the desired
sampling depth along the well screen. Sampler
mtervals are variable, but a simple approach is to
use the top knot/loop of one sampler interval as
the bottom knot/loop for the overlying sampler
interval.
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5. Whcn using PDB samplers without the protec-
tive outer mesh, the holes punched at the ends of the
bag, outside the sealed portion, can be used to attach
the samplers to the welghtcd hne. Stainless-steel spring
clips have been found to be more reliable than cable

ties in this instance, but cable ties also work well.
6. Lower the weight and weighted line down the

well until the weight rests on the bottom of the well
and the hne above the welght is taut. The PDB
samplers should now be positioned at the expected
depth. A check on the depth can be done by placing a
knot or mark on the line at the contact distance from the
top knot/loop of the PDB sampler to the top of the well
casing and checking to make sure that the mark aligns
with the hp of the casing after deployment

7. Secure the assembly in this position. A sug-
gested method is to attach the weighted line to a hook
on the inside of the well cap. Reattach the well cap
The well should he sealed in such a way as to prevent
surface-water invasion. This ts pa.qicularly important
in flush-mounted well vaults that are prone to flooding

8. Allow the system to remain undtsturbod as the
PDB samplers equilibrate.

PASSIVE DIFFUSION BAG SAMPLER AND
SAMPLE RECOVERY

The amount of time that the samplers should be
left in the well pnor to recovery depends on the time
requtred by the PDB sampler to eqmhbrate with ambi-
ent water and the time required for envtronmental
distut’bances caused by sampler deployment to return to
ambmnt conditions. The rate that the water within the
PDB sampler equthbratas with ambient water depends
on multiple factors, including the type of compound
being sampled and the water temperature The conoen-
trauons of benzene, cts-1.2-dichloroethene (cDCE).
tetrachlorethene (PCE). tnchloroethen¢ (TCE). tolu-
ene. naphthalene. 1.2-dibromocthane (EDB). and total
xylenes within the PDB samplers equilibrated with the
concentrations m an aquex)us mixture of those
compounds surrounding the samplers under laboratory
conditions wtduu approximately 48 hours at 21 °C
(Vroblesky and Campbell. 2000. A subsequent labora-
tory study of mixed VOCs at I0 °C showed that PCE
and TCE were equthbrated by about 52 hours, but other
compounds required longer equilibration times (T M.
Sivavec and S S. Bagbel. General Electric Company.
written commun.. 2000). Chloroethane. cDCE. trans-
1.2-dichloroethene. and 1. l--dichloroethene were not

equilibrated at 52 hours, but appeared to be equilibrated
by the next sampling point at 93 hours. Vinyl chloride,
1,1, I-mchloroethane, 1,2-dichlomethane, and I, I -
dichloroethane were not equihbrated at 93 hours, but
were equthbrated by the next sampling point at 166
hours. Different equilibration times may exist for other
compounds. Differences in equilibration times, if any,
between single-solute or mixed-VOC soluttoos have
not yet been thoroughly examined.

Under field cunchdons, the samplers should be
left tn place long enough for the well water, contami-
nant distribution, and flow dynamics to restabthze fol-
lowing sampler deployment The results of borehole
dilution studies show that wells can recover to 90 per-
cent of the predisturbance conditions within minutes to
several hours for permeable to highly permeable geo-
logic formations, but may require 100 to 1.000 hours
(4 to 40 days) in muds. very fine-grained loamy sands.
and fractured rock. and may take even longer in frac-
tured shales, recent loams, clays, and slightly fractured
solid igneous rocks (Halevy and others. 1967).

In general, where the rate of ground-water
movement past a diffuston sampler is high, equihbra-
tion times through various membranes commonly
range from a few hours to a few days (Mayer, 1976;
Harrington and others, 2000). One field investigation
showed adequate equilibration of PDB samplers to
aquifer tnchlomethene (TCE) and carbon tetrachlonde
(CT) concentrations within 2 days in a highly perme-
able aquifer (Vroblesky and others. 1999). In other
investigations, PDB samplers recovered after 14 days
were found to he adequately equilibrated to chlorinated
VOCs (Obrien & Gere Engineers, Inc., 1997a. 1997b;
Hare, 2000): therefore, the eqmhbration period was
less than or equal to 14 days for those field conditions.
Because tt appears that 2 weeks of equilibraUon proba-
bly is adequate for many applications, a rmmmum
equilibration time of 2 weeks is suggested. When
applying PDB samplers in waters colder than previ-
ously tested (10 °C) or for compounds without suffi-
cient corroborating field data, a side-by-side com-
parison with conventional sampling methodology is
advisable to justify the field equilibration time.

In less permeable furmaUons, longer equihbra-
tion times may be required. It is probable that water in
the well bore eventually will equilibrate with the pore-
water chemistry; however, if the rate of chemical
change or volatilization loss in the well bore exceeds
the rate of exchange between the pore water and the
well-bore water, then the PDB samplers may under-

pMsivm Otfft~on Bag Saml:4er and Sample Recovery g
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6. If a comparison is being made between
concentrations obtained using PDB samplers and
concentrations ob~ned using a conventional sampling
approach, then the well should be sampled by the
conventional approach soon after (preferably on the
same day) recovery of the PDB sampler. The water
samples obtained using PDB samplers should be sent
in the same shipment, as the samples collected by the
conventional aplxoach for the respective wells. Utdizmg
the same laboratory may reduce analytical variability.

7. Any unused water from the PDB sampler and
water used to decontaminate cutting devices should be
disposed in accordance with local, state, and Federal
regulations.

DETERMINING APPLICABILITY OF PASSIVE
DIFFUSION BAG SAMPLERS AND
INTERPRETATION OF DATA

When attempting to determine whether the use
of PDB samplers is appropriate at a particular well, a
common approach is to do a side-by-side compansou
with a conventional sampling method during the same
samphng event¯ This approach is strongly suggested in
wells having temporal concentration variability. In a
well having relattvely low temporal concentration van-
ahility, comparison of the PDB-sampler results to
histoncal concentrations may provide enough infor-
mation to determine whether the PDB samplers are
appropriate for the well¯ In general, if both PDB and
conventional sampling produce concentrattons that
agree within a range deemed acceptable by local,
state, and Federal regulatory agencies and meet the
site-specific data--quality objectives, then a PDB
sampler may be approved for use m that well to mom-
tor ambient VOC concentrauons. If concentrations
from the PDB sampler are higher than concentrations
from the conventional method, it is probable that
concentrations from the PDB sampler adequately
represent ambient condiuons because there usually ~s a
greater potential for dilution from mixing during
sampling using conventional methods than during
sampling using PDB samplers

If, however, the conventional method produces
concentrations that are stgmficantly higher than those
obtained using the PDB sampler, then ~t is uncertain
whether the PDB-sampler concentraUons represent
local ambient condmons [n this case, further testing
can be done to determine whether contaminant straufi-
cation ancFor mwa-borehole flow is present. Multiple
sampling devices can be used to determine the pres-

ence of contaroinam stratificanon, and borehole flow-
meters can be used to determine whether mtra-
borehole flow is present. When using flowmeters to
measure vertical flow m screened boreholes, however.
the data should be considered qualitative because of
the potential for water movement through the sand
pack. Borehole dilution tests (Halevy and oebers, 1967;
Drost and others, 1968; Grisak and others, 1977;
Palmer, 1993) can be used to determine whether water
is freely exchanged between the aquifer and the well
SCIT.Cn.

Once the source of the difference between the
two methods Is determined, a decision can be made
regarding the well-specific utility of the PDB samplers.
Tests may show that VOC concentrations from the
PDB samplers adequately represent local ambient
conditions within the screened interval despite the
higher VOC concentration obtained from the conven-
tional method. This may he because the lmmped
samples incorporated water containing higher concen-
trations either from other water-bearing zones induced
along inadequate well seals or tl~ough fractured clay
(Vroblesky and others, 2000), from other water-bear-
mg zones not directly adjacent to the well screen as a
nesult of well purging prior to samphng (Vroblesky and
Pe~ewich; 2000), or from mixing of chemically strati-
fied zones in the vicmhy of the screened interval
(Vroblesky and Peters, 2000)

The mixing of waters from chemically sO’atified
zones adjacent to the screened interval during pumping
probably is one of the more important sources of
apparent differences between the results obtained from
PDB sampling and conventional sampling because
such stratification probably is common. Vertical strati-
fication of VOCs over distances of a few feet has been
observed in aquifer sediments by using multilevel
samphng devices (Dean and others, 1999; Pitkin and
others, 1999), and considerable variation in hydraulic
conductivRy and water chemistry has been observed in
an aqmfer in Cape Cod, Massachusetts, on the scale of
centimeters (Wolf and others, 1991 ;Smtth and others
1991 ; Hess and others, 1992). Multiple PDB samplers
have been used to show a change in TCE concentration
of 1,130 (~g/L over a 6-ft vertical screened interval in
Minnesota (Vroble.sky and Petkewich, 2000). Tests
using PDB samplers in screened intervals containing
VOC strauficat~on showed that the PDB-sampler data
appeared to be point-specific, whereas the pumped
sample integrated water over a larger intm-val (Vroblesky
and Peters, 2000).
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concentrauons that may differ from VOC concentra-
tions obtained from PDB samplers because the meth-
odologies sometimes are influenced in different ways
by aquifer hydraulic and chemical heterogeneity. This
section examines potential sources of concentration
differences betweon traditional methodologies and the
PDB methodology.

The purge-and-sample approach to ground-water
monitonng differs from the diffusron-sampler
approach primarily because the area of the screened or
open interval that conmbutes water to the purged
sample typically is greater than for the PDB sampler.
and the potential for mixing of stranfied layers is

higher. When pumping three or more casing volumes
of water prior to collccung a sample, chemical concen-
trations In the discharging water typically change as the
well ts pumped (Kcely and Boateng. 1987; Cohen and
Rahold. 1988; Martin-Hayden and others. 1991 ;
Robbins and Martin-Hayden. 1991; Reilly and Gibs.
1993; Barcelona and others. ]994; Magin-Hayden.
2000). due to rotxmg during pumping and other factors,
such as the removal of stagnant water in the casing and
changing patteros of inflow and outflow under ambient
and pumping conditions (Church and Granato. 1996).
The mducUon of lateral cbenucal heterogeneity during
pumping also may produce variations in the sampled
concentrations. The amount of mixing during purging
can be highly variable (Barber and Davis. 1987;
Church and Granato. 1996; Redly and LeBlanc. 1998;
Martin-Hayden. 2000). and may result in concentra-
tions that are not locally representative (Reilly and
Oibs, 1993) Substantial vertical hydraulic gradienLs,
even in shallow homogeneous aquifers, have been
observed to bias sampling using cooventronal purging
because the majority of the pumped water may come

from a particular horizon not related to the contami-
nated zone and because the intra-well flow that

intruded the aquifer may not be adequately removed
during purging (Hutchins and Acree, 2000). Thus.
differences may be observed between concentrations
obtained from a pumped sample and from a PDB
sample in a chemically stratified interval if the pumped
sample represents an integration of water collected
from multiple honzons and the PDB sampler repre-
sents water collected from a single horizon.

Low-flow purging and sampling (Barcelona and
others. 1994. Shanklin and others. 1995) disturbs the
local ground water less than convenUonal purge-and-

sample methods. Thus, samples obtained by PDB
samplers are hk¢ly to be more similar to samples
obtamod by using low-flow purging than to those

obtained by using conventional purge-and-sample
methods. Even under low-flow conditions, however,
purging still can integrate water within the radius of

pumping influence, potentially resulting in a deviation
from VOC concentrations obuaned by PDB sampling.
One investigation found that in low hydraulic conduc-
tivity formations, low-flow samphng methodology
caused excessive drawdown, which dewatered the
screened interval, iocrecsed local ground-water veloci-
ties, and caused unwanted colloid and soil transport

into the ground-water samples (Sevce and others.
2000). The authors suggest thai in such cases, a more
appropriate sampling methodology may be to collect a

slug or passive sample from the well screen under the
assumption that the water in the well screen is in
equilibrium with the surrounding aquifer.

Isolating a particular contributing fracture zone
with straddle packers in an uncased borehole allows
depth-discrete samples to be collected from the target

horizon (Hsieh and others. 1993; Kaminsky and Wylie.
1995). Strategically placed straddle packers often can
rmrfimize or eliminate the impact of vertical gradients
in the sampled interval. However. even within a

packed interval isolating inflowing fracture zones.
deviations between VOC conccntraUons in water from
PDB samplers and water sampled by conventional
methods still may occur if the conventional method
mixes chemically stratified water outside the borehole
or if the packed interval straddles chemically heteroge-

nfous zones.

The use of multilevel PDB samplers and other
types of multilevel samplers (Ronen and others, 1987;
Kaplan and others, 1991; Schirmer and others. 1995;
Gefell and others, 1999: Jones and others, 1999) poten-
tially can delineate some of the chemical stratification.
Diffusion sampling and other sampling methodologies,
however, can be influenced by vertical hydraulic gradi-
ents within the well screen or the sand pack. When
vertical hydraulic gredlents are present within the well,
water contacting the PDB sampler may not be from a
horizon adjacent to the PDB sampler. Rather, the water
may represent a mixing of water from other contribut-
ing intervals within the horehole. In a screened well.
even multilevel samplers with baffles to limit vertical
flow in the well cannot prevent influences from



aqueous mixture of those compounds surrounding the
samplers under laboratory condiuons within approxi-
mately 48 hours at 21 °C. A subsequent laboratory
study of mixed VOCs at 10 °C showed that tetrachloro-
ethene and trichlornethene were equthbrated by about
52 hours, but other compounds required longer equila-
bration times. Chlornethane, cis- 1,2-dichloroethene,
trans-1,2..dichlort~thene, and 1,I-dichloroethene were
not equilibrated at 52 hours, but aped to be equili-
brated by the next sampling point at 93 hours. Vinyl
chloride, 1, I. l-mchloroethane, 1.2-dichlornethane, and
I, 1-dichloroethane were not equilibrated at 93 hours
but were equilibrated by the next samphng point at 166
hours Different equilibration times may exist for other
compounds. Differences m equilibration times, if any,
between single-solute or mlxed-VOC solutions have
not yet been thoroughly examined.

The samplers should be left in place long enough
for the well water, contammam distribution, and flow
dynamics to restabihze following sampler deployment
Laboratory and field data suggest that 2 weeks of
equihbration probably is adequate for many applica-
trans. Therefore, a minimum equilibration time of
2 weeks is suggested. In less permeable formations,
longer equilibratmn times may be required. When
deploying PDB samplers in waters colder than
previously tested (l0 °C) or for compounds without
sufficient corroborating data, a side-by-s~de compari-
son with conventional methodology is advisable to
justify the field equllibrauon trine.

Following the raittaI equihbration period, the
samplers maintain equilibrium concentrations with the
ambient water until recovery. Thus, there is no speci-
fied maximum time for sampler recovery after initial
equihhration. PDB samplers have routinely been left in
ground waters having concentrations of greater than
500 ppm of TCE for 3 months at a time with no loss of
bag integrity, and at one site, the PDB samplers were
left in place in VOC-contammated ground water for
l year with no reported loss of sampler integrity.
The effects of long-term (greater than 1 month) PDB-
sampler deployment on sampler and sample integrity
have not yet been thoroughly tested for a broad range
of compounds and concentrations. In some environ-
ments, development of a biofilm on the polyethylene
may be a consequence of long-term deployment.
Investigations of semipermeable membrane devices

t

(SPMDs) have shown that the transfer of some
compounds across a heavily biofouled polyethylene
membrane may be reduced, but not stopped. If a heavy
organic coating ts observed on a PDB sampler, it is
advtsable to determine the integrity of the sample by
comparing sampler results to a conventional sampling
method concentrations before continuing to use PDB
samplers for long-term deployment in that well.

PDB methodology is suitable for a broad variety
of VOCs, including chlorinated aliphatic compounds
and petroleum hydrocarbons. The samplers, however.
are not suttable for inmganmc ions and have a limited
apphcabihty for non-VOCs and for some VOCs. For
example, although methyl-ten-butyl ether and acetone
and most semivolatile compounds are transmitted
through the polyethylene bag, laboratory tests have
shown that the resultang concentrations were lower
than m ambient water. The samplers should not be used
m sample for phthalates because of the potential for the
LDPE to contribute phthalates to the water sample.

When atlempting to determine whether the use
of PDB samplers is appropriate at a particular well, a
common approach is to do a side-by-side comparison
with a conventional sampling method. This approach is
strongly suggested in wells having temporal concentra-
uon variability. In a well having relatively low tempo-
ral concentration vartability, comparison of the PDB-
sampler results to historical concentrations may pro-
vide enough informataon to determine whether the
PDB samplers are appropriate for the well. In general,
if the two approaches produce concentratsons that
agree within a range deemed acceptable by the local,
state, and Federal regulatory agencies, then use of a
PDB sampler m that well will provide VOC concentra-
tions consistent with the historical record. If conceotra-
tions from the PDB sampler are higher than concentra-
uons from the conventional method, then it ~s probable
that the concentrations from the PDB sampler are an
adequate representation of ambieot coodttions If, how-
ever, the conventional method produces concentrations
that are substantially higher than the concentrations
found by using the PDB sampler, then the PDB sam-
pler may or may not adequately represent local ambi-
ent conditions. In this case. the difference may be due
to a variety of factors, including mixing or transloca-
tion due to hydraulic and chemical heterogeneity of the
aquifer within the screened or open interval of the well
and the relatave permeabihty of the well screen.

11umrn~ 16
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CH2MHILL

Standard Operating Procedure for Soil Headspace Field
Screening Using an OVA]FID at Dunn Field
TO:.

COPIES:

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)
US. Environmental Protection Agency (USEPA), Region 
Tennessee Depa,hLtent of EnvLronment and Conservalaon (TDEC)

FROZe CH2M HILL

May 5, 2000

This memorandum describes the use of the Organic Volatile Analyzer (OVA)/Flame Ionization
Detector (liD) headspace method for performing field soil screening.

Collecting Soil Samples
1. Calibrate the liD per the manufacture’s procedures.

2. Place latex gloves on hands for protection and to reduce cross-contamination.

3. Open the 5 foot core sampler and extract the two 2.5-foot clear hners and cap each end of
the hner. Label the top and bottom of each liner wzth the associated depths and boring ID.

4. Visually and physically characterize the soil core by collectmg small samples from each end
of the liner remembering to only remove the end caps briefly. Determine if any abrupt
changes in soil lithology exists (i.e. sand to clay, gravelly sand to sandy clay).

5. If no change in soil lithology exists, the headspace sample should be collected (skip to #11)
where the two Liners connect (center point of the 5-foot interval).

If one or more llthological changes occur, then proceed to #6.

6. Mark the outside of the liner with a permanent pen were the change occurs.

7. Label the sample bags with the appropriate sample ID.

8. Cut the liner approximately 4 inches above the marked soil change and separate the two
sections of the liner. (The area of concern is the higher permeability soft munediately above
the lower permeability layer.)

9. Immediately place a cap on the cut end of liner section containing the area of concern and
the soil change. (This section of the liner could be sampled later for laboratory analysis.)

10. Use the end of the other section that was cut to collect soil for headspace readings.

11. Outckly fill 2 quart sized sealable plastic bags at least 1/2 full with soil using a stainless
steel sampling spoon.
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12. Immediately seal the bags.

13. "For liners that contain soil lithology changes* Label the liner that contains the area of
concern with the appropriate ID.

14. Repeat steps #6 through #11 for each lithological change. For areas where multiple low
permeability layers are concentrated, only the soil above the upper layer will be considered
important.

15. Place the liners out of the sun and protected from the environment.

16. Allow the soll in the bags to reach room temperature or warmer [20oC (68oF) to 32°C (90°F)].

17. While the l~lD organic vapor analyzer is running, insert the OVA/FID probe through the
side of the f*rst bag after the temperature has equilibrated (typically after 5 minutes).

18. Record the highest reading on the gauge; this is the unfiltered concentration. If the
unfiltered measurement is non-detect, do not proceed to line 9. Record the reading in the
logbook as the total hydrocarbon measurement for that sample.

19. Attach an activated charcoal filter onto the OVA/FID.

20. While the l~lL) organic vapor analyzer is running, insert the OVA/FID probe with the
attached charcoal filter through the side of the second bag.

21. Record the highest reading on the gauge; this ~ the filtered concentration.

22. Subtract the filtered reading from the unfiltered reading for the total corrected hydrocarbon
measurement.



Attachment II.
Standard Operating Procedure for Collecting Soil Samples for
Volatile Organic Compounds (VOCs)

TO:.

COPIES:

FROM:

DATE:

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)

U.S. Environmental Protection Agency (EPA), Region 

Tennessee Department of Environment and Conservation (’rDEC)

CH2M HILL

August 16, 2001

Standard Operating Procedure
This memorandum describes the use of pre-weighed VOC vials for collechon of chscrete
sample ahquot to be analyzed for VOCs using EPA SW-846 Method 5035. Importantly,
using thLS method, two vzals must be prepared for each sample submitted.

Collecting Soil Samples
1. Place nRnle gloves on hands for protechon and to prevent cross-contammal~on.

2. Open the package containing the pre-cut sy’nnge sample-collection device.

3. Open the vial that will be receiving the soil.

4. Retract the plunger of the cut-off syringe to between 5 or 6; mark on the syringe tube.

5. Insert the syringe into the soil.

6. Remove the syringe and the "slug" of soil into a pre-weighed vial. Replace the cap on
the vial.

7. Label the vial with the sample ID and date sampled.

8. Repeat the steps above for the second sample waL

9. Make sure that the preservative in the vial mixes with the slug of soil by shaking, if
necessary.

10. Place vials into cooler with wet ice for slupment.



.74 

TECHNICAL MEMORANDUM CH2MHILL

Standard Operating Procedure for Collecting Soil
Samples for Volatile Organic Compounds
TO:

CORES:

FROM:

DATE.

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)
U.S. Environmental Protectaon Agency (USEPA), Region 
Tennessee Department of Environment and Conservation (TDEC)

CH2M HILL

May 5, 2000

Standard Operating Procedure
This memorandum describes the use of an EnCore sampler to collect a discrete sample aliquot
to be analyzed for volatile organic compounds (VOCs). The confirmation samples will 
analyzed for TCL volattle organics by SW-846 Method 8260B

Collecting Soil Samples
1. Place latex gloves on hands for protecbon and to reduce cross-contamination.

2. Open the EnCore reusable package and remove the core device and cap.

3. Twist the piston on the EnCore sampler, so that the piston is unlocked and can move freely.

4. Place the core device into the T-handle.

5. Open the soil-core ,sampler (e.g, split spoon) containing the soil core.

6. Using a stainless steel spoon, scrape off the initial soil touching the soil-core sampler.

7. Push the EnCore core device into the soft core.

8 Twist the T-handle, and pull the encore sample free of the soil. The sampler should now be
full of soft. If not, repeat this step until the encore is full of soil.

9. Remove excess soil from the sides of the sampler, and place the cap onto the sampler.
(Make sure both sides of the cap lock into place)

10. Twist the piston 90 degrees, so that it Ls locked.

11. Label and reseal in the original package.

12. Place into cooler with wet ice for shipment.
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Standard Operating Procedure for QED® Bladder
Pumps
PREPAREO FOR’

PREPARED BY.

DATE:

Steve Offner/ATL

Johannah Rogers

March 10, 2000

Advantages for using bladder pumps from the MzcroPurge@ Webszte on Well Wizard@
Bladder Pumps.

1. Low-flow groundwater monitoring system with rates as low as 100 mL/minute or less,
does not increase turbidity, and does not alter samples.

.

3.

EPA accepted for low-flow sampling.

Pneumatic bladder pumps operate with a timed on/off cycle of compressed air
alternately squeezing the flexible bladder to displace water out of the pump and release
it to allow the pump to refill by submergence.

4. The bladder prevents contact between the pump drive air and the sample.

Standard Operating Procedure
This memorandum describes techmques used for low-flow purging and intrinsic sampling
of groundwater momtoring wells. Low-flow purging techniques are used to reduce purge
volumes and sampling tame. It also allows for the collection of more representative held
parameters (for example, dissolved oxygen and redox potential).

Low-flow purging techniques have the following advantages:

¯ Avoids lowering the water table and sampling static water in well (pulls in
formation water),

¯ reduces sample aeration, and
¯ reduces groundwater turbidzty (important in the collection of total metals

samples).

Purging Procedure
1. Measure depth to groundwater.

2. Measure total depth of well.

3. Calculate purge volume.

4. Place pump intake approxunately in the center of the screen interval that is submerged
for wells screened across the water table. In fully submerged wells, place pump retake

A~ PROCEDURE OOC I
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approximately I foot below the top of screen. Rather than lowering the pump to the
bottom of the well and pulling it up to the desired level, the pump should be slowly and
carefully lowered to the target screen zone (measure pump tubing as it is lowered). This
will prevent siltation of the groundwater.

5. Start the air compressor engine. If a gasoline powered compressor is used, place as far
from the well as possible, in the down wind direchon.

6. Connect the appropriate ho~es for the air supply.

7. Set the length of the on/off cycle for pressunzmg and venting. This will control the
length of tame that the pump discharges and refills the bladder. The length of the cycle is
dependent on the rate of recharge of the well. It should be adjusted to prevent
drawdown of the well. Consult the pump manual for recommendations on cycle times.

8. Increase the pressure on the air compressor.

9. lnstall a water level indicator above the pump to monitor drawdown during purging.

10. Purge wells slowly, at a rate that does not lower that water table significantly (less than
10% of the screen length). Well Wizard@ Bladder Pumps can be run at rates less than
100mL/minute or less. The purging rate should be carefully controlled and can be
measured using a graduated bucket. A minimum of three well volumes should be
purged prior to sampling.

11. Consult the pump manual for detailed instructions and recommendations.

Stabilization Criteria

I. Measure field parameters (pH, conductivity, dissolved oxygen (DO), oxidation-
reduction potential (redox), turbidity [visual or turb*d.tmeter], and temperature) using 
calibrated YS1 600XL (or equivalent) and a flow cell. Record parameters every quarter
well volume. The depth to groundwater should also be recorded on the purging form to
monitor the water table drawdown.

2 Purge morutormg wells unta] field parameters have stabilized to within the ranges
presented below. Purging wxth the QEE~ Well Wtzard® Bladder Pump should produce
representahve formation water without increasing turbidity or altering the parameters.

3. Typzcally, dissolved oxygen will be elevated at the start of purging (for example, 
rag/L), and should decrease as pumping proceeds. Contaminated wells typically have 
low DO (less than 1 mg/L) and a negahve redox. If the DO begins to rise during
purging, it is an indication that arhflcial aerahon ~s occurring and the pumping rate
should be reduced.

4 If the water table begins to drop more than 1 foot, adjust the length of the on/off cycle. If

a well is purged dry, purging will be considered complete. A replacement well should
be selected for mtrmsic ~mphng adjacent to the original well in the same zone of
contaminahon (clean upgradient, m contaminated plume, or downgradlent).

5 Positron the pump lower (approximately 2 to 3 feet) in wells that have hlstoricaUy low
recharge rates. Slowing the pumping rate down to match the recharge rate may help
avoid pumping a well dry.



Field Parameter/General Order of Stabilization: Stabilization Criteria :

1. pH ± 0.1

2 Temperature + 10%

3. ConducUvity ± 3%

4. Redox potential :t: 10 mV

5. DO and turbidity ± 10%

Sample Collection
I. Collect groundwater samples following stabfiiT~tion directly out of the pump discharge.

2. Sample collection order is based on the approximate order of susceptibility to artificial
aeration and should be consistent between all wells sampled: volatile organics (benzene,

toluene, ethylbenzene, and xylenes [BTEX] and trimethyl benzene [TMB]), carbon
dioxide [CO2], total organic carbon (TOC), methane [Ct~h], sulfide [SO3], alkalinity,

sulfate [SO,], nitrate [NO3], extractable lead [Pb], and ferrous iron (filtered). Note that

nitrate has a 48 hour holding ~’ne.

3. Use an in-line filter to field filter dissolved metals (ferrous iron). If total metals

(extractable lead) samples are turbid (silty), delay sample collection for approximately 

to 4 hours, at which time a bailer can carefully be lowered into the uppermost portion of
the water column (in wells screened across the water table) to collect the sample.



TECHNICAL MEMORANDUM CH2MHILL

Standard Operating Procedure for Sudan IV Dye
Testing
TO:

COPIES:

FROM.

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)
U S. Environmental Protection Agency (USEPA), Region 
Tennessee Department of Environment and Conservation (’I’DEC)
CH2M HILL

May 5, 2000

Standard Operating Procedure
This memorandum describes the use of Sudan IV dye as a preluninary screening technique
used for detecting the presence of DNAPL in groundwater and soil samples. Sudan IV is a
hydrophoblc dye which turns bnght red in the presence of DNAPL.

Testing Soil Samples
1. Collect soil samples from the soil core exb-acted by the sampler.

2. Place an aliquot of soil from the area(s) exhibiting the highest PID reading(s) into a 4 ounce
glass or plastic jar or other appropriate receptacle.

3. Fill approximately one-half of the container with the sampled soil.

4. Manually disperse the soft m the jar to minimize clumping.

5. Fill the remaining volume of the container with distilled water.

6. Add a very small amount (2 to 4 milligrams - an amount that would rest on the edge of 
toothpick) of Sudan IV dye (in powder form) to the container using extra care not to expose
the dye to any parts of the body. [Sudan IV ts an irritant and possible mutagen with which skin
or eye contact should be avoided. Gloves should alwags be worn when handling the ~udan IV dve.]

7. Alter the dye has been added, seal the container and shake the soil/dlstflled water/dye
mixture for approximately 30 seconds.

8. Note the presence or absence of bright red staining indicative of DNAPL in the logbook. Is
there a presence of bright red staining? If yes, this indicates the presence of DNAPL in the
sample.

Testing Groundwater Samples
1. DO NOT purge monitoring well prior to sample collection.

2. Collect groundwater samples from the bottom of each monitoring well using a bottom
filling, 3 foot disposable Teflon bailer.
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3. Pour an aliquot of the hquid from the bottom of the bailer into a 4 ounce glass jar or other
appropriate receptacle.

4. Add a very small amount (2 to 4 milhgrams - an amount that would rest on the edge of 
toothpick) of Sudan IV dye (in powder form) to the container using extra care not to expose
the dye to any parts of the body. [Sudan IV is an irritant and possible mutagen with which skin
or eye contact should be avotded. Gloves should always be worn when handling the Sudan IV dtle.]

5. After the dye has been added, seal the container and shake the groundwater/dye rmxture
for approximately 30 seconds.

6. Note the presence or absence of bnght red staining indicative of DNAPL in the logbook. Is
there a presence of bright red staining? If ~ this indicates the presence of DNAPL in the
sample.
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Executive Summary

Introduction

In October 1992, the Defense Depot Memphis, Tennessee (DDMT), was placed on the
National Priorities List (NPL) by the U.S. Environmental Protection Agency (E.PA).
Therefore, DDMT must fialfdl requirements under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and National Contingency Plan.
A reme~lial investigation/feasibility study (RI/FS) must be prepared to determine the
nature and extent of contamination, to evaluate the risk to human health and the
environment, and to screen potential cleanup actions. The Generic Riffs Work Plan was
prepared to show how the investigation and study would be accomplished. This Qua/L,y
Assurance Project Plan (QAPP) was prepared as a supplement to the Generfir R//F$ Work
P/an to describe the general sampling, laboratory, monitoring well installation, sod
boring installation, and quality assurance/quality control (QAJQC) procedures that will 
used during the RI/FS at DDMT.

Site Background and Location

DDMT covers 642 acres of land in Memphis, Shelby County, Tennessee, in the extreme
southwestern portion of the state. The installation contains approximately 110 buildings,
26 miles of railroad track, and 28 miles of paved streets. Approximately 5.5 million
square feet of storage space is open. Stored items include food, clothing, eloctronic
equipment, petroleum products, construction materials, and industrial, medical, and
general supplies.

Description of Operable Units (OUs)

DDMT is divided into four OUs for evaluation purposes. Dunn Field is designated
OU-I. The Main Installation is divided into three areas: the southwestern quadrant,
OU-2; the southeastern lakes and golf cours¢ area, OU-3; and the north-central area,
OU-4. Substances found in OU-1 probably resulted from use of the area for landfill
operations, mineral stockpiles, pistol range use, and pesticides storage. Potential
contamination of OU-2 could have resulted from spills or releases from the baTardous
material storage and repouring area, sandblasting and painting activities, or beth. Storage
of polychlorinated biphenyls (PCBs) and the use of pesticides and herbicides are potential
sources of contamination for O1/-3. Principal contamination in OU-4 probably resulted
from a wood treatment operation and baTardous material storage.

msmg$ -DDMT-WP2J013 WP5 ii 9/’7/95
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Description of QAPP

This QAPP was prepared as a supplement to the Generic RI/FS Work Plan to provide
quality assurance and quaLity control requirements for sampling a~ivities, and other types
of field analyses and tests that generate data as part of the activities performed during the
RI/FS process at DDMT. The goal of this plan is to provide data of known quality to the
project team to support the project decision-n~king process. The requirements of this
plan apply to the primary contractor, as well as to subcontractors.

This plan addressus the following:

¯ QA/QC objectives for the project

¯ Discussion of the QC levels and applicabRity of cach

¯ Specific QA/QC procedur~ that will be implemented to achieve these
objectives

¯ Project team organization and responsibility

The contractor’s internal QA programs will control other project aspects, such as
engineering analysis and report preparation. Laboratory activities (either onsite or fixed-
base analytical laboratories) will be covered by the Laboratory Comprehensive Quality
Assurance Manual

mSa~o5-DDMT-WP2/013 .Wl~ Jii 9/7195
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1.0 Objectives of the Quality Assurance Project Plan

The purpose of this Defense Depot Memphis, Tenne&see (DDMT) Generic Q.ality
Assurance Project Plan (QAPP) is to describe the general sampling, laboratory,
monitoring well installation, soil boring installation, and quality assuranceJquality control
(QAIQC) procedures that will be used during the Remedial Invest/gation/F~aqibility Study
(RI/FS) at DDMT. The procedures have been developed for the chemical data collection
activities to provide data of sufficient quality and quantity to support the objectives of the
RI/FS, and to provide eamful planning of data collection and analysis activities to meet
the stated data quality objectives that are consistent with the intended data uses.

The QAPP has been written in accordance with the enrrent RI/FS guidance (tel 21), the
Data Quality Objec~ves for Remedial Response Activities (ref. 26), the Guidelines and
Spec~cations for Preparing Quality Assurance Plans (ref. 27), and EPA Region IV,
Environmental Compliance Branch Standa~ Operating Procedures and Quality Assurance
Manual (ECBSOPQAM) (ref. 31) to address aspects of the field investigations to 
conducted as a pan of the site characW.z’izafion activities that are common to all operable
units (OUs) at DDMT. References used for QAPP development arc provided 
Appendix A.

1.1 Project Objectives

The overall objectives of the RI/FS axe to determine the nature and extent of the release
of hazardous substances to the underlying aquifer system as a result of past disposal
activities at DDMT, to identify the sources of release, and to evaluate the effectiveness of
proposed remedies. The ultimate goal is to select cost-effective and implemeatable
remedies that mitigate threats and provide protection for public health and the
environment. During the RI, the dava and data collection processes will be evaluated to
monitor the support of the RUFS objectives. That is, the data must be of sufficient
quality and quantity that the distribution and migration of contaminants can bc determined
to satisfy the objectives of the RI. The data and conclusions drawn during the RI.must
support the screening and in-depth analyses of the remeAial alternatives to be evahmled
during the FS. To accomplish these task~, confidence in field sampling procedures; data
collection, analysis, management, and validation procedures; and QA activities are vitally
important. Because these items are so important to the remedial decision-making
process, a carefully considered approach to detailed QA procedures is nece.~ for
SU~.

To characterize the sites and potential releases, DDMT will implement an extensive field
sampling effort to identify and delineate the contaminants (in the groundwork’, soil,
surface water, and sediments) that may have resulted from past practices at sites where
ha~rdous or toxic wastes were managed or disposed. A laboratory that has been
validated by the Corps of Engineers’ Missouri River Division (CEMRD) and that is 



Program (CLP) will be selected to perform the required chemical analyses. Split samples
will be routinely provided to the CEMRD to comply with Corps of Engineers (COE)
quality-control requirements and to the EPA- and Tennessee Department of Environmem
and Conservation (TDEC)-<lesignated laboratories to meet EPA’s requirements.

1.2 Objectives of Site Investigation Activities

The primary objective of this RI is to characterize the nature and extent of co~t:~minants
in soil, surface water, sediment, and groundwater. Additional data will be collected to
supplement the previous RI/FS completed in 1990 by Law Environmental Inc., to
evaluate the extent of groundwater contamination in the Fluvial Aquifer and to assess the
potential for contaminant migration to the Memphis Sands Aquifer. This investigation
will provide additional information for the baseline risk assessment (BRA) and the
selection of appropriate remedial alternatives. Other general objectives of the RI inelude
the following:

Understand site geology and hydrogeology sufficiently to evaluate
groundwater movement and to identify potentially affected aquifers.

Collect a sufficient number of samples from areas surrounding the site
unaffected by earlier activities to adequately evaluate background
concentrations of target analytes.

¯ Collect samples that are representative of actual site conditions.

Provide data of known quality by using approved sampling and analytical
methods.

Specific site investigation details, along with sampling and analysis objectives, are
discussed in the Field Sampling Plans (FSPs) for the OU in which tbe site is located.

1.3 Site Characterization Activities

Field investigations will be conducted under the guidance of this QAPP, the Health ~ncl
Safety Plan (HASP), and the OU-specific FSPs, as well as any addendum that may 
required for these plans. Proposed sample locations are identified in the FSPs and in site
maps prepared for the particular OU to be investigated. Data management, field
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sampling, and field and laboratory QA/QC activities will bc conducted in accordance with
the procedures outlined in the QAPP. The following field activities will bo conducted:

Install monitoring wells and soil borings.
Collect and analyze soil, groundwater, surface water, sediment samples,
and the appropriate QA/QC samples.
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2.0 Project Organization and Responsibilities

2.1 Project Team Organization

The project team will be organized into contractor, COE. and offsite laboratory work
groups. The contractor’s group will consist of a project manager, a project
hydrogcologist, a project environmental engineer, a project chemist, a review team
leader, a database manager, and various support staff. The COE’s group will consist of a
project manager, a project engineer, a project geologist, a project industrial hygienist, a
project environmental engineer, and a project chemist, who will develop work plans and
scopes of work, oversee field performance, and review technical documents. The
contractor group at the field site will consist of the field team leader (FTL), who will 
on.site for all phases of the project; the field geologists; the safety officer and sampling
team, and various support technicians. The laboratory work groups include the technical
staff and QA/QC personnel at the laboratories. Additional project organization
information will be provided upon selection of a contractor.

2.2 Key Personnel Qualifications and Responsibilities

2.2.1 Contractor Work Group

The persormcl selected for the RI/FS will have the necessary qualifications to complete
this complex project. Additional information will be provided later concerning specific
qualifications.

In full compliance with the training requirements of Occupational Safety and Health
Administration (OSHA) regulations (29 Code of Federal Regulations [CFR] 1910.120),
all field personnel have received at least 40 hours of health and safety training, including
first aid and eardiopulmonary resuscitation (CPR), and a minimum of 3 days actual field
expermnce under the direct supervision of a trained experienced supervisor. The
personnel positions and respomibilities listed below will be involved in the RI/FS.

Program Manager-The program manager is a senior level management person who
coordinates all the project efforts for DDMT. As the direct contact between the COE
and other program and project staff, the program manager will be responsible for
negotiating and communicating contractual obligations, including program objectives,
technical requirements, schedules, budgets, and deliverables. The program manager will
coordinate all administrative and f’mancial reporting, provide the COE with progress and
financial reports, review all deliverable, s, and provide day-to-day coordinating with the
COE.

Project manager (I’M)-Responsible for overall activities for a specific project. The
PM is responsible for cost and schedule control and for technical quality; in addition, he
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or she will develop the work plan and monitor task order activities to ensure compliance
with project objectives and scope. The PM also will communicate with the client and, as
appropriate, other designated parties regarding project progress.

The PM has ultimate responsibility within CH2M HILL for producing deliverables that
axe technically adequate, satisfactory to the client, and cost-effective. To accomplish
this, the PM assists the review team leader 0gTL) in developing an internal project
review schedule, provides written instructions and frequent guidance to the project team,
and monitors budgets and schedules.

Review Tsmm Leader-The RTL is generally a technical resource with expe.riencc in the
various technical aspects involved in a complex project. The RTL coordinates interoal
QA/QC review for technical validity and adherence to both internal CH2M HILL policy
and project-specific criteria. The RTL assists the PM in selecting an internal QAJQC
review team and in coordinating review efforts, and works with the project t~ra in
addressing review comments and adjudicating technical disagreements.

Lead Hydrogeologlst--This person is a technical specialist who is responsible for the
technical aspects of the project concerning hydrogeology and who provides technical
review and continuity of work between project tasks. His/her role includes selection of
methodology, field procedures, and review of data analysis and reporting. He/she will be
present at major meetings on decision points. The lead hydrogeologist will work closely
with the lead engineer to develop and implement a field program that addresses the
project objectives and provides technically sound data.

Lead Chemist--The lead chemist assists with the preparation of the project seeping
documents, provides an interface between the laboratory and the project team, supervises
the analytical data quality evaluation, and participates in preparing deliverables to the
client. The lead chemist communicates regularly with the project team and the analytical
laboratory during the field activities. The lead chemist also is responsible for monitoring
project-specific laboratory activities (including checking laboratory invoices and reports)
and may audit the laboratory at the PM’s direction.

The lead chemist monitors so that specific QA and primary technical operations are
coordinated effectively for the project. The lead chemist is responsible for the following:

Performance and system audits of laboratory operations to evaluate
compliance with the QAPP

¯ System audits of field operations to evaluate compliance with the QAPP

Provision of gmdance and coordination to rapidly resolve any QAJQC
problems
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Independent review of QA/QC information to evaluate the quality of all
deliverables or outputs from the project team

¯ Interaction and communication with COE QA personnel to resolve QA/QC
problems specific to the project

Lead Risk Assessor--Tbe )~a risk assessor provides guidance and input into the RI/FS
planning implementation stages, and directs the human health and ecological risk
assessments for the project.

Remedial Design Engineer-The remedial design engineer will evaluate the data
collected from the RI and direct sampling to be conducted for the FS activities. The
remedial design engineer also will conduct a cost-benefit analyses and other FS activities
to aid in evaluating remedial alternatives for the contaminated sites at the facility.

Lead Data Manager-Responsible for the structure, orgapiTation, format,
implementation, and operation of the project database. The lead data manager supcndses
the data management team and provides direction to the database manager. The lead data
manager, in conjunction with the PM, may decide to establish separate databases for each
project task. The lead data manager is responsible for the following:

Coordinating efforts between the project team and the database, including
setting up the sample tracking program and providing instruction to field
team members in its operation.

¯ Importing the analytical data into the project database.

¯ Doing a QC review of the data input into the database.

¯ Assisting project team members in u~’ing the database.

¯ Fxvihxring the electronic defiverablea to the client.

Database Manager-Works with the database on a daily basis and provides normal
deliverables (for example, data summary tables) to the project team.

Held Team Leader (FIT,)-Reports to the PM and will be responsible for the
coordination of field efforts, provides for the availability and maintenance of sampling
equipment and materials, and provides shipping and packing material~o The P’I’L will
supervise completion of all chain-of-custody records, supervise the proper handling and
shipping of samples, and be responsible for accurate complexion of the field notebook.
AS thc lead field representative, the t"rL will be responsible for consistently
implementing program QMQC measures at the site and for performing field activities in
accordance with approved work plans, policies, and field procedures.

Site Safety Coordinator (SSC) -The SSC oversees the administration of the project
HASPs in the field. The SSC will assist in conducting site briefings and perform all final
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safety checks. The SSC is responsible for stopping any investigation-related opotation
that threatens the health and safety of the field team or surrounding populace. Additional
responsibilities are detailed in the HASP.

2.2.2 Laboratory Work Group

The selected laboratories will be responsible for screening and analysis of groundwater,
soil, sediment, and surface water samples obtained during RI activities.

The chemical analysis supervisor serves as a liaison between field and laboratory
operations and is responsible for the following:

¯ Receipt of sample custody from the field t~m members, verification of
sample integrity, and transfer of sample fractions to the appropriate
a~cal departments

¯ Coordination of sample analyses to meet project objectives

¯ Preparation of analytical reports

¯ Review of laboratory data for compliance with method requirements

¯ Review of any QC deficiencies reported by the analytical department
manager

¯ Coordination of any data changes resulting from review by the project QA
supervisor or the PM

¯ Response to questions from the project ,,’~m during the data q~mlity
evaluation process

2.3 Project Communication

One of the most critical elements in performing the RUFS is to establish and maintain
lines of communication among all project personnel. Some work groups will meet at
Mast weekly to review the status of the project and to discuss technical and safety issues.
When necessary, other meetings will be scheduled or the I"tL will meet individually with
field personnel or the subcontractors to resolve problems. The i-IL will prepare a
weekly report detailing project progress.

The F’rL will be in regular telephone contact with the all work groups. When significant
problems or decisions requiring additional authority occur, the F’I’L can immediately
contact the PM or project hydrogcologist for assistance.
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Daily and weekly reports, boring logs, QA reports, and other project information will be
delivered by the field supervisor or other personnel on a daily bas~s or several times
during the week.

All communications with DDMT will be channeled through the DDMT project manager,
who will be informed of field activities being conducted on a daily basis.

All communications with the COE will be channeled through the Corps of Eagineets,
Huntsville Division (CEHND) project manager. The contractor will prepare monthly
progress reports and submit telephone conversation records to the COE throughout the
contract period.



3.0 Data Quality and Quality Assurance Objectives
for Sampling

3.1 Introduction

This section preseats the data quality objectives (DQOs) and QA objectives for the RI/FS
sampling activities. DQOs are quantitative and q, mlitative statements that specify the
quality of the data required to support decisions during the remedial reo-iKnlse activities.
They are based on the end uses of the data to be collected. The b2~i~ on which these
objectives were established are discussed in the following sections. The criteria for
evaluating data quality, precision, accuracy, representativeness, onmpaxability, and
completeness axe presented in this section, along with the mechanisms that will be used to
determine if they axe met.

3.2 Establishing Data QualRy Objectives

Objectives for data quality reflect the expected uses of the data, the expected levels of
contamination, and the available analytical and sampling resources.

3.2.1 Data Uses

The primary uses of the data to be gathered during the DDMT RI sampling activities are
as follows:

Contaminant Cha.mcterization-Data will be used to describe the nature and
extent of contaminants in the soil and groundwater at the site.

Health and Safety--Air monitoring within the RI/FS work zones will be
used to establish the level of protection needed for workers during the RI
activities.

Risk Assessment-Data will be used to evaluate the threat posed by the site
to public health and the environment via the soil, groundwater, surface
water, and air pathways.

Evaluation of Alternatives-Soil chemistry and physical data will be
collected and used to evaluate the feasibility of various remedial
technologies.

Engineering Design of Alternatives-Data such as preliminary volume
estimates for contaminated soil and groundwater will be used for
engineering design purposes and to determine the cost and performance of
various remedial technologies.
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3.2.2 Data Quality Levels

Data must be of sufficient quality to support the decision-making proce.~. A flexed
approach to sampling and analysis (including screening) will be used so that the field
team can adjust the sampling effort to accommodate site-specific conditions. The tiered
approach will be accomplished by screening a large number of samples for lxaeatial
contamination using Level 2 data quality; them a selected number of samples will be
submitted to an analytical laboratory for confirmation. Screening data will be used to
provide sufficient sampling to evaluate the potential pmsenc~ of target compounds at each
site and to accomplish quantitatlon.

Four categories of data will be collected as part of this field effort, with each category
having a different level of supporting QA/QC documemtafion. The four categories, or
levels, correspond to QC levels I, 2, 3, and 4. I..¢vel 1 includes field monitoring
activities such as pH, temperature, conductivity, and total organic vapor monitoring.
Level 2 screening activities and Level 3 analysis provide confirmation by an analytical
laboratory. Level 4 analysis provides legally defmsible data, if needed. For each QC
level, the potential measures and methods to be used, as well as the applicable data
package dcLiverables, are outlined below. For each site, the use and applicability for
each of the available rneasurea and methods will be evaluated and appropriate measures
and methods selected. For example, the pH and conductivity of groundwater samples
from all the screeaing sites will be measured; however, only soil samples from selected
sites will be tested for VOCs.

3.2.2.1 Level l-l~eld Surveys

Level 1 encompasses field monitoring activities and does not require formal data package
deliverables. Level 1 activities are focused on easily measured bulk characteristics of a
sample such as total organic vapors, or pH, temperature, and conductivity. Level 1
activities also include screening samples using immunoassay field methods for classes of
compounds such as polycyclic aromatic hydrocarbons (PAHs) or polychlorinatnd biphemyl
(PCBs) in soils.

CH2M HILL typically uses the data generated from field monitoring to make. decisions
about the execution of the investigation, such as approximating the relative degree and
extent of contamination to assist the investigation activities, or providing a gemeral sample
screening before analysis by the analytical laboratory.

lmmunoassay screening provides a yes/no approach to screening: either the target
compound(s) is present at, or above, the reporting limit or it is not. These tests will 
used to identify potential sources of contamination and may be used to estimate
approximate areas for vertical and horizontal extent of contamination. Immunuassay
screening kits use an antibody that is developed to have a high degree of sensitivity to the
target compounds. This antibody’s high specificity is coupled with a sensitive
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colorimeteric reaction that provides a visual result, lmmunoassay screcoing tests consist
of four steps:

¯ S~mple Extraction-An aliquot of soil is weighed and extracted with
methanol.

Dilution of ~mple and Standard-The sample extract is diluted to the
required detection level.

lmmunoassay-The sample and enzyme conjugate are introduced into
antibody tubes and allowed to stand; then the tubes are washed, coloring
agent is added, and the color is allowed to develop

Measurement and Interpretation-The color of the sample is measured
using the spectrophotometer and the sample result, are compared to the
standard results. This comparison provides an accurate semi-quantltative
measurement of the specific contaminant of interest.

Immunoassay kits that will be used in the field for Level 1 screening include PCBs,
PAHs, total petroleum fuel contamination, pentachlorophenol (PCP), and dioxins
(2,3,7,8-Tetrachlorodibenzo-I>-dioxin [TCDD]). Each of the immunoasmy kits 
described briefly below:

PCBs-Recognizes all commercial Aroelors; the more highly chlorinated
and most common (1260, 1254, and 1248) are detected at lower
concentrations, as summarized in Table 3-1.

Table 3-1
Detection limit5 for Arociors in Soil
Defense Depot Memphis, Tennessee

Aroelor mg/kg In soil

1260 0.4

1254 0.4

1248 1.0

1242 2.0

1232 4.0

1016 4.0

Total Petroleum Fuel Contamination-This immunoassay responds to a
selected subset of the chemical components in fuch, primarily aromatic and
aliphafic compounds with fewer than 15 carbons. Because this test
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responds to "petroleum products," it cannot be used to distinguish
individual types or sources of fuel. Reporting limits for various fuels using
this screening test are summarized in Table 3-2.

Table 3-2
Reporting TJmlts for Various Fuels Using the Total Petroleum Fuel

Contamination Screening Test
Defense Depot Memphis, Tennessee

Fuel Reporlln~ limit in mg/l~

Gasoline 10

Diesel fuel,//’2 15

Jet A fuel 15

Jet fuel, JP--4 15

KPA’O SP.JIC 15

Fuel oil, #2 15

PAils-This test is used to screen for 3- and 4-ring PA/-Is, which are
indicative of petroleum contamination. The overall detection limit is 1
mg/kg.

PeP-This test recognizes pentachlorophenol only and has a reporting limit
of 0.5 mg/kg.

Dioxin-This test is used to detect the presence of 2,3,7,8-TCDD only and
has a ,vvorting limit of 10 picograms/kg. The extraction for this screening
test is more complex than the simple methanol extraction used for the other
analyses; therefore, samples for dioxin screening will be seat to the
analytical laboratory for extraction and screening.

Monitoring results, as well as pertinent data concerning the sampling event, are
documented in a bound field book. Level 1 documentation will consist of the following:

Instrument identification
Calibration information (stam~ds used and results)
Date and time of calibration and sample measurement
Sample results

The logbooks will be reviewed by the vrL daily for completeness and correctness. No
additional documentation or data quality evaluation is required.
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3.2.2.2 Level 2-Screening l~_ !a

Level 2 screening data will be used by the project team to make informed decisions in the
field concerning implementation and execution of the work plan, as well as to evaluate
whether a release has occurred and to estimate the extent of contamination, l.~el 2 a~t~
differ from Level 1 data in that Level 1 is used to measure "bulk" characteristics of a
sample, while Level 2 analyses ate used to estimate the concentrations of selected
individual compounds.

Level 2 data quality will be used on this project to collect cost-effective (lower cost than
Level 3) quality data for use in decision making and in the risk assessment. The level 
data quality will be evaluated as outlined in Section 8 and the sample results will be
confirmed using Level 3 data.

EPA-approved methods will be used to analyze Level 2 samples. Level 2 data quality
samples will be analyzed using the same analytical techniques as Level 3 data. The
difference between Level 2 and Level 3 will be the frequency and target acceptance
windows for laboratory QAJQC samples. The same QA/QC samples will be analyzed for
Level 2 as Level 3; however, the QA/QC samples may be analyzed less frequently with
broader acceptance limits than with Level 3. For example, for VOCs or SVOCs by
GC/MS, for Level 2 an instalment tune check sample will be analyzed once every 24
hours rather than once every 12 hours as required for Level C. A comparison of the
Level 2 and Level 3 QA/QC requirements is provided as Appendix B.

Formal data package deliverables are not required for this level of data quality; however,
all instxument calibration and sample analysis activities must be documented and this
information retained by the laboratory. Data package dellverables may require
summaries of laboratory performance information (such as calibration), but the laboratory
must maintain all the corresponding documentation for at least 7 years. Data package
dehverables will include instrumeat calibration, sample, method blank results, and matrix
spike results. Example data packages will be included in the subcontractor
documentation.

Confirmation is critical for samples that are determined by field screening to contain
concentrations near the action levels. Approximately I0 percent of the samples will be
submitted to an analytical laboratory for additional Level 3 confirmatory testing.

3.2.2.3 Level 3-Laboratory Analyses

The purpose of Level 3 data is to provide the basis for evaluating Level 2 data and for
making decisions for further action, if needed, at each of the areas of investigation and to
broaden the characterization of contaminants. The TCL has been designed to fully
evaluate the potential for contamination from past site activities and to support a
preliminary risk evaluation. Only El)A-approved methods from SW-846, Test Methods
for Evaluating Solid Waste or EPA CLP methods will be used to analyze samples for



Levels 3 or 4. Level 3 data package deliverables include all the CLP-type QC summary
forms, but none of the unreduced experimental data, (summarized in Table 7-I).
Therefore, during the data quality evaluation p~, it is possible to evaluate the effect
of the overall analytical process on the usability of the data; however, it is not possible to
recreate the details of the analytical process or sample calculations.

TCI..s and reporting limits for Levels 2 and 3 data quality are included in Section 7.

Many of the OU-specific FSPs refer to Level 3 analyses as "TAL/TCL." This is a
common is~Se way of referring to the CLP SOWs lists for organic and inorganic
compounds. For this project, "TCL/TAL" refers to VOCs, SVOCs, pesticides, PCBs,
metals, and cyanide, but does not refer to dioxins. For TCI.YrAL analyses, the CLP
target compound lists and reporting limits will be used.

3.2.2.4 Level 4-Laboratory Analyses

Level 4 analytical methods are the same as Level 3; the difference botwec~ the levels is
in the data package deliverables. Level 3 derive.rabies include only the QC summary
information (typically provided on the CLP QC summary forms or functional
equivalents). Level 4 deliverables include the summary forms and all the unreduced,
experimental data. Therefore, it is possible for Level 4 data to completc.ty recreate the
entire analytical process and recalculate all of the calibration and sample results. For
Level 3, this information is summarized on the data sheets and used to evaluate
laboratory performance and potential matrix interferences.

There is a potential for Level 4 data to be required in the future at this facility. Samples
analyzed using Level 4 QC are analyzed using the same analytical methods as Level 3
samples, but different data pacl~ze dclivcrables are prodded, as discussed in this section.
Confirmatory samples will be analyzed using Level 3 QC, and no Level 4 is proposed at
this time. However, if in the future Level 4 information becomes necessary, this
information will be requested from the analytical laboratory.
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4.0 Field Sampling Procedures

4.1 General Sampling Requirements

The following general sampling requirements will be maintained:

¯ Prior notification of facility to obtain entry permits for personnel.

Field sampling teams will consist of a minimum of two individuals. One
person will collect the sample as the other monitors adherence to sampling
procedures, records any difficulty encountered, and documents other
information pertinent to the investigation.

To the extent feasible during sampling episodes, sampling activities in e’~¢h
medium will be conducted so that the sampling order will be from the area
of least contamination to the area of most contamination.

The preferred order of sample collection will be Slx~ified in the OU-
specific FSP.

Sample collection for chemical analysis will be performed with either
disposable sampling devices or decontaminated, stainless steel or Teflon"
devices. When composite samples are reqnired, the sample will be
homogenized in stainless steel bowls. ALl sampling equipment will be
decontaminated in accordance with the pr _#__ures outlined later in this
plan.

¯ Samples collected for VOC analysis wiU not be homogenized.

Precleaned sample containers will be provided by the analytical laboratory
except for the stainless steel sleeves used for soil sampling, which will be
decontaminated onsite. All sample container records will be maintained by
the analytical laboratory and will be available upon request.

A sample that is representative of the matrix being sampled will be
collected.

Sample integrity will be maintained from the time of sample collection to
receipt by the laboratory.

All field notes will be recorded in indelible ink on standard forms in bound notebooks.
daily field log will be completed by the I~’IL. This log will be signed and dated daily.
Significant events occurring during the day will be recorded and reported to the PM.
Daily communication is essential to evaluate whether timely corrective actions are

A
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nece~ry. The field notebook(s) must provide a place for the field team members to sign
and date the entries. The ~’rL must review all field notes.

4.2 Sample Blanks and Held Duplicates

The number of environmental and field QC samples to be collected are discussed in the
OU-speeific FSP. The three types of sample blanks-travel (trip) blanks, equipment
(fin.sate) blanks, and field blanks-along with field duplicates and split samples, are
discussed below.

4.2.1 Trip Bl~nks

Trip blanks are to be analyzed for VOCs only, and consist of sample bottles filled in the
laboratory with American Society for Testing and Materials (ASTM) Type II water, the
sample bottles are then seat to the sampling location with sampling kits. The specified
number of trip blanks are retomed from the sampling location with every shipment of
groundwater samples and analyzed for VOCs. One of these trip blanks will accompany
split VOC samples to the COE QA laboratory.

4.2.2 Equipment Blanks

Rinsate blanks for the groundwater ~amples are processed by rinsing decontaminated
sampling equipment with ASTM Type II water obtained from the laboratory. The rinse
water is collected in sample bottles, preserved, and handled in the same manner a~ the
samples. Split equipment blank samples of the rinsate will be seat to the COE QA
laboratory. Equipment blanks will be collected once a day for the equipment used during
sampling procedures.

4.2.3 Held Blanks

Field blanks are samples of source water used for decontamination and are used to
monitor the potential for contamination from the source watex. Field blanks will be
enllected once a week from each water source.

4.2.4 Held Duplicates

Field duplicate samples are collected to measure the prec~on of the sampling process.
The P’I’L will choose at least I0 percent of the total number of sample locations
previously known to contain moderate contamination, and will collect duplicate samples
from these locations. The source information will be recorded in the field notes, but not
on the chain-of-custody (COC) form prepared by the field team at the time of sample
collection. The identity of the duplicates will not be given to the analysts. The source
information will be forwarded to the QA reviewer to aid in the review and validation of
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the data. The source of the field duplicate for the QA samples will be clearly identified
on the COC form sent to the QA laboratory.

4.2.5 Split Samples

Split samples are used to calculate the precision of the sampling and analytical processes
by providing a measure of comparability between laboratories. Split samples will be
submitted to the contractor’s laboratory as QC samples and to the COB and EPA/IDEC
Laboratories as QA samples. Split samples will be coliected from 5 percent of the
samples collected at DDMI" for the purpose of a quality control check by the Corps of
Engineers’ laboratory in Missouri. Also, TDEC ~es the right to collect split
samples and to analyze these samples by the State of Tennessee laboratory. The contact
person at the COE laboratory will be notified at least 2 weeks in advance of the sampling
event at (402) A.A.A.-4304. The samples will be sent to the following address:

COE I.~horatory
Missouri River Division
420 South 18th Stx~et
Omaha, Nebraska 68102

4.2.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

MS/MSD samples will be collected and shipped to the laboratory for spike analyses.
Five percent of the samples collected will be accompanied by spike samples. However,
if a spike sample has not been collected in a 14-day time period, a spike sample will be
collected and sent for analyses.

4.2.7 Other Sample Blanks

Samples of the bentonite, sand, and mud used in the drilling process will be collected and
retained for future analysis, if nec~*~ary.

4.3 Field Documentation

Bound field log books will be maintained by the ~-tL and other f~m members to provide
a daily record of significant events, observations, and measurements during sampling
events. All entries will be signed and dated, All information percent to sampling will
be recorded in bound log books. Entries in the log book must include at least the
following:

Name and title of author, date and tim of entry, and weather/
environmental conditions during field activity

¯ Location of sampling activity
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Name and title of field crew

¯ Name and title of any site visitors

¯ Sample media (for example, groundwater)

¯ Sample coUection method

¯ Number and volume of sample(s) mkeq

¯ Date and time of collection

¯ Sample identification number(s)

¯ Sample distribution (for example, laboratory)

¯ Water level measurement data

¯ Field observations

¯ Any field measurements made, such aa pH, ~ture, and conductivity

¯ All sample documents such as:

Bottle lot numbers
Date, s and method of sample shipments
COC forms

¯ Sample handling (p~on)

AIJ original dam recorded in field log book, sample labels, and COC forms will be
written with waterproof, black, indelible ink. None of these accountable, serialized
documents a~e to be destloyed or thrown away, even if one is illegible or contains
inaccuracies requiring document replacement. If an error is made on an accountable
document assigned to one individual, that individual should make all conection~ simply
by crossing a line through the error, irfifiMing and dating the correction, and eatering the
correct information. The erroneous information should not be obliterated. Any
subsequent error discovered on an accotmtable document should be corrected by the
person who made the entaT. All subsequent corrections will be initialed and dated.

4.4 Sample Numbering and Containers

The FTL is responsible for proper sampling, labeling of samples, pre~rvation, and
shipment of samples to the laboratory to meet required holding times. Table 4-1
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Table 4-1
Required ~.mpl® Cemaln~. ~ aad Holdln8 Times

Dereme Depot Memphis, Te,me~e

Sample
Amdyses Matrix* Con~inert Quantity P~,a’vative** lioldin8 T’m~Je

VolaUle Orgamc Com~ W 40-mL VOA 3 Cool 4"C, 14 days

(sws~o) v~t~tt Ha, vH <2

S 4-oz Glm I Cool 4"C 14 dtys

Senavola~le Orgamc Con~ W I-L amber ghum 2 Cool 4"C 7140 days***

Pe~ttach]omphenol S I-L amber gbum 2 Cool 4"C 7140 days

(815D

BNAs (827013520) S 4-oz Glass ! Cool 4"C 40 days

PAIls (831013520) W 1-L amber glass 2 Cool 4"C 7140 days*~’

Pe~ticides/PCBs (808013520) W I-L amber glass 2 Cool 4"C 7/40 days***

S 4-oz Glass 1 Cool 4"C 40 days

Organope~cides (8150/3520) W I-L amber glass 2 Cool 4"C 7140 days***

Thtodyglycol (UI09) W 40-mL v/~tt 2 Cool 4"C 40 days

(LL09) S 8-oz Ghum 1 Cool 4"C 7140 days*s*

Metals (Total) (6010, 7000) W I-L polyethyleae 1 Cool 4"C, 6 numths
m~o,. pH <2

S 8-oz Glass 1 Cool 4"C 6 months

Metals (Dissolved) (6010. 7000) W 1-L polyethylene 1 Cool 4"C, 6 months
HN03, pH <2

Mercury (7470) W I-L polyethyleae 1 Cool 4"C, 28 days
l~qo,, pH <2

S 8-oz Glass 1 Cool 4"C 28 days

Chromium VI (7196) W I-L polyeihylme 1 Cool 4"C, 24 hours
HNO2, pH <2

S 4-oz GI~ I Cool 4"C 24 hours

Total Disr.olved Solids (160.1) W I-L polyethylene 1 Cool 4"C 7 days

"Sample matrix: S = Surface soil, subsurface soil, sediment;
W == ~watcr. surface water

~Gla~ containers w/ll be sealed with Teflon’t-lined screw cape.
**All samples will be stored p=umptly at 4"C in in.~.e,.,l chest.
ttvoc vies ~ be s~ded ~th TeflonS-eep~ secured screw caps.
***Extraction: 7 days for water, 40 days for amdysis.

Source: RI Report. 1990
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identifies the p~oper containers, preservation techniques, and maximum holding times
according to EPA SW-846.

4.5 Sampling Numbering System

A sample numbering system will be used to identify each sample collected during the
field investigation and for all blanks. The numbering system will provide a tracking
procedure to allow retrieval of information about a parti~h~r location and to monitor that
each sample is uniquely numbered. The t--rL will maintain a list of sample numbers.

4.6 Sample Chain-of-Custody

Sample custody and documentation procedures described in this section will be followed
throughout all sample collection at DDbfr. ComponenLs of sample custody procedures
include the use of field log books, sample labels, custody seals, and COC forms.
Examples of these arc present in Figures 4-1 and 4-2. Each person involved with ~mplc
handling will be trained in COC procedures before the implementation of the field
program. The COC form will accompany the sample during shipment from the field to
the laboratory. If samples are split and sent to different laboratories, a copy of the COC
form will accompany each split sample.

The information provided on the COC form will include the following:

The project name
The sampling station number or sample number
Date and time of collection
Grab or sample designation
A brief description of the type of sample and sampling location
Signature of individuals involved in the sample transfer
The time and date they receive the sample
Sample matrix
The analytical methods required

COC records initiated in the field will be placed in a ptastic cover and taped to the inside
of the shipping containers u_uM for sample transport from the field to the laboratory.
This record will be used to document sample custody transfer from the field sampler to
the laboratory.
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4.6.1 Sample Custody

A sample is under custody under the following conditions:

¯ It is in your actual possession; or

¯ It is in your view, after being in your physical possession; or

¯ It was in your physical possession and then you locked it up to prevent
tampering; or

¯ It is in a designated and identified secure area.

4.6.2 Sample Custody in the Field

The following procedures will be .u~d to document, establish, and maintain custody of
field samples:

¯ Sample labels will be completed for each sample, with waterproof ink,
making sure that the labels are legible and affixed firmly on the sample
container (see Figure 4-1).

¯ All sample-related information will be recorded in the project log book.

¯ The field sampler will xc~tain custody of the samples until they are
transferred or properly dispatched.

¯ During the course of and at the end of the field work, the field supervisor
determines whether these procedures have been followed, and whether
additional samples arc required.

4.7 Sample Shipment

Samples will be delivered to the designated laboratory. During sampling and sample
shipment work, the I’TL (or a designee) will contact the appropriate laboratory daily 
inform it of shipments. Hard plastic ice chests or coolers with similar durability will be
used for shipping samples. The coolers must be able to withstand a 4-foot drop onto
solid concrete in the position most likely to cause damage. Styrofoam or bubble wrap
will be used as packing material to protect the samples from br~Ee during shipment.
All water VOC vials will be shipped in the same cooler. After packing is complete, the
cooler will then be taped shut with COC seals affixed across top and bottom joints. Each
container will be clearly marked with "THIS END UP" arrows on all four sides and a
sticker containing the originator’s address. Figure 4-3 provides a schematic for proper
labeling of the cooler.
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The following procedures will be used when transfenfing the samples for shipment:

Samples are accompanied by a COC form. When Uansferdng the
possession of samples, the individuals relinquishing and _receiving will
sign, date, and note the time on the record. This record documents
transfer of custody of samples from the field sampler to another person, or
to the laboratory. Overnight carriers will be treated as a single entity and
a single signature will be required when the samples are delivered to the
laboratory.

Samples will be properly packaged for a shipment and dispatched to the
appropriate laboratory for analysis with a separate signed COC form
enclosed in each sample box or cooler.

Whenever samples are split with a government agency, a separate COC
form will be prepared for those samples and marked to indicate with whom
the samples are being split.

All packages will be accompanied by a COC form showing identification
of the contents. The original record will accompany the shipment, and a
copy will be retained by the ~TL.

4.8 Laboratory Sample Custody

The PTL will notify the laboratory of upcoming field sampling activities and the
subsequent transfer of samples to the laboratory. This notification will include
information concerning the number and type of samples to be shipped, as well as the
cxlx~ted date of arrival.

The following procedures will be used by the laboratory sample custodian in maintaining
the COC once the samples have arrived at the laboratory:

The laboratory will designate a sample custodian who is responsible for
maintaining custody of the samples and for maintaining all associated
records documenting that custody.

Upon receipt of the samples, the custodian will check the original COC
and request-for-analysis documents and compare them with the labeled
contents of each sample container for corrections and traceability. The
sample custodian signs the COC and records the date and time received.
The sample custodian also will assign a unique laboratory sample number
to each sample.

mgnO$-DDMT-WP2/OI3 WI~ 4-11 9/7/95
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Care is exercised to annotate any labeling or descriptive errors. In the
event of discrepancies in the documentation, the laboratory will
immediately contact the I-IL as part of the corrective action process. A
qualitative assessment of each sample container is performed to note any
anomalies, such as broken or leaking bottles. This assessment is recorded
as part of the incoming COC procedure.

If all data and samples are correct, and there has been no tampering with
the custody seals, the "received by laboratory" box is signed and dated.

The samples are stored in a secured area and at a temperature of
approximately 4"C, if nece~ry, until analyses are to begin.

Samples ate accompanied by a COC form. When transferring the
possession of samples, the individuals rcfinquishing and _rcc~__iving will sign,
date, and note the time on the record. This record documents wansfer of
custody of samples from the field sampler to another person, or to the
laboratory.

A laboratory COC form accompanies the sample or sample fraction
through final analysis for control.

Copies of the COC and request-for-analysis forms will accompany the
laboratory report and will become a permanent part of the project records.

4.9 Disposal of Derived Wastes

In the following sections, the disposal of de.rived wastes is discussed.

4.9.1 Purged/Development Water and Decontaminating Fluids

Development and purged water will be collected, stored, and analyzed (if required). The
discharge will be conducted in accordance with the DDMT industrial discharge permit
application (currently being applied for). The processed water will be collected in 
storage tank for disposal to the City of Memphis sanitary sewer system (consistent with
the permit). Solids will be allowed to settle out of the water before being transferred to
the u’eatment system.

4.9.2 Storage, Analysis, Treatment, and Disposal of Investigation-
derived Wastes

All monitoring well and soil boring cuttings will be collected and placed in DOT-
approved drams. A label will be affixed to each drum clearly indicating the boring
number and depth interval from which the cuttings originated. The site geologist will
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maintain a log detailing the disposition of cuttings from each hole. The drums will be
stored in the permitted Resource Conservation and Recovery Act (RCRA) storage area
pending the results of the chemical analysis (toxicity characteristic leaching p~__~_ure
[TCLP]), which will de~xmine the disposition of the contents (if they are de~,nined 
b¢ b~-~rdous or nonhaT~rdou$ by the toxicity characteristic).

4.9.2.1 Soil Waste

Analytical sample results from the investigation will be reviewed to evaluate whethez any
of the soil waste might exceed TCLP criteria. Upon completion of the dam evaluation, a
letter report will be submitted to DDMT detailing the drums that contain cuttings that are
nonhazardous and may be disposod of on*ite as fill. The sample from each drum will be
collected using a stalnle¢~ steel scoop and will be obtained immediately below the surface
material in each drum. No attempt will be made to obtain depth-integrated samplea from
within the drums because of the homoge~i-’~tion expected during filling of the drams.
Analysis of these samples will be at DQO analytical Level 3. Upon completion of
laboratory analysis, a report will be submitted to DDMT detailing those drums containing
cuttings that the should be considered b~Tardous waste (HW). The report will identify
options for treatment and disposal of the HW in accordance with applicable federal and
State of Tennessee regulations. The contents of the drums will be ideafified with a
composite representative analytical sample. Of parficnlar concern are cuttings with
metals (primarily arsenic, chromium, and lore9 contamination. The RI Report (tel 
retorted widespread occurrence of metals concentrations in both surface and subsurface
soils. A number of these samples were obtained from areas with no known source of
metals contamination.

Soil and cuttings from the decontamination basin will be collected in drums. The site
geologist will record the well number(s) from which decontamination sediments wca~
added to the drum. Labeling and handling of the drums from decontamination will
follow the same procedures as the drums of drill cuttings.

4.9.2.2 ClassOqcatlon and Disposal of Soil Waste

If the analysis of a soil sample indicates that organic compounds or metals exce~ either
federal or state TCLP limits (whichever is more stringent), then the drum(s) associated
with that sample will be considered HW and will be disposed in accordance with federal
and state requirements through the Defense P~utiliT~tion and MarkeAing Office (DRMO)
at DDMT. Drums containing cuttings that were recommended to be considered
nonhaT~rdous will be disposed only upon specific written instructions from DDMT.

4.9.2.3 Personal Protective Equipment and Disposable Equipment Waste

All disposable personal protective equipment (PPE) waste (gloves, coveralls,
decontamination supplies, protective coverings, respirator canisters, booties, and splash
suits) and disposable equipment (DE) waste (plastic ground and equipment covers,
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Teflon* tubing, conduit pipe, and aluminum foil) used during the study will be collected
and double bagged. PPE and DE wast~ arc generally classified as nonb~"~rdou$ wastes
(rcf. 31) and will be disposed in dumpsters at DDMT. This procedure is in accordance
with ReL 3 I.
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5.0 Field Procedures

5.1 Groundwater

Groundwater sampling efforts will be conducted to identify and evaluate contaminants in
the groundwater beneath and around DDMT. A summary of the quantity of samples to
be collccted and the parameters to be tested during chemical analysis is provided in the
OU-specific FSP. Table 4-1 provides minimum laboratory QC sample requirements,
including container type, container quantifies, preservatives, holding times, SW-846
Methods, and extraction and preparation methods for each parameter.

5.1.1 Groundwater Sample Locations and Rationale

Groundwater samples will be collected for chemical analysis from both existing and
newly constructed monitoring wells at DDMT. Collection and analysis of t;Lvandwatet
samples are planned for selected Memphis Light, Gas, and Water (MLGW) monitoring
wells in the Allen Well Field. These samples will be collected if groundwater analysis
from any of the optional wells (along Elvis Presley Boulevard) show that the
contamination has migrated from Dunn Field to the wells on FAvis Presley Boulevard. In
the event that recent groundwater data are not available from MI.,GW, efforts will be
coordinated with MGLW to obtain the necessary approval to collect and chemically
analyze groundwater samples from the Allen Well Field monitoring wells. Groundwater
samples from the wells will be analyzed for sevexal reasons: to characterize sites and to
evaluate the nature of releases from disposal sites at DDMT; to evaluate the vertical and
horizontal extent of a potential contaminant plume in the Fluvial Aquifer;, to evaluate
whether contaminants in the Fluvial Aquifer pose a Threat to the Memphis Sand Aquifer;,
and to obtain background water quality data (offsite and upgradient wells) for
comparative study. The specific rationale for collecting groundwatex samples from each
location will be provided in the OU-specific FSP. Additional samples to be an~lyved will
include equipment blanks, field dupficates, and samples of water from the wells. Split
field duplicates and split equipment blanks will routinely be sent to the CEMRD.

5.1.2 Groundwater Sampling Procedures

Before groundwater sample collection, static water levels in the monitoring wells will be
measured to calculate groundwater purge volumes. Water level measurements collected
for this purpose will be obtained within 24 hours of purging the monitoring well.

Groundwater levels used to consn’uct a groundwater potenfiometric surface map will be
collected within a 24-hour time frame, provided that barometric conditions remain
essentially the same. This will be determined by using a barometer during water level
measurements. The intent of this requirement is to obtain water levels during a short
time frame during which no significant barometric variations occurred (all readings within
0.25-inch mercury), and not to obtain water levels within a 24-hour period when



significant barometric variations did occur (r,~,tiugs gi’eatox than 0.25-inch mercury). All
water levels will be measured using a decontaminated, electronic water level indicator
with an accuracy of plus or minus 0.1 foot. Monitoring well sampling will generally
proceed from the potentially least contaminated well to the most contaminated well,
according to existing data.

To prevent contamination of sampling equipment by surface soils when the wells are
being purged or sampled, a plastic ground eloth wilt be placed beneath all sampling
equipment. Purging will be accomplished through the use a decontaminated stainless
steel submersible pump or Teflon* bailer. The discharged water will be monitored for
pH, temperature, and specific conductivity. Purging will continue until three to five well
volumes have been removed and the pH, temperature, and conductivity are stabilized
(three successive measurements are within 5 percent of one another).

The amount of purged fluid will be measured by filling graduated buckets or by using a
stopwatch and noting the flow rate of the pump versus ehpsed times. All water purged
from the wells will be permitted for discharge to the city sewer. Wells will be sampled
immediately after purging, if possible, but no later than 6 hours after purging. Wells that
recharge slowly will be purged dry and allnwed tO recharge to at least 80 percent of
initial well volume before sampling. If excessive time (greater than 10 hours) is required
for the glow recharging wells to recharge to 80 percent, it will be documented by the
FrL in the field log. To monitor that data is consistent, all welll will be sampled within
a 14-day time frame.

Clean disposable vinyl gloves will be used to handle all samples and equipment used for
purging and sample collection. Each well will be sampled with a Teflon* bailer
decontaminated according to p _rt-w2~__ur~ described previously. Precieaned bailers will be
wrapped in aluminum foil for transportation to DDbIT. A clean, braided nylon cord will
be used to lower each bailer into the well and will be discarded after each use. Care will
be taken to prevent contact between the bailer and line and the ground.

Samples will be collected in accordance with the guidelines furnished in the Pratt/ca/
Gutde for Ground Water Sampling (ref. 1) and the EPA Region IV ECBSOPQAM
(ref. 31). In accordance with EPA’s Environmental Servicea Division guidelines, care
will be talc~a to avoid aeration of the ~ample. The sample will be poured in a slow,
steady stream from the bailer to the prepared sample containers. The pme.ess will be
repeated as necessary to fill each container to the required volume. Field measurements
of pH, specific conduclance, and temperature will be conducted and recorded using
instruments that have been calibrated daily and decontaminated before each use.
Temperature will be measured immediately upon pouring the sample from the bailer into
a glass beaker.

Samples to be analyzed for VOCs will be conected first, to minimize the effects of
volatilization caused by disturbance of the water surface in the well. VOC sample
containers will be filled completely to the top of the container, leaving no air space above
the liquid. Before transport to the laboratory for analysis, samples will be preserved in



accordance with the guidelines in Table 4-1. Trip blanks will be included with each
container holding samples to be analyzed for V0Cs. Groundwater samples also will be
collected by EPA and state regulators on a regular basis throughout the project.

5.2 Soil

5.2.1 Surface Soil

Surface soil samples will be collected and analyzed to identify and to delineate
contaminants in the surface soils at sites and at some offsite locations (for background
sampling). A summary of the quantity of samples to be collected and the parameters to
be tested during chemical analysis is provided in the OU-specific FSP. Container type,
container quantifies, preservatives, holding times, SW-846 Methods, and extraction and
preparation methods for each parameter an: provided in Table 4-1. This section of the
QAPP identifies the general requirements and purposes for collection of surface samples,
including the field QA/QC methods.

5.2.2 Surface Soil Sampling Procedures

Surface soil samples will be collected using a clean stainless-steel hand auger or scoop to
retrieve soil from zero to 12 inches below ground surface Cogs). Any VOC samples will
be placed in the appropriate jars immediately upon collection. The remaining sample will
be thoroughly mixed in a stainless-steel mixing howl before being transferred to the
appropriate sample containers. Surface cover (grass and weeds) and debris (such as
broken glass and rocks) will be removed from the sample prior to placing in sample
containers.

5.2.3 Subsurface Soils

Subsurface soil samples from soil borings will be collected for chemical analyses from
both soil and monitoring well borings installed for this study. Sample~ will generally be
sclccted on the basis of historical data results, field screening during sampling, or both.
The overall purpose of this sampling effort will be to characterize the subsurface
conditions by providing soil samples for chemical analysis to determine the nature and
extent of rcl~ of h~7~rdous substances to the environment from waste disposal sites
on DDMT, as well as the vertical and horizontal extent of such contamination in the
subsurface soils; to evaluate soil lithology and subsurface stratigraphy; and to help
characterize the potential hydraulic intercermection between the Fluvial Aquifer and the
Memphis Sand Aquifer on the Main Installation. Soil samples also will be collected for
geotechnical lab analyses. Locations and justifications for sample collection, including
background samples and offsite locations, are provided in the OU-spccifi¢ FSPs.
Additional samples to be analyzed include equipment blanks and field duplicates (to fulfill
QA/QC requirements) and samples from soil cuttings to determine disposal requirements.
Split field duplicates and equipment blanks will routinely be sent to the CEMRD
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laboratory. Trip blanks will be included with each container holding samples to be
analyzed for VOCs.

5.2.4 Subsurface Soil Sampling Procedures

Three types of subsurface sod samples will be collected-vertical (shallow) soil borings,
vertical (deep) soil borings. The specific number of samplc~ for chemical analysis and
depths of collection arc discussed in the OU-specific FSPs. However, in general, one
soil sample will be collected from the first 12 inches for all borings, from an intermediate
depth based on field screening, and from the saturated zone of some vertical (deep)
borings for geotechnical analyses. Soil samples will collected on the basis of visual or
organic vapor analyzed/photoioni,ation detector (OVMPID) field scmeming. So’d samples
will be stored in airtight containers and shipped daffy to the laboratory for analysis.
C-eotechnical sample collection and analyses arc discussed in Section 5.4. The gen~al
analyses include grain size, moisture content, and A~berg limits. Grain size analysis
wiU be performed on the aquifer material. Atte.rb~s will be performed on the fine silty
to clay material. If the confining layer at the base of the Fluvial Aquifer is penetrated,
Atterberg limits will be performed on the retrieved sample to evahmm the condition and
character of the clay. The final decision to collect a sample from a certain zone will be
at the discretion of the feld geologist. This decision will be documented in the field log.

5.3 Surface Water and Sediment Samples

Surface water samples wiU be collected and analyzed to dct~mine whether storm waters
are contributing to the degradation of the Golf Course Pond and l~lm. Da~ieJ~on and to
determine if sites at DDMT are affecting the qlmlity of storm water runoff waters leaving
the installation. Specific location criteria and analysis will be identified in the appropriate
OU FSP. Sediment samples will be collected from the same location as surface wa~r
samples to the extent possible. Collecting sediment and surface water samples from the
same location will be easily accomplished at l ~im Danielson and at the Golf Course
Pond. However, it may not be possible for some of the storm water drainage channels.
The samples will be mk~a from various locations around DDMT and will be used to
further define sites previously identified in the RI Report (rcf. 7) and the RFA (rcf. 
and to help characterize any possible sources for contaminants found in Lake Danielson,
in the Golf Course Pond, and in storm water drainage channels.

5.3.1 Surface Water Sampling Procedures

After a rainstorm with at least 0.2 inches of precipitation, when quantities of surface
water/runoff are sufficient for collection, samples will be collected for chemical analysis.
Sampling locations arc identified in the Off-specific FSPs, which arc considered
representative of surface water runoff from the installation. These samples will be used
to determine whether storm waters are contributing to the degradation of the lakes and
runoff waters leaving the installation. Samples may be collected from storm drainage
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ditches will be a single grab sample taken at mid-depth from the center of the channel.
Samples collected from l~lm Daniclson and from the Golf Course Pond. If so, they will
be collected from the estimated deepest point of the l~ke or pond and, with the exception
of the volatile sample, will consist of single veCdcal composite (depth integrated)
samples. The vertical composite samples will be taken using a decontaminated stainless
steel Kemmercr sampler or bailrs. The physical water quality parameters of specific
conductivity, ternS, pH, and dissolved oxygen will be measured at each sampling
point. Specific conductivity, temperature, dissolved oxygen, and pH will be measured
with an electronic meter. The first draw of sample will placed into the VOC containm’s
immediately if a bailer or Kemmerer sampler is being used. An Aliquot will be placed in
each container from ~ch subsequent draw until the bottles are filled.

Samples will be collected from the surface directly into the container where the column
of water is less than 1 foot deep and when no pr~=s,-nratives are required in the sampling
bottle. Samples requiring p~o,,ativeS will be collected in a spare bottle that has been
rinsed twice in the water to be .sampled. The sample collected will then be tran~erred to
the appropriate container. Sediment samples will be collected at the location of all
surface water samples unless the sample is obtained from a concrete-lined drainage ditch
with no accumulated sediment. If sediment samples are also to be collected, the surface
water samples will be collected first Care will be taken to prevent disturbance of the
sediments in the stream, lake, or pond.

5.3.2 Sediment Sampling Procedures

Samples of sediment from the drainage ditches will be collected ,,~ng a stainless steel
scoop. The samples will be collected when there is no flow in the ditch or when the flow
allows wading to the sample location. Field judgment will be exerciuxi when collecting
sediment samples. The depth of sampl~.g will be limited to zero to 12 inches for surface
sediments. Smaller intervals may be used to limit sampling to sediments rather than
native soil. The sampling interval will be documented in the field logbook. If there is
flow in the stream, the sample location will be approached from downstream of the point
facing into the current. All non-purgeable organic samples will be thoroughly mixed in a
stainless steel mixing bowl before being transferred to the appropriate sample container.
Sediment samples that ate m be analyzed for VOCs will be immediately placed in the
appropriate sample container and filled completely. No head space will remain in the
sample container.

5.4 Soil Boring and Monitoring Well Drilling Procedures

5.4.1 Permitting and Design of Monitoring Wells

The design and construction of monitoring wells will follow (as closely as practical) the
design criteria presented in the Handbook of Suggested Practices for the Design and
Installation of Groundwater Monitoring Wells (ref. 37) and EPA Region IV ECBSOPQAM

m~n9 $ - DDMT-WP2/013 .WI~ 5-5 9/7/95



7,42 209

(ref. 31). Diagrams of typical, well construction details am shown in Figures 5-I and
5-2. Drilling and field personnel will have all applicable star, and local certification
required for drilling. DDMT will be responsible for obtaining the required entry permits
for offsite locations. Additionally, Figutr~s 5-3 and 5-4 show the construction deaails of
the proposed Memphis Sand Aquifer Monitoring Well (Section 4.6 of the OU-4 FSP).

5.4.2 Installation of Monitoring Wells and Soil Borings

The procedures described below will be followed for monitoring well installation and soil
borings.

5.4.2.1 General Requirements

The drilling conU’actor will provide all drilling equipment, materials, and personnel
required to install the monitoring wells and soil borings. A qualified geologist or
geotechnical engineer will be onsite for all drilling, installation, development, and testing
activities.

5.4.2.2 Protection of Water-yielding Zones

Water will be used during drilling only when absolutely necessary for successful
installation of the well. During the drilling of wells at DDMT for the RIFFS, a zone of
flowing sand was encountered in some boreholes. This zone made removal of the auger
from the hole difficult, especially when it was leR in overnight. In such an instance,
water or an additive may be necessary to keep the hole opea. If water is required during
drilling or well installation, only non-elflorinated potable water will be used. If an
additive is required, only pure bentonite will be used. Any proposed use of water or
bentonite will be cleared through tbe CEHND Contracting Officer before use. Grease or
oil on drill rod joints will not be permitted; neither will dispersing agenh such aa
phosphates or acids. Toxic and contaminating substances will be prohibited during any
part of the drilling, well installation, or well development activities. No attempt will be
made to chemically disinfect the well.

All drilling activities and methods will be performed to prohibit the introduction of
contaminants from one zone to another, particularly from the Fluvial Aquifer to the
Memphis Sand Aquifer. Monitoring well borings intended to penetrate the Memphis
Sand Aquifer will be completed with an isolation casing that will be pressure-grouted to
approximately 3 ft into the confining layer. The grout will be allowed to set for a
minimum of 24 hours before advancing the borebole and installing a monitoring well.

When material is removed from the confuting unit for confirmation or laboratory testing
from a soil boring, the base of the bore.bole will be back:filled using tremie pipe to pump
pure bentonite containing at least 20 percent solids to the top of the confining unit.
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5.4.2.3 Drilling Techniques

Drilling techniques will be followed as dc..~cribed below.

Soil Borings. The DDMT soil borings and monitoring wells will be installed using
hollow stem auger (HSA), mud rotary (MR), water rotary (WR), rotosonic, or another
EPA-approved alternative drilling technique.

It is acknowledged that the HSA technique is preferable for installation of the monitoring
wells and will be used whenever possible. As stated previously, a zone of flowing sand
has been eacountared during previous drilling operations at DDMT. H the auger
becomes ineffective in the sands, a center plug will be used. If the center plug is
ineffective, WR will be used. MR will be used only as a last resort. The drill rigs will
install a minimum 7-inch-diametex borehole to facilitate installation of 2-inch inside
diameter (ID) ~ng and screens for the Fluvial Aquifer monitoring well q. H soft
borings and monitoring wells arc to be installed in the Memphis Sand Aquifer, a larger
diameter boring will be drilled for installation of the isolation ca~ing. The drill rig will
have the capability to collect spllt-stx~n samples according to ASTM procedures. At a
minimum, the rig will be equipped with a cathead-operated, 140-pound hammer with a
30-inch draw.

Hollow Stein Auger Technique. When a boring is advanced using HSA, the following
protocol will be followed to install the well (-~si,g and screen in the shallow wells:

Install the 2-inch screen and riser through the HSAs with enough riser pipe to
extend the well casing about 2 ft above the ground surface.

Install an artificial sand pack through the annular opening, using a tremie pipe.
Water in small amounts may be used to prevent bridging of the sand in the
annulus.

¯ Remove hollow stem augers in increments as the annulus space fills with sand.

Continue installing sand pack until it reaches at least 2 fl above the topof the
well screen.

Install a minimum 2-foot pure bentonite seal of at least 20 percent solids using
a tremie pipe.

¯ Remove HSAs from boring.

Grout boring annulus to within 2 ft of ground surface using a tremie pipe and
high solids pure bentonite grout. Install steel security cap and a 3-foot by 3-
foot by 6-inch concrete pad with proteclave posts if the well is in a high-traffic
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area. The grout will be allowed to set a minimum of 48 hours before
developing the well.

Water Rotary Teehnlque. When a boring is advanced using WR, the following protocol
will be followed to install the well casing and screen the shallow wells:

¯ After termination of boring, all drilling rods will be removed.

Install the 2-inch screen and riser, with enough riser pipe to extend about 2 ft
above the ground surface. Centralizers may be necessary to center the pipe in
the borehole.

Install the sand pack with a tremie pipe from the bottom of the boring until at
least 2 R above the well screen.

¯ Install a minimum 2-foot pure bentonite seal with at least 20 percent solids.

Grout boring annulus to within 2 fl of the ground surface using a tremie pipe
and high solids, pure bentonite grout. Install steel security cap and a 3-foot by
3-foot by @inch concrete pad with protective pests if the well is in a high-
traffic area. The grout will be aLlowed to set a minimum of 48 hours before
developing the well.

Mud Rotary Technique. When a boring is advanced using MR, the protocol described
below will be followed to install the well casing and screen in the shallow wells:

¯ After termination of boring, all drilling rods will be removed.

Install the 2-inch screen and riser, with enough riser pipe to extend about 2 fl
above the ground surface. Centralizers may be n~e~ry to cent~ the pipe in
the bore.hole.

Remove the mud cake from the boring well by pumping potable water through
the well riser and screen.

Install the sand pack with a tremie pipe from the bottom of the boring until at
least 2 R above the top of the well screen.

¯ Install minimum 2-foot bentonite seal.

Grout boring annulus to within 2 ft of ground surface using a tremie pipe and
high solids pure bentonite grout. Install steel security cap and a 3-foot by 3-
foot by 6-’inch concrete pad with protective posts. The grout will be allowed to
set a minimum of 48 hours before developing the well.
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Rotasonic Drilling (RD) Technique. When a boring is advanced using RD, the
following protocol will be followed to inslzll the well casing, screen, and cover for the
shallow wells:

At the termination depth of the boring, the inner drill pipe and core barrel
containing the soil sample (typically up to 10 fl in length) are removed.

Install the 2-inch monitoring well casing and screea through the outer drill pipe
(usually 6- or 8-inch ID) using enough casing (riser) that the well extends about
2 feet above the ground surface.

Install an artificial sand pack through the annular opening using a 1- or 1.5-inch
tremie line. The drill pipe and well casing can be vibrated to minimize the
potential for bridging of the sand in the annulus. Water in $1nall amounts may
also be used to minimize the potential for bridging.

Remove the outer drill pipe in increments and allow the annular space to fill
with sand. Repeat this process until the sand extends at least 2 feet above the
top of the well screen.

Install a minimum 2-foot bentonite slurry seal containing at least 20 percent
solids into the annular space using a tremie pipe. Granular bentonite (pellets or
chips) may be slowly poured into the annular space as an alternative to the
bentonite slurry. If granular bentonite is used, the drill pipe and well e-~ing
can be vibrated to minimize the potential for bridging. Potable water should be
used to hydrate the pellets or chips if the bentonite interval occurs above the
water table. A minimum of 4 hours should be allowed for the bentonite to
hydrate before grouting the remaining annular space.

Grout annulus to within 2 feet of ground surface using a tremie pipe to pump a
neat cement-bentonite sealant in the annular space. During the placement of the
grout above the bentonite seal, the outer drill casing is incrementally removed,
allowing this material to completely fill the allnulnr space.

Install a locking s!eeJ security cover within a 3-foot by 3-foot by 6-inch
concrete pad. A minimum of three high-visibility steel protective posts will be
installed around the concrete pad if the well is in a high-Wa_ffic area. The grout
within the annular space of each monitoring well will be allowed to cure a
minimum of 48 hours before beginning well development.

5.4.2.4 Borehole Abandonment Procedures

Upon completion of each borehole, or if for any reason a well must be abandoned during
drilling, the abandonment will follow the procedure as outlined in Section E.8.1 of EPA’s
ECBSOPQAM (ref. 31).

mgn05 -VOhrr-~cP2JO 13 WP5 5-13 9:7/95



742 2i3

5.4.2.5 Well Design

Well Riser and Screen. The OU-specifi¢ FSP will dictate the req~ts for each
speoiflc proposed monitoring well. In general, the risers and screens ~ in well
construction will be made of polyvinyl chloride (PVC) (meeting National Sanitation
Foundation [NSF] Standard 14). PVC is preferred to stainless ste@.l where: possible
because all of the existing monitoring wells at DDMT have PVC screens and risers. To
have comparable results, wells that will be installed should be constructed with sil~ilar
materials.

Additionally, previous analytical results from existing monitoring wells at DDMT indicate
that contamination is not affecting well materials. There has been no indication of
degradation of the well materials resulting in well failure or leaching of organics from the
well materials. Thus, the saraple and data quality will not be adversely affected by ,,~ing
PVC.

Continued use of PVC for well construction materials will provide water samples that
will be consistent with samples from the existing monitoring wells without sacrificing
data quality. This approach is consistent with technical information provided in Ref. 33,
an EPA report concerning the selection well matexials and contaminants, and Ref. 34, a
COE report documenting surface changes in well casing pipes exposed to high
concentrations of organic compounds. However, if DNAPL concentrations are detected
during drilling operations or if contaminants are present in concentrations that degrade
PVC well casing materials (ref. 41), then stainless steel will be used as the well
consU’uction material in the area of DNAPL concentration.

Riser. Wells instaUcd in the Fluvial Aquifer will be constructed of new threaded, flush
joint, PVC pipe with a nominal 2-inch diameter. Well risers wiU conform to the
requirements of ASTM-D 1785 Schedule 40 pipe and NSF Standard 14 PVC, and will be
clearly identified as such. Any Memphis Sand Aquifer wells will consist of new
threaded, flush joint, Schedule 80 PVC pipe with a nominal 4-inch diameje.r and will
conform to NSF Standard 14.

Screen. The well screens will be a minimum of I0 ft long and will be constructed of
ink- and printing-free PVC material similar to the well riser. The screens will be non-
contaminating, factory-constructed, continuous wrap or mill-slot design, with a slot size
of 0.010 inch to minimize the volume of silt and sand entering the well. This slot size is
compatible with the results of the sieve analysis of existing wells shown in Appendix C of
the RI Report (ref. 8). The mean grain slze for the samples from the Fluvial Aquifer
ranged from 0.0075 to 0.II inches, with most samples in the range of 0.012 to 0.032
inches. Most of the wells had a coefficient of uniformity less than 3 and a curvature of
less than 2. The screens in the existing wells are also of the same slot size. The wells
have functioned satisfactorily. A 20/40 filter pack will be used in the wcU installations.
This screen and filter pack combination will minimize the sediment entering the well,
while a11owing adequate flow for rapid purging and sampling of the monitor wells. To
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confirm the compatibility between the screen and the aquifer material, sieve analysis will
be performed on at least one representative sample of the aquifer in which the screen is
placed. The sieve analysis will be conducted in accordance with ASTM-C 117 and C
136. The results will be submitted in the field boring logs.

Screen Location. Wells will be constructed so that base of the screen is near the top of
the confining unit between the Fluvial and Memphis Sand aquifers. The proposed screen
length is 10 feet. The placement of well screens near the base of the Fluvial Aquifer is
consisteat with the nature of the contaminants of concern. Floating constituents have not
been encountered and are not expeeted during this project. The potential contaminants of
concern include solvents such as l,l,2,2-Tetrachloroethane; 1,1,2-Trichloroethane;
l,l-Dichlorocthene; carbon tetrachloride; and trichloroethene, as weal a3 metals such as
arsenic, barium, lead, chromium, and nickel. None of these substances occur or are
extx~ted to occur as a floating product or dense layers within the aquifer.

Joining Screen and Riser. Screen and nser sections will be joined by threaded, flnsh-
joint couplings to form watertight unions that retain 100 percent of the strength of the
screen. Solvent glue will not be used at any time in constraction of the wells. The
bottom of the deepest screen or casing section will be sealed with a threaded cap or plug
of inert, non-corroding material similar in composition to the screen.

Well Plmnbness and Alignment. All risers and screens will be set plumb and true to
line. The monitoring well screen and riser pipe will be held in the center of the hole by
the augers during the installation of the annular materials. CefltraliT.~s will be
where necessary to calculate plumbness and alignment of the wells (generally for wells
that exceed 80 fl in depth). It can be assumed that centr~liTe..rs will be used for wells in
the Memphis Sand Aquifer. Centralizers will not be attached to the well screen. The
lowest centralizer attachment will be a minimum of 10 ft above the top of the well
screen.

lrdter Pack. Silica sand will be used as the filter pack material. Only clean, inert silica
sand of 20140 or similar gradation will be used to construct a uniform and continuous
filter pack. This filter pack is slightly finer than would be typically used in material with
the reported grain size distribution of the Fluvial Aquifer. However, this difference will
not alter the well efficiency and will provide an effective connection with the aquifer.
The pack will be designed to prevent migration of fines into the screen. The existing
wells are constructed of similar-sized material. The filter pack will be placed by tromie
pipe from the base of the boring to approximately 2 ft above the well screen. If the
boring penetrates the confining layer, bentonite will be used to backfill the portion of the
confining layer penetrated by the auger.

Bentonite Seal and Grout. A minimum 2-font bentonite pellet seal will be placed into
the annular space between the riser and the boring wall at the top of the filter pack. The
bentonite will be tremied in place to prevent "bridging." A bentonite grout mixture,
consisting of a coarse-grained, high solids bentonite grout of at least 20 percent solids
pure bentonite (Baroid Benseal, American Colloid, Volclay, or equal), will be placed
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from the top of the bentonite seal to within 2 feet of ground surface. The grout will
contain a minimum of 20 percent solids and be mixed in tim field with clear water in
accordance with manufacturer’s specifications. The upper 2 feet of the annulus will be
filled with cement grout, as shown in Figm’es 5-1 and 5-2.

Soil Samplin~ for Gente~hnlenl Analysis. During drilling, soll sample, will be
collected and geotechnical analysis will be performed aa outlined below:

Soil samples will be taken continuously for the first I0 fl, and then at 5-foot
intervals thereafter.

Sampling will be done with a split-spoon sampler (ASTIVI-D 1586-67) or thin
wall sampler (ASTM-D 158%74) using standard sampling techniques.

Samples will be stored in labeled, air-tight plastic or glass containea’s until such
time aa they are needed for testing or the contract is complete.

All soil samples will be visually classified by the Unified Soil Clasdfication
System. The field classification will be verified by laboratory analyses
consisting of the following:

Shelby robe samples will be collected from specific wells and borings
identified in the OU-specific FSPs. These sample, will be collected and
tested using Standard Triaxial Permeability methods developed by the COE
(Engineering Manual II10-2-1906, 1986) (ref. 39) to determine ff 
confining unit is capable of allowing contaminants to migrate to the lower
aquifer:

a. Grain-size distribution (ASTM-D 421 and 424)
b. Atterberg limits (ASTM-D 423 and 424)
c. Moisture content (ASTM-D 2216)
d. Triaxial permeability (EM 1110-2-1906, 1986)

Specific depths for samples to be tested will be determined by the field
geologist after reviewing rite bering logs.

Protection of Well and Surface Completion. Precautions will be takf.a to prevent
tampering with monitoring wells or the entrance of foreign material into the well. Upon
the completion of each well, a vented cap will be installed to prevent material from
entering the well. A protective steel casing will be placed around the well riser. The
steel casing will be equipped with a cap and lock and will be between 24 inches and 36
inches above ground level. It will be taller than the enclosed well. Depending on the
location (offsite versus onsite), wells may be set in a protective casing much closer to the
ground (flush-mounted) to reduce the attraction for vandalism. At a minimum, a 3-foot-
square, 4-inch-thick concrete pad will be constructed around the protective casing at

~=95-vv~rr-w’~on3 w~ 5-16 9r7/95



7.42 Z

ground level and sloped away from the well. The portion of the pad around the well will
be set a minimum of 3 inches in the ground. Three, 2-inch or larger diameter steel posts
will be equally spaced armmd the protective casing and embedded in the concrete pad.
There will be no openings in the protective casing wall below its top. The top of the
well riser, as opposed to the well casings, will be notched on the north side, which will
be the point where the elevation is established. The elevation will be to the closest 0.01
foot. All outside casing will be pexmanently identified with the well number. A survey
marker will be permanently placed in each pad. Each survey marker will be stamped
with the identifying number according to the directions of the survey section in this
QAPP. Protective ca.qings and steel posts will be primed and painted with two coats of
tramc yeUow paint.

Temporary Capping. Any well that is to be temporarily removed from service, or left
incomplete because of delay in construction, will be capped with a watertight cap and
equipped with a vandal-proof cover.

5.4.2.6 Field Logs

The field geologist or geotechnical engineer will maintain suitable field logs detailing
drilling and well construction activities. One copy of each field log, including the
required color slides, will be submitted to the Contracting Officer not longer than 10
calendar days after each well is completed. Information provided in the logs will include
the following, as a minimum:

¯ Reference point for all depth measurements

¯ Depth of each change of stratum

¯ Thickness of each slxatum

Identification of the material of which each stratum is composed according to
the Unified Soil Classification System, or standard nomeaclature, as nece-~ary

Depth interval from which each formation sample was takon, and condition of
sample (such as wet or dry)

¯ Depth at which hole diameter (bit sizes) change

¯ Depth at which groundwater is first encountered

¯ Depth to the static water level

¯ Total depth of completed well

¯ Depth or location of loss of drilling fluids (if used)
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¯ Location of any fractures, joints, faults, cavilies, or weathered zones

¯ Depth and thickness of grouting or ~o-~ling

¯ Nominal hole diameters

¯ Amount of cement used for grouting or sealing

¯ Depth and type of well casing

Description (to include length, location, diameter, slot sizes, material, and
manufacturer) of well screw(s)

¯ Any sealing-off of water-bearing strata

¯ Static water level upon completion of the well and after well development

¯ Drilling date or dates

¯ Construction details of monitoring well

¯ Wcll development notes

Final Logs. Photocopies of the original field logs will be included in an Appendix of the
final report. Additionally, the field logs will be edited (for spelling and grammar) and
drafted for inclusion into the final report.

5.4.2.7 Well Development

After each well has been constructed, but no sooner than 48 hours after grouting is
completed, the well will be developed by pumping or surging, without the use of acids,
dispersing agents, or explosives. Development will continue for a minimum of 4 hours
or until groundwater removed from the well is clear and free of sand and drilling fluids,
and parameters (such as pH, temperature, and conductivity) arc stabilized to less "than 
percent fluctuation between three successive readings. Other than formation water from
the particular well, no other liquid will be introduced into the well. ARea" final
development of the well, approximately 1 liter of water will be collected (from the well)
in a clear glass jar and photographed in front of a standard color chart with 35-mm color
slide film. The jar will be shaken immediately before being photographed to display any
suspended solids. The photograph wiU have enough close-up lighting to show the clarity
or turbidity of the water. The slides will be submitted as part of the well log.

mB rags "DDM’TAV1v~O 13 ¯ V~Ip~ 5-18 9/’7/95



5.4.2.8 In-Situ Permeab;_!~__a_es

The hydraulic conductivity of the water-bearing zone in which each monitoring well is
screened will be estimated using a rising head pneumatic slug test method. This slug test
method will allow testing to be performed quickly, and nearly instantaneous removal of
the pneumatic slug will eliminate much of the noise in the very-early-time data that is
often present in manual slug test methods in transmissive aquifers.

5.4.2.9 Decontamination Procedures

A stringent decontamination and inspection program will be followed to prevent the
introduction of any contaminants into the subsurface during drilling. A decontamination
area for the cleaning of drilling equipment will be set up away from the driU site. After
cleaning and decontaminating, all drilling equipment and sampling tools will remain off
the ground on metal racks, metal sawhorses, or plastic sheeting until ready for use.

Drill Rig and Tools. All the drilling rigs and drilling equipment will be stem cleaned
in the designated cleaning/decontamination ar¢~ before entering the drill site. In addition,
all downhole drilling, sampling, and associated equipment will be cleaned and
decontaminated by the following procedure:

Steam clean using a steam cleaner capable of generating a pressure of at least
2,500 pounds per square inch (psi) and producing a steam of at least 20°F. All
equipment that is hollow or that has holes to transmit water or drilling fluids
will be cleaned inside and outside.

¯ Rinse with potable tap water.

¯ Rinse with de-ionized water from a stainless st_e,e_! container.

¯ Rinse with pesticide grade isopropanol from a stainless steel container.

¯ Air dry.

Wrap with aluminum foil, if appropriate, to prevent contamination if equipment
is going to be stored or transported.

All cleaning and decontamination will be conducted in a designated area lined with heavy-
duty plastic. A catch basin will be used or constructed to contain all runoff until it can
be placed into containers. The cleaning of drilling equipment (drill pipe, auger, and
tools) will be conducted above the plastic sheeting on saw horses or other appropriate
means.

All of the drilling equipment, including the drill rig, will be instg~tod before entering the
site to monitor whether there are fluids leaking and whether all gaskcm and seals are
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intact. No oil or grease wig~be used to lubricate drill stem threads or any other drilling
equipment being used over tile borebole or in the bore.hole without prior approval.

Soil and Sediment Sampling Equipment Decontamination. All the soft and sediment
sampling equipment not associated with the drill rig and drilling will be decontaminated
by personnel wearing disposable latex gloves or vinyl gloves and using the following
procedure:

¯ Wash with tap water and laboratory grade, non-phosphate detergeat, using a
brush if necessary to remove particulate matter and surface films.

¯ Rinse with tap watex.

¯ Rinse with de-ionized water.

¯ Rinse twice with pesticide grade isopropanol.

¯ Rinse with organic-frce water n(.q.0.t deiouized or distilled water).

¯ Air dry.

¯ Wrap with aluminum foil, if appropriate, to p~vent contamination if equipment
is going to be stored or transported.

¯ Water used in decontamination operations will be disposed of as is purge water.

Surface Water Snmplin£ Equipment DeeoDtamination. All of the stlrfa(~ water
sampling equipment will be decontaminated by personnel wearing disposable latex gloves
or vinyl gloves and using the following procedure:

¯ Wash with tap water and laboratory grade, non-phosphate detergent, using a
brush if necessary to remove particulate mau~r and surface films.

¯ Rinse with tap water.

¯ Rinse with de-ionized water.

¯ Rinse twice with pesticide grade isopropanol.

¯ Rinse with organic-frce water (not deiouized or distilled water).

¯ Air dry.

¯ Wrap with aluminum foil, if appropriate, to prevent contamination if equipment
is going to be stored or transported.

219
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¯ Water used in decontamination operations will be disposed of aa is purge water.

Groundwater S~umpllng Equilmleat Decontamination. With the following exceptions,
all groundwater sampling will be conducted with disposable sampling equipmeat (such aa
disposable bailers and disposable rope) that requi~ no decontamination.

Elcvatio. tapes will bc decontaminated using the following procedure:

¯ Wash with tap water and laboratory grade, non-phosphate detergent, using a
brush if necessary to remove particulate matter and surface films.

* Rinse with tap water.

¯ Rinse with de-ionized water.

¯ Air dry.

¯ Wrap with aluminum foil or seal in a pLastic bag.

Submersible pumps and hoses used to purge groundwater wells will be decontaminated
using the following procedures:

Flush the hose using laboratory grade, non-phosphate detexgem, followed by
scrubbing the exterior of the hose with a brush.

¯ Rinse the exterior of the hose with tap water followed by pumping tap water
through the hose.

¯ Rinse the exterior of the hose and pump with dr-ionized water.

¯ Place equipment in a polyethylene bag to prevent contamination.

5.5 Geophysical Survey and logging

5.5.1 Natural Gamma Logs

Although MW-36 and MW-37 arc double ca~,d, ther~ is a concern that they may
represent a pathway for migration of potentially contaminated water. Either a dual
density (gamma-gamma) or an acoustic velocity log will be conducted in the two wells
currently screened in the Memphis Sand Aquifer (MW-36 and MW-37) to measure the
density of the grout, to determine the location of the Filter pack relative to the confining
unit (the filter pack will have a lower density than the bentonite seal), and to determine 
the grout is effectively sealing the upper aquifer from the lower aquifer.
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Gamma-gamma and acoustic velocity are the only geophysical methods available to
determine the soundness of the grout inside a small boreholc with a 2-inch--diameter well
casing. Be~,,~ of the accuracy and the h~k of a nuclear source, the acoustical method
is the p~ferred method. However, because the probe used in the acoustical method has a
diameter of 1 1/16 of an inch, the weal c.Jglng must be perfectly round and free of any
interior abnormalities (such as scaling or ridges). If interior abnormalities are
encountered, the gamma-gamma method will have to be employed.

Geophysical logging service companies must maintain ficenses from the Nuclear
Regulatory Commission (NRC) to operate and transport a nuclear source. Part of their
license requirements includes preparing a company health and safety plan. This plan
includes safe handling training for their employees, quarterly testing of their equipment,
and training regarding safe shipment of the sources. Part of the employee Waining
includes provisions that do not allow untrained personnel to operate or be near a source
whcn it is onsite. When implementing the health and safety plan, the area where the
source is used is roped off and untrained personnel are not allowed within that exclusion
zone. The service company’s health and safety plan will be followed when that company
is onsite, as described in Section I0 of DDMT’s HASP.

In addition to the precautions that service companies rake to maintain their license, they
are subject to an audit from the NRC (or from the agreement state that impleraen~ the
NRC rules) while they are onsite.

Natural gamma logging will be performed on six existing wells to help identify the depth
to the lackson/Clalbome confining unit. Because the existing monitoring wells are
constructed with 2-inch-diameter PVC, natural gamma logging is the only applicable
logging method. Other viable alteroative$ require a larger diameter casing. These logs
will be prepared by lowering a natural gamma radiation detector into the well or borehole
and recording the amount of naturally occurring gamma radiation present as a function of
depth. Clay minerals commonly contain the isotope pot~cium-40, which is typically the
source of gamma radiation. Natuzal gamma logs will be used in determining the
proportion of clay present and the depth to formation interfaces.

The six existing wells to be logged are the two wells into the Memphis Sand Aqtfifer
(MW-36 and 37) and four Fluvial Aquifer wells (MW-19, 34, 38, and 39) in the north-
central area of DDMT in the vicinity of the depression into the confining unit (see the
Generic RI/FS WP, ref. 38), for a discussion of this depression). The two Memphis
Sand wells will provide a clear profile of the natural gamma characteristics of the
confining unit. The four Fluvial Aquifer wells may provide added information on clay
formations in the vicinity of the conf’ming unit. New wells wilt be logged on a case-by-
case basis. The logging of the well will be conducted by qualified personnel All the
necessary equipment, personnel, and safety procedures will be provided by the selected
contractor. A copy of the log, along with a letter report indicating the findings, will be
submitted as an appendix to the RI report.
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5.5.2 Electromagnetic and Magnetic Surveys

Electromagnetic and magnetic surveys were performed in Dunn Field in the vicinity of
imown burial sites. The survey was performed in June 1993 by the Corps of Eagineen
Waterways Experiment Station (CEWES). The purpose was to confirm locations 
buried pits and treaches that might be burial sites of b~7~rdons and toxic waste that could
be contributing to groundwater contamination in Dunn Field. The results of the
investigation are being analyzed and will be included as an appendix to the RI/FS report.
Magnetometers will be used before drilling to deal" drill sites of any buried metal and
utilities.

5.6 Surveying

5.6.1 Control Monuments

Control monuments, monitoring wells, and soil and strafigraphic borings will be surveyed
for their locations and elevations by a State of Tennessee certified land surveyor.
Permanent survey markers will be installed at each control monument and monitoring
well. Documentation, tabulation, and mapping of the final coordinates and elevations
will be submitted in the RI Report appendixes.

Three permanent control monuments with a 3½-inch~i~meter domed, brass, bronze, or
aluminum alloy cap will be set in accessible locations within or immediately adjacent to
the project area. These monuments will be set no closer than 500 ft to each other.
Coordinates (l:10,000) and elevations (1:5,000) to Third Order accuracies or better 
be established to the closest 0.01 foot for each monument. The coordinates will be
refexenced to the State Plane Coordinate System, and the elevations will be referenced to
the 1929 North American Vertical Datum. Each survey marker and monument will be
stamped with the following data by using steel dies that axe a minimum of 1/8 inch tall:
COE, Huntsville, Alabama Identification Number Month and Year F~tablished.

5.6.2 Location Surveys

Coordinates and elevations will be established for each of the following items: all new
monitoring wells, stratigraphic test borings, and the comers of the geophysical survey
area. The coordinates will be to the closest 1.0 foot and referenced to the State Plane
Coordinate System. The elevation will be determined for both the top of the well ~i,g
(at the watex-level measuring point) and the top of the survey marker. All elevations will
be referenced to the North American Vertical Datum of 1929. A 3½-inch-diametex
domed brass, bronze, or aluminum alloy cap will be permanently set in the concrete pad
surrounding each well. The marker will be stamped as indicated above. In addition to
the coordinates, the elevations to the closest 0.01 foot will be provided for the survey
marker and top of casing for the pump test well, the piezomcters, and all new monitoring
wells.
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5.6.3 Documentation

A tabulated list of the coordinates and elevations for the comers of the geophysical
survey, ~tigraphic test borings, monitoring wells, and control monuments will be
prepared and submitted. The tabulation will consist of the designated name or number of
the corner, boring, well, or monument; the X and Y coordln~te~; and all of the required
elevations. Elevations will be determined for both the top of casing and the top of the
su~ey monument at each monitoring well. This information will be used to generate a
map plotted at a scale of 1 inch = 300 fl or larger showing the location, identification,
coordinates, and elevations of the geophysical survey, sod borings, wells, and
monuments. The tabulated list of coordinates and the map will be submitled, along with
all field books and computation sheets, no later than when the Draft RI Report for this
project is submitted.
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6.0 Calibration Procedures

6.1 Field Instruments

Field instruments will be calibrated daily before beginning sampling activities. Standards
used to calibrate the field survey instruments will be traceable to NIST Standards. The
method and frequency of calibration for the instruments used for each field activity are
described in this section.

6.1.1 HNu Calibration

The meter will be calibrated according to manufacturer’s instructions. The manufacturer
will be contacted regarding recommendations for tbe most appropriate calibration
procedure to be used for the contaminants of interest. General insU’uctions arc included
in the HASP. On a daily basis, the meter will be calibrated to isobutylen¢. Tim HNu
will be zeroed to background levels each hour and at each new location. Calibration
records will be kept in the field log book by field personnel.

6.1.2 Organic Vapor Analyzer Calibration

The primary calibration of the OVA is performed at the factory to 100 parts per million
(ppm) methane gas. Secondary calibration will be performed according to manufacturer’s
specifications at the beginning of each sampling activity. Those specifications are
included in the HASP. In addition, the manufacturer will be contacted regarding
recommendations for the most appropriate calibration proccdur~ to be used for the
contaminants of interest. The meter will be zeroed to background levels on a daily basis
by field personnel.

6.1.3 Soil Boring Drilling

While drilling eitber borings or wells, an OVA or an HNu will be used to screen the soil
samples and to monitor the ambient air. The calibration procedures outlined in
Section 6.1. l will be followed during the soil boring activities.

6.1.4 Groundwater Sampling

Several instruments will be used during the collection of groundwater samples. Initial
monitoring of the ambiem air for volatile organic vapors around the wellhead will be
performed using an HNu meter. The meter will be calibrated to isobutylenc each day
and will be zeroed to ambient air at each well location before opening the well. During
well evacuation, pH and specific conductance will be measured. The meters will be
calibrated in the field before use at each well, following manufacturer’s specifications.
The calibration procedures are described below and will be carded out by field personnel.
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6.1.5 pH Meter Calibration

The pH meters will be calibrated against two sets of standard pH solutions, either 4.0
standard units (SU) and 7.0 SU or 7.0 SU and 10.0 SU, depending on whether previous
pH measurements have been less than or greater than 7.0 SU, respectively. Both the
Cole-Parmer and Beckman meters automatically recognize pH standards and adjust the
span and offset readings accordingly. Both pH meters also measure and display
tempcraRxres and automatically compensate pH readings accordingly. At the end of
calibration, the meter readings will be adjusted and the probe will be rinsed thoroughly
with distillcd water.

6.1.6 Specific Conductivity Meter Calibration

The specific conductivity meters will be standardized by immersing the decontaminated
conductivity probe into a standard sulution of conductivity buffer. The conductivity of
the standard solution will be within the same order of magnitude as the water sample.
The meter reading will be manually adjusted to the buffer solution value. The Markson
conductivity meter is automatically temperature-compensated to 20°C, while the Hanna
meter requires manual adjustment of a temperature compensation knob. After
calibrating, the probe will be triple rinsed with distilled water.

The pH and conductivity meters will be decontaminated before use at each well. The
probes will be rinsed three times with distilled water before storage each day. The
meters will be checked for battezy charge and physical damage each day. The meters,
pH standard solutions, and conductivity buffers will be stored in a cool, dry environment.
Standard solutions will be discarded on their expiration dams.

6.2 Laboratory Equipment

The contracted laboratory will provide the project chemist and QA supervisor with a copy
of the appropriate Comprehensive Quality Assurance Manual (CompQAM) for ~view
and approval. The Laboratory CompQAM will outline in detail procedures for
instrument calibration control.
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Section 7.0
Analytical Procedures

Samples will be analyzed using EPA-approved methods. Before the field effort begins,
the analytical laboratoz7 will provide the lead chemist with a copy of its CompQAM for
review and approval.

7.1 Data Packages

Level 1 and 2 data package delivcrables were detailed in Section 3.2.2. Level 3 data
package dellverables axe summarized in Table 7-1. Level 4 delivexables are the same as
Level 3 with the addition of all the unreduced experimental data.

7.2 Reporting Limits

Method target compound lists and reporting limits are summarized in Table 7-2. Because
of the use of similar analytical techniques for Levels 2 and 3, the target reporting limits
presented in Table 7-2 are applicable for both data quality levels.

7.3 Special Analyses

The reporting limits are based on the Contract Laboratory Program Contract Required
Detection Limits, which are equal to PQLs for this project.

Ten VOC compounds, three SVOC compounds, and one pesticide have MCLs lower than
the standard reporting limits for the analytical methods chosen, as summarized in Table
7-3. Groundwater samples from areas not affected by site activities will initially be
analyzed using the normal VOC and SVOC methods (CLP). However, sample locations
that meet both of the following criteria may be re.sampled and reanalyzed using the low-
level method presented below:

None of the method target compounds can be present in concentrations
greater than 25 ~,g/L (upper linear calibration range for the CLP).

At least one of the target compounds was detected above its MCL but
below the method reporting limit.

Also, for compounds where the CLP reporting limits do not meet the MCL or other
preliminary remediation goal, the intent is to reanalyze the sample using a method with
lower detection limits, if feasible. The decision to reanalyze samples using lower,
detection limits will be made on a case-by-~:ase basis.
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Table 7-1
Level 3 Data Package Deliverables
Defense Depot Memphis, Tennessee

Page 1 of 2

CLP

J

Purpose
Form

Organic Compounds by GCRVIS

1 Data summary form

2 Surrogate spike recovery

3 MS/MSD recovery

4 Method blank summary

5 Instrument performance cheek summary

6 Initial calibration data

7 Continuing calibration cheek

8 Internal standard area and retention time summary

Organic Compounds by GC (Pesticides, PCBs, Herbicides)

1 Data summary form

2 Surrogate spike recovery

3 MS/MSD recovery

4 Method blank summary

6D Initial calibration retention time summary

7E Continuing calibration summary

8C Analytical sequence-evaluation of retention time shift for the
internal standard

10 Compound identification summary

Inorganic Compounds

1 Data summary form

2 Initial and continuing calibration verification

3 Blanks

742 2 2 17

4 ICP Interference cheek samples

ragtag5 -DDMT-WP2/014 WP5 7-2 9/’//95
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Table 7-I
Level 3 Data Package Deliverables

Defense Depot Memphis, Tenne~ee

Page 2 of 2

CLP Purpose
Form

5A Spike sample recovery

5B Post-spike sample recovery

6 Duplicates

7 Laboratory control sample

8 Method of standard addition results

9 ICP serial dilution results

10 Imtrument detection limit

IIA&B ICP inter-element correction factors (annually)

12 ICP linear ranges (quarterly)

13 Preparation logs

14 Analysis run logs
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Table 7_2~ .~
Target Compound Lists and Rel~orting Limits

Defense Depot Memphis, Tennessee

Page 1 of 7

Target Compound Water 0tg/L) Son 0,g/kg)

Volatile Organic Compounds

Chloromethane 10 10

Bromomcthane 10 10

Vinyl chloride 10 10

Chloroethane 10 10

Methylene chloride l0 l0

Acetone 10 10

Carbon disulfide I0 lO

I, l-Dicblorocthene I0 I0

1,1-Dichloroethane 10 I0

1,2-Dichloroethene (total) 10 10

Chloroform 10 10

1,2-Dichlorocthane I0 10

2-Butanonc 10 10

1,1, l-Trichloroetl~ne 10 10

Carbon tctrachloride 10 10

Bromodichloromethane l0 10

1,2-Dichloropropanc I0 10

cis-1,3-Dichloropropene 10 10

Trichlorocthenc 10 10

Dibromochloromethane 10 10

1,1,2-Trichlorocthene l0 10

Benzene 10 l0

trans-1.3-Dichloropropene 10 l0

Bromoform lO 10

2-Hcxanone 10 10

4-Mcthyl-2-pentanone 10 10
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Table 7-2
Target Compound lasts and Reporting Lim:ts

Defense Depot Memphis, Tennessee

Page 2 of 7

Target Compound Water ~g/L)

Tctrachloroethcne I0 I0

1,1,2,2-Tetrachloroethane lO 10

Toluene 10 10

Chlorobenzene 10 10

Ethyl benzene 10 10

S[yI’cnc I0 I0

Xylefle.~ (total) I0 10

S~mivolatile Organic Compounds

Phenol 10 33O

bis(2-Chloroethyl)cthcr 10 33O

2-Chlorophenol I0 330

1,3-Dichlorobenzene 10 33O

1,4-Dichlorobcnzene 10 330

1,2-Dichlorobenzene I0 33O

2-Methylphenol 10 33O

2,2’-oxybis( 1 -Chloropropane) 10 33O

4-Methylpheaol 10 330

N-Nitroso-di-n-propylamine lO 330
*

Hexachloroethane 10 330

Nitrobe.nzene 10 33O

lsophorone 10 330

2-Nitrophenol 10 330

2,4-Dimethylphenol I0 330

bis(2-Chloroethyoxy) methane 10 33O

2,4-Dichlorophenol 10 330

1,2,4-Trichlorobcnzcne 10 330
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Table 7-2
Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tennessee

Page 3 of 7

Target Compound Water Soil ~g/k~

Naphthalene I0 330

4-Cldoroaniline I0 330

Hexachlorobutadiene 10 330

4-Chloro-3 -mcthylphenol I0 330

2-Methylnaphthalcnc 10 330

Hexachlorocyclopcntadiene I0 330

2,4,6-Trichloropbcnol I0 33O

2,4,5-Trichlorophenol 25 830

2-Chloronaphthalene 10 330

2-Nitroaniline 25 830

Dimethylphthalate 10 330

Acenaphthylene 10 330

2,6-Dinitrotoluene I0 330

3-Nitroaniline 25 830

Acenaphthene I0 330

2,4-Dinitrophenol 25 830

4-Nitrophenol 25 830

Dibenzofuran 10 330

2,4-Dinitrotoluene 10 330 "

Diethylphthalate 10 330

4-Chlorophenyl-phenylether 10 330

Fluorene 10 330

4-Nitroaniline 25 830

4,6-dinitro-2-methylphenol 25 830

N-Nitrosodiphenylamine 10 330

4-Bromophenyl-phcnylether 10 330

Hexachlorobenzene 10 330
,=
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Table 7-2
Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tennessee

Page 4 of 7

Target Compound Water ~g/L) sou r g/kg)
Pentachlorophenol 5 165

Phcnanthrene I0 330

Anthracene 10 330

Ca~azole I0 330

Di-n-butylphthalate 10 330

Fluoranthene I0 330

Pyfenc 10 330

Butylbemzylphthahte I0 330

3,3 ’-dichlorobeazidine lO 330

Benzo(a) anthraeene I0 330

Chrysene 10 330

bis(2-Ethylhexyl)phthalate 10 330

Di-n-octylphthalatc 10 330

Benzo(b) fluoranthene 10 33O

Benzo(k) fluoranthene 10 33O

Ber,.zo(a)pyrene I0 330

Indemo(1,2,3-cd)pyreae lO 330

Dibenz(a,h)anthracene 10 330

Bcnzo(g,h,i)pexylc~c 10 330

Thiodyglycol 12.1 4200

2,4-Dinitrotolueae 10 330

Pesticides and PCBs

alpha-BHC 0.050 1.7

bela-BHC 0.050 1.7

delta-BHC 0.050 1.7
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Table 7-2
Target Compound IAsts and Reporting Limits

Defense Depot Memphis, T~nnessee

Page 5 of 7

Target Compound Water t g/L) SoU g/kg)

gamma-BHC (L’mdane) 0.050 1.7

Heptar.hlor 0.050 1.7

Aldrin 0.050 1.7

Heptacldor epoxide 0.050 1.7

Endosul fan I 0.050 1.7

Dieldrin 0.I0 3.3

4,4’-DDE 0.I0 3.3

Endrin 0.10 3.3

Endosulfan II 0.I0 3.3

4,4’-DDD 0.10 3.3

Endosulfan sulfate 0.10 3.3

4,4’-DDT 0.I0 3.3

Mcthoxychlor 0.50 17

Endrin ketone 0.I0 3.3

Endrin aldehyde 0.10 3.3

Toxaphcme 5.0 170

Arocior-1016 1.0 33

Aroclot-1221 2.0 67

Ar~lor-1232 1.0 33

Aroclo~1242 1.0 33

Aroclo~1248 1.0 33

Aroclor-1254 1.0 33

Aroclor- 1260 1.0 33

alpha-Chlordane 0.05 1.7

gamma-Chlordan, c 0.05 1.7
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Table 7-2
Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tpnn~,ee

Page 6 of 7

Target Compound Water ~g/L) I Soil (~g/kg)

Herbicides

2,4-D 2.5 5O

Silvex (2,4,5-TP) 0.5 l0

2,4,5-T 0.5 10

Dinoscb 0.5 10

Dio~n¢ and Furans

Tetrachlorodibeazodioxins 0.005 0.005

pentachlorodibeazodioxins 0.005 0.005

Hexach Iorodibenzodioxins 0.005 0.005

Tetracidorvdibenzofurans 0.005 0.005

Pcntacldorodibenzo furans 0.005 0.005

Hexachlorodibenzo furans 0.005 0.005

I Metals

Aluminum--ICP 20O 40,000

Antimony-ICP 6O 12

Arsenic-GFAA 10 2

Barium-ICP 2OO 40,000

Bexyllium-ICP 5 1

Cadmium-ICP 5 I

Calcium-ICP 5,000 1,000,0O0

Chromium-ICP 10 2

Cobalt-ICP 50 10,000

Coppex-ICP 25 5

Imn-ICP tO0 20,0O0

Lead-GFAA 3 0.6

Magnesium-ICP 5,000 1,0O0,000

Manganese-ICP 15 3,000
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Table 7-2 "
Target Compound Lists and Reporting limits

Defense Depot Memphis, Tennessee

Page 7 of 7

Target Compound Water (~g/L) SoU O~e.)
Mercury-CVAA 0.2 0.1

Nickcl-ICP 40 8

Potassium-ICP 5,000 1,000,000

Selcnium-GFAA 5 1

Silvcr-ICP 10 2

Sodium-ICP 5,000 1,000,000

Thallium-.GFAA I0 2

Vanadium-ICP 5,000 1,000,000

Zinc-ICP 2O 4

335

msm9$ -DDMT.WP’)2014 W’P5 7-10 9/7/95



Table 7-3
Comparison of Organic Compounds with MCLs and Method Reporting Limits

Defense Depot Memphis, Tennessee

Normal CLP Special
Method Method

MCL Reporting Reporting
Target Compound Analysis O g/L) Limit 0tg/L) Limit big/L)

Vinyl chloride VOC 2 10 11

Methylene chloride VOC 5 10 2̄

1,1-Dichloroethenc VOC 7 I0 Ig

1,2-Dichlorocthane VOC 5 10 II

Carbon tetrachloride VOC 5 10 |

1,2-Dichloropropane VOC 5 10 |

Trichloroethene voc 5 10 II

1,1,2-Trichloroethene VOC 5 10 11

lcp.7~ne VOC 5 10 1R

Tetrachloroethanc VOC 5 10 |

Hexachlorobenzene SVOC 1 10 0.2~

Pentachlorophenol SVOC 1 50 0.5c

his SVOC 6 10 5
(2 -ethylhexyl)phthalate

Aldrin Pesticide 0.05 0.02b

¯ Low Level Contract Laboratory Program
bMethod 8080
~Method 8151
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8.0 Data Quality Evaluation

8.1 Level 1-Field Survey Data

Field instruments used by CH2M HIIJ. to collect temperature, pH, and conductivity are
direct reading, thus waking field calculations and subsequent data reduction unneee-,Ltary.
All field data will be recorded in the site log books by appropriate trained field
personnel. Field data will include the following:

Instrument identification
Calibration information (standards used and results)
Date and time of calibration and sample measurement
Sample re.suits
Supporting information (for example, temperature for pH reading)

If QC samples are used as part of the overall immunoassay tests, the re.sults of these
analyses also will be included in the field log. The 1.-11. will provide a summary of the
immunoassay results to the project chemist as well as to the i--tL for review.

All data will be reviewed the FFL, who is responsible for the collection and verification
of all field data while in the field. Data initially will be accepted or rejected by the lqL
before leaving the sampling site. Extreme re-~clings (readings that appear significantly
different from other readings at the same site) will be accepted only after the instrument
has been checked for malfunction and the readings ve.df~ by re.testing. In addition,
extreme or spurious readings will be recorded in the field log book, along with the
rationale for accepting or rejecting the data.

Field documentation, sample data, instrument calibrations, and QC data will be reviewed
by the PM (or a designee) before being included in the project files. QC checks will 
rcvicwed by the project chemist, as well.

8.2 Level 2-Field Screening Data

The field screening laboratory will be required to provide a limited data package that
includes instrument calibration, results for field samples, method blanks, and QC
samples. This data package will be defined in detail in the subcontracting documents.
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The project chemist will review the QC supporting information on a weekly basis and
will provide a summary report to the PM at the end of the field effort. Areas of review
will include the following:

Instrument Calibration-Correct frequency for initial and continuing
calibration, initial calibration linear range, and continuing calibration
within the method target acceptance limits

¯ Sample Results-Results within the linear calibration range

Laboratory Method Blanks-Potential for field sampling or laboratory
contamination

QC Sample Results-Replicate sample precision and spiked sample
recovery (where applicable)

Matrix Spike Results--Will be used to evaluate the effect of the sample
matrix on the overall analytical results, as well as to provide an estimate
for analytical accuracy and precision.

In addition to the methods outlined above, samples will be submitted to the fixed-bane
analytical laboratory for Level 2 screening. The laboratory will use the same analytical
approach aa outlined in the EPA-approved method; however, for Level. 2 the frequency of
QC will be decreased and no supporting QA/QC documentation will be included in the
data package deliverables. There will not be any changes in the method target compound
lists and reporting limits. For example, samples will still be analyzed for the same list of
VOCs; however, for Level 2 samples, fewer MS/MSD samples will be analyzed and only
sample results and method blank resulta will be submitted for the data package
deliverables.

8.3 Level 3-Laboratory Analyses

Data quality ev~-~t~on will be performed by the CH2M BIIJ. project chemists. The
data quality evaluation process is used to assess the effect of the overall analytical process
on the usability of the data. The two major categories of data evaluation are laboratory
performance and matrix interferences. Evaluation of laboratory performance is a check
for compliance with the method requirements and is a straight-forward examination;
either the laboratory did, or did not, analyze the samples within the limits of the
analytical method. Evaluation of the matrix interferences is more subtle and involves
examination of several results including surrogate spike recoveries, matrix spike
recoveries, and duplicate sample results.

Level 3 data package deliverables are summarized in Table 7-1 and will be detailed in the
laboratory subcontractor documents. Before the analytical results were released by the
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laboratory, both the sample and QC data were carcfuUy reviewed to verify sample
identity, instrument calibration, detection limits, dilution factors, numerical computations,
accuracy of transcriptions, and chemical interpretations. Additionally, the QC data were
reduced and spike recoveries were included in control chars, and the resulting data were
reviewed to ascertain whether they were within the laboratory defined limits for accuracy
and precision. Any non-conforming data were discussed in the data package cover letter
and case narrative. The laboratory will retain all the analytical and QC documentation
associated with each data package. Such retained documentation need not be hard (paper)
copy, but can be available on other storage media such as magnetic tape. However, the
laboratory must be able to produce a hard copy of all the retained information upon
request.

The data package will be reviewed by the project chemists using the process outlined in
the EPA guidance document, Punct/ona/Guidelinerfor Evaluating Data Quality (F_,PA,
1991) (ref. 40). This overall process is used regardle~ of whether the samples were
analyzed using CLP methods or not. The data review and validation process is
independent of the laboratory’s checks. It focuses on the n~ahi]ity of the d~t~ to support
the project data interpretation and decision-maklng proc~. Areas of review include data
package completeaess, holding time compliance, initial and continuing calibration, spiked
sample results, method blank results, and duplicate sample results. A data review
workshect will be completed for each data package. Acceptance criteria for each area of
review are specified in the analytical method. For example, acceptance criteria for initial
and continuing calibration are specified in each analytical method; any non-conformances
wiU be noted on the data review worksheets and the effect of the non-conformance on the
overall usability of the data will be evalttat~d as part of the overall data quality
evaluation.

Samples that do not meet the acceptance limit criteria will be indicated with a qualifying
flag, which is a one or two-letter abbreviation that indicates a problem with the data.
Flags used in the text may include the following:

U Undetected. Analyte was analyzed for but not detected above the detection
limit.

Estimated. The analym was present, but the reported value may not be
accurate or precise.

UJ Reporting limit estimated. The analyte was not detected above the method
detection limit, but the actual detection limit may be estimated.

R Rejected. The data were rejected because the corresponding QC data were
not within the method-specified limits.

It is important to note that laboratory qualifying flags arc included on the data summary
forms (Form 1) which are submitted to the project by the laboratory. However, during
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the data review and validation process, the laboratory qualifying flags are evaluated and
replaced with validation flags.

Once each of the data packages has been reviewed, and the data review worksheets
completed, then the enlh’e data set will be evaluated for overall trends in d~ta quality and
,~hility. Information summarized as part of the data quality evaluation may include
chemical compound frequencies of detection, dilution factors that might affect data
usability, and patterns of target compound distribution. The data set will also be
evaluated to identify potential data limitation or uncertainties in the laboratory.
Additional areas of review are discussed below.

8.3.1 Field and Laboratory Blank Contamination

Review includes the appearance and cono~tration of target compounds in field and
laboratory blanks as well as of environmental samples. Common field sampling and
laboratory contaminants detected in blank include acetone, methylene chioride, and
phthalates. Acetone and methylene chloride are used to exwact samples in the laboratory
and hence are common laboratory contaminants. Phthalates are used as plasticizers, the
most common of which is bis(2-ethylbexyl)phthalate, and axe often introduced during
sample handling.

According to the EPA Functional Guidelines, concentrations of these common
contaminants detected in samples at less than 10 times the maximum concentration in the
blanks can be attributed to field sampling and laboratory contamination rather than to
environmental contamination from site activities. As a note, concentrations of common
contaminants such as acetone, methylene chloride, and phthal~t~-_~ detected in both the
sample and the corresponding blanks use the 10X rule. Concentrations of less common
contaminants are multiplied by five rather than 10, as requited by the EPA Functional
Guidelines.

8.3.2 Surrogate Spike Recoveries

Surrogate spike recoveries are compounds for each of the organic analytical meth.ods.
For gas chromatograph/mass spectrometer (GC/MS) analyses, surrogate spike compounds
are the structural homologs of target compounds, often with deuterium substituted for
hydrogen, and are therefore are expected to behave in a similar manner during analysis.
For GC analyses, surrogate spike compounds, are structurally similar (but not ide~ntical)
to target compounds and again, should behave in a similar manner during analysis.
Surrogate spike recoveries are used to monitor both laboratory performance and matrix
interferences. Surrogate spike recoveries from field and laboratory blanks are used to
evaluate laboratory performance because these blanks represent an ideal sample matrix.
Surrogate spike recoveries for field samples are used to evaluate the potential for matrix
interferences. When surrogate spike recoveries for field samples fall outside the method
target acceptance windows, the samples are re-analyzed. If the surrogate spike recovery
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is still outside the acceptance window for the re-analyzed sample, then the sample results
al~ qualified as affected by matrix interferences.

8.3.3 Matrix Spike Recoveries

For this QC measure, three aliquots of a single sample are analyzed-one native and two
spiked with the same concentration of matrix spik~ compounds. Unlike the surrogate
spike compounds, matrix spike compounds are found on the method target compound list.
Spike recovery is used to evaluate potential matrix interferences as well as accuracy. The
duplicate spike results are compared to evaluate precision.

8.3.4 Duplicate Sample Results

Typically, one duplicate field sample will be collected for every 10 field samples. Both
the native and duplicate samples are analyzed for the same parameters. Target
compounds that are detected in both the native and duplicate samples can be compared
and precision for the sample results calculated.

8.4 Level 4-Laboratory Analyses

Data quality evaluation of Level 4 data will be executed using the same process descixbed
for Level 3 data; however, calculations for calibraliun, spike recovery, and sample results
will be recreated using the raw data. These example calculations will be included with
the dam review workshop.Is.

8.5 Reconciliation with Data Quality Objectives

The final activity of the data quality evaluation is an assessment of whether the data
meets the DQOs. The goal of this assessme~nt is to demonstrate that a sufficient number
of representative samples were collected and the resulting analytical data can be used to
support the project dccision-mMdng process. The following precision, accuracy, .
rcprcscntativcncss, completeness, and comparability (PARCC) measures are used:

Precision--is the agreement betwee~ duplicate results and can be estimated
by comparing duplicate matrix spike recoveries and field duplicate sample
results.

Accuracy-is a measure of the agreement between an experimental
determination and the true value of the parameter being measured. For
organic analyses, each of the samples is spiked with a surrogate spike
compound and for inorganic analyses, each sample was spiked with a
known reference material before digestion. Each of these approaches
provides a measure of the matrix effects on the analytical accuracy.
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Accuracy can be estimated from the analytical data and cannot be measured
directly.

Representativeness-is a qualitative measure of the degree to which
sample data accurately and precisely represent a characteristic
environmeatal condition. Representativeness is a subjective parame~_~ and
is used to evaluate the efficacy of the sampling plan design.
Representativeness is demonstrated by providing full descriptio~ of the
sampling techniques and the rationale used for selecting sampling locations
in the project scoping documents.

Completeness-is defined as the percentage of measurements that are
judged to be valid compared to the total number of measurements made.
Typically, a goal of 95 percent ,s~hle data is desired.

Comparability--is another qualitative measure de.signed to express the
confidence with which one data set may be compared to another. The
following factors affect comparability: sample collection and havdlins
techniques, sample matrix type, and analytical method. Comparability is
limited by the other PARCC parameters because data sets can be compared
with confidence only whe~ precision and accuracy are ]mown. Data from
one phase of an investigation to another can be compared when the same
EPA-approved methods are used and data package dclivcrables are similar.
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9.0 Performance and System Audits

Performance and systems will be audited to verify documentation and implementation of
the project work plan, to identify any nonconformanc~s, and to verify correction of
identified deficiencies.

9.1 Assessments and Response Actions

Assessment activities may include surveillance, inspections, peer review, management
system review, readiness review, technical systems audit, performance evaluation, and
data quality assessment. The CH2M HILL project chemist or PM will be responsible for
initiating audits, for selecting the audit team, and for overseeing audit implementation.

The project chemist or PM will evaluate the need for a performance audit independently,
or by recommendation of the PM or the client. Performance audits are used to
quantitatively assess the accuracy of analytical data through the use of performance
evaluation and blind check samples. Laboratory performance will he audited by the PM,
project chemist, or a designee.

The FTL is responsible for supervising and checking that samples are collected and
handled in accordance with the approved project plans and that documentation of work is
adequate and complete. The PM is responsible for seeing that project performance
satisfies the QA/QC objectives. Reports and technical correspondence will he peer
reviewed by an assigned qualified individual, otherwise external to the project, before
being finalized.

9.2 Field Team Performance and System Audits

The FTL or a designated representative will conduct weekly informal audits of the field
activities. The weekly audit for completeness will include the following items:

¯ Sample labels
¯ COC records
¯ Field notebooks
¯ Sampling operations
¯ Document control

The first three items above will be checked for completeness. Sampling operations will
be reviewed to determine if they are performed as stated in the project-specific work
plan, or as directed by the FTL. The informal document control audit will consist of
checking each document for completeness, including such items as signatures, dates, and
project numbers.
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A systems audit of field operations may be required by the project-specific work plan and
will be used to review the total data generation process, which includes onsite review of
the field operational system, physical facilities for sampling, and equipment calibrations.
A performance audit may be conducted by the PM and the FTL during the first week of
sampling if it is deemed necessary by the PM, FTL, project chemist, or client. The audit
may focus on verifying that proper procedures are followed so that subsequent sample
data will be valid. Before the audit, a checklist will be prepared by the PM and the I~-I’L,
and will serve as a guide for the performance audit. The audit may verify the following:

¯ Collection of samples follows the available written procedures.

¯ COC procedures are followed for traceability of sample origin.

¯ Appropriat-" QC checks are being made in the field and documented in the
field log book.

- Specified equipment is available, calibrated, and in proper working order.

¯ Sampling crews are adequately trained.

¯ Record-keeping procedures are being followed and appropriate
documentation is maintained.

¯ Corrective action procedures are followed.

An audit report summarizing the results and corrections will be prepared and filed in the
project files.

9.3 Laboratory Performance and Systems Audits

The analytical laboratory will conduct both internal and external QC checks. External
QC checks include participation in EPA’s certification and performance evaluation
programs. The results of quarterly performance evaluation samples will be made
available to the PM on request. Internal QC checks (duplicates, blanks, and spiked
samples) will be performed in accordance with the approved methods.

laboratory systems will be audited annually and as required by specific projects.
Contracted laboratories are required to submit a laboratory QAPP and relevant SOPs
before the field effort begins. If, during data evaluation and data use, any problems are
noted, specific corrective actions will be implemented on a case-by-case basis. An
additional systems audit may be requested by the CH2M HILL project chemist or PM, if
warranted.
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Depending on the project objectives, the laboratory may be required to perform the
following:

Monthly project review of 10 percent of all projects done by the QA
department

Audits performed by the laboratory QA manager at a frequency greater
than spncificd in the lab CompQAM

Special audits by tbe project chemist or corporate management when a
problem is suspected

mg.~S-DDMV-Wr~0~4.WPS 9-3
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10.0 Preventive Maintenance

10.1 Field Instruments

All equipment used by CH2M HILL will be maintained in accordance with the
manufacturer’s instructions. Preventive maintenance activities for field equipment are
listed in Table 10-1. Routine maintenance and all equipment repairs will be documented
in the site log book. Whenever a piece of equipment fails to operate properly, the
instrument either will be repaired in-house (if possible) or will be ,sent out for repairs and
another instrument equivalent to the original substituted (if possible).

Table 10-1
Fidd Equipment Preventive Maintenance

Defense Depot Memphis, Tennessee

Instrument Activity Frequency

pH meter Battery replacement or As needed (indicated by I..CD
electrode cleaning display) or as specified in

instrument manual

Conductivity Meter Battery replacement or probe As needed (indicated by LCD
cleaning display) or as specified in

instrument manual

10.2 Analytical Laboratory Instruments

Preventive maintenance for laboratory instruments is discussed in detail in the laboratory
CompQAM.

mgm95-DDMT-WP2/014 WP5 10-1
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11.0 Calculation of Data Quality Indicators

11.1 Quality Control Measures

The QC measures described below am incorporated into Levels 2, 3, and 4 analytical
methods.

Method Blanks--A method blank is a sample of analyte-free water that is Ucated as a
sample in that it un~rgoes the same analytical process as the corresponding field
samples. Method blanks arc used to monitor laboratory performance and contamination
intzoduced during the analytical procedure. Typically, one method blank is required per
10 or 20 samples (depending on the analytical method) or one per batch, whichever 
more frequent.

Matrix Spikes--For inorganic analyses, a single sample is split and one portion is sp’tkod
with a known amount of refexence material. For organic analyses, thre~ aliquots of a
single sample are analyzed-one native and two spiked with matrix sp’tke compounds.
Unlike the surrogate spike compounds, matrix spike compounds are found on the method
TCL. Spike recovery is used to evaluate potential matrix interferences as well as
accuracy. The duplicate spike results are compared to ¢valuam precision. The matrix
spike compounds and method target acceptance ranges are summarized for each analytical
method. Typically, one matrix spike (inorganic) or matrix spike/matrix spike duplicate
(MS/MSD) sample (organic) is analyzed for every 20 samples of the same 

Surrogate Spikes Recoveries-This QC memsure is applicable only to organic analyses.
Surrogate compounds are the structural homologs of target compounds, often with
deuterium substituted for hydrogen, and are therefore expected to behave in a similar
manner during the analysis. Surrogate spike recoveries were used to monitor both
laboratory performance and matrix interferences. Surrogate spike recoveries from field
and laboratory blanks were used to evaluate laboratory performance because the field
blanks rep~.scnt an "ideal" sample matrix. Surrogate spike recoveries for field samples
were used to evaluate the potential for matrix interferences. For field samples, when the
surrogate spike recoveries fall outside the method target acceptance windows, the samples
axe re-analyzod. If the surrogate spike is still outside the acceptance window for the ro-
analysis, then the sample results arc qualified as affected by matrix interferences.

11.2 Formulas for Calculating Accuracy, Precision, and Completeness

Precision is a measure of the agreement or repeatability of a set of replicate results
obtainod from duplicate analyses made under the same conditions. Precision will be
estimated from analytical data and cannot be measured directly. The precision of a

m&,m95 - DDMT-WP2/014 .WI~ 11-1
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duplicate dete,.dnation can be expressed as the relative percent diff~ fRPD), as
calculated from the equation:

RPD IX, - X2I/ (Xt + Xre )X200

where Xt and X2 are the duplicate values.

Accuracy is a measure of the agreement between an ¢xperimemtal determination and the
true value of the parameter being measured. Accuracy is estimated through the use of
known reference materials or matrix spikes. Accuracy is calculated from analytical data
and is not measured directly. Spiking of reference materials into an actual sample matrix
is the preferred technique because it provides a measure of the matrix effects on the
analytical accuracy. Accuracy, defined as percent recovery (P), is calculated by the
following equation:

P = (SSR-SR)/SA] x 100

where SSR is the spiked sample result, SR is the sample result (native), and SA is the
spike added.

Completeness is defined as the percentage of measurements judged to be valid compared
to the total number of measurements made. Completeness is calculated using the
formula:

Completeness = ~ x 100
Total Measurements
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12.0 Corrective Actions

12.1 Field Activities Corrective Actions

The PM is responsible for initiating corrective actions. Corrective action steps include
problem identification, investigation responsibility assignment, investigation, action to
eliminate the problem, increased monitoring of the effectiveness of the corrective action,
and verification that the problem has been eliminated.

Documentation of the problem is important to the overall management of the study. A
corrective action request form for problems associated with sample collection is
completed by the person discovering the QA problem. This form identifies the problem,
establishes possible causes, and designates the person responsible for action. The
responsible person will be either the project manager or the FTL.

The correction action request form (Figure 12-1) includes a description of the corrective
action planned and has space for follow-up. The PM verifies that the initial action has
been taken and appears to be effective and, at an appropriate later date, checks to see if
the problem has been resolved fully. The PM receives a copy of all corrective action
request forms and enters them into the corrective action log. This permanent record aids
the PM in follow-up and assists in resolving the QA problems.

Examples of corrective action include, but are not limit to, correcting COC forms,
analysis reruns (if holding time criteria permit), recalibration with fresh standards,
replacement of sources of blank contamination, or additional training in sampling and
analysis. Additional approaches may include the following:

Resampling and re-analyzing.
Evaluating and amending sampling and analytical procedures.
Accepting the data and acknowledging the level of uncertainty or
inaccuracy by flagging the validated data and providing an explanation for
the qualification.

12.2 Laboratory Activities Corrective Actions

The laboratory department supervisors review the data generated to verify that all QC
samples have been run as specified in the protocol. Laboratory personnel are alerted that
corrective actions may be necessary under the following conditions:

QC data are outside the warning or acceptable windows for precision and
accuracy established for laboratory samples.

mgm95-DDMT.WP21014. WP5 12-1
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Originator: Date:

Person responsible for replying:

Description of problem and when identified:

SeQuence of Corrective Action (CA): (Note, if no responsible person is identified,
submit this form directly to the project manager)

State date, person, and action planned:

CA initially approved by:

Follow-up date:

Final CA approval by:

Information copies to:

Responsible Person:

Fmld Team Leader:

Project Manager:

Date:

Date:

RGURE 12-1 I
CORRECTIVE ACTION REQUEST FORM
Defense Depot Memphis. Tennessee

MOP--OOOS.DWG 21-Feb-1995

12-2



742’251

Blanks contain contaminants at concentrations above the levels specified in
the laboratory QAPP for any target compound.

Undesirable trends are detected in matrix spike recoveries or RPD between
matrix spike duplicates.

¯ There are unusual changes in detection limits.

Deficiencies are detected by the laboratory QA director during internal or
external audits, or from the results of performance evaluation samples.

If nonconformances appear in analytical methodologies, QC sample results are identified
by the bench analyst, and corrective actions are implemented immediately. Corrective
action procedures are handled initially at the bench level by the analyst, who reviews the
preparation or extraction procedure for possible errors; and checks the instrument
calibration, spike and calibration mixes, insmunent sensitivity, and so forth. The analyst
immediately notifes his/her supervisor of the problem that is identified and the
investigation being made. If the problem persists or cannot be identified, the matter must
be referred to the laboratory supervisor and QA/QC officer for further investigation.
Once resolved, full documentation of the corrective action procedure must be filed with
the laboratory supervisor, and the QAJQC officer must be provided with a corrective
action memorandum for inclusion into the project file if data are affected.

Corrective actions may include, but arc not limited to, the following:

Re-analyzing suspect samples
Resampling and analyzing new samples
Evaluating and amending sampling and analytical procedures
Accepting data with an acknowledged level of uncertainty
Recalibrating analytical instr-ments
Qualifying or rejecting the data

After the implementation of the required corrective action measures, data that is deemed
unacceptable may not be accepted by the PM, and follow-up corrective actions may be
explored. Details of laboratory corrective actions are provided in the laboratory
CompQAM.

mgm95 -DDMT-W]~JO 14 WP~ 12-3



742 252

13.0 Quafity Assurance Reports

The purpose of QA reports is to document implementation of the QAPP. These reports
include periodic assessments of measurement data accuracy, precision, and completeness;
the results of performance audits; the results of system audits; and identification of
significant QA problems and recommended solutions.

The analytical laboratory will be responsible for submitting monthly progress reports to
the client as requested.

The f’mal QA report will be attached as an appendix to the project report and may include
the following:

Data quality assessment in terms of PARCC, and the method detection
limits

¯ The degree to which DQOs were met

¯ Limitations of the measurement data; usability of the data

¯ Applicability of the data to site conditions

Laboratory QC activities, including a summary of planned versus actual
laboratory QC activities, explanations for deviations, and an evaluation of
data quality for each analysis for each media

Field QC activities, including a summary of planned versus actual field QC
activities, explanations for deviations, and an evaluation of the data quality
of field QC samples/activities and estimated effect on sample data

Data presentation and evaluation, including an assessment of sampling and
analysis techniques, data quality for each analysis and each media, and data
usability

A final report will be submitted to the client after comments from the client and any
regulatory agencies have been incorporated.

mg m95 -DDMT-Wp2/014.WI~3 13-1
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14.0 Sample and Database Management

14.1 General Information

The project database will be EDMS-A (environmental data management system in
Access) and an environmental management information system (FA~S) deliverable will 
submitted to the client. EMIS is similar to Interchange File Format (IFF) typically used
by EPA, and the two formats are compared in Table 14-1. The few fields in IFF that do
not correspond to an EMIS field include data that are not normally collected or are
represented in EMIS in another field (LTHAN in Table 14-1 is represented in the flag
qualifiers in EMIS).

The data management team consists of the PM, database manager, and data manager.
The team will be responsible for the execution of the Data Management Plan. All
documentation relating to the development and execution of the Data Management Plan
will be kept in the project data management file, which will be stored in a central
location accessible to all members of the data n~rmgement team. The data manager will
be responsible for maintenance of the data management fde.

The data management file will consist of the following sections:

Internal correspondence
External correspondence
Field correspondence
Data management meeting notes
Work plan information
Project instructions
Status reports
E-Data documentation from lab
Import description and exception reports
Front-end QC description and exception reports
Intermediate QC description and exception reports
Back-End QC description and exception reports
E-Data resubmittal requests
Internal deliverable review comments
External deliverable review comments
Standard procedures

All electronic files associated with the project data management task will be kept on the
network file server. Examples of these files are memos, plans, instructions, spreadsheets
with station data, and the database itself. Backups of this data will be made according to
that office’s daily, system-wide backup routine.

mgmDDMT-WP7./014 WP5 14-1
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14.2 Hard Copy Data Management

Management of hard copy data packages is the responsibility of the data manager. As
data packages are received, the data manager will enter the sample delivery group (SIX})
number and date received in the database, and pass the data package to the data quality
evaluation manager.

A cursory review of each hard copy data package will be performed by the data quality
evaluation manager. Under the direction of the data quality evaluation manager, the data
received will be compared to the COC to confirm that hard copies of all expected results
are received. The SIX3 number for each analysis requested (for example, volatiles,
semivolatiles, total metals, f’dtered metals, and dioxins) will De recorded in the Detailed
Data Inventory Sheet (DDIS). Data packages will De prepared for data quality evaluation
and filed in a cenU’al dam storage area.

After all data packages are received, the DDIS will be reviewed for completeness by the
data quality evaluation (DQE) team as part of the data quality evaluation process. The
finalized DDIS will be included as part of the data quality evaluation technical
memorandum delivered to the client.

14.3 Field Data Management

A sample tracking program (STP) will be used to manage data collected by the field
team. STP is a subsystem of the EMIS implementation of the Microsoft Access-based
Environmental Data Management System (EDMS/A-EMIS), developed to manage the
flow of information from the field sampling team to the laboratory and to
imernal/external clients. STP is used for entry of field-originating information (such as
station locations, lithologic descriptions, well completion information, sample collection
dates/times, analyses requested, and field measurements), and to produce sample bottle
labels, COC forms, electronic t’des containing COC information, and daily and weekly
sampling surmnary reports.

STP will De updated by the database manager to include codes for EMIS-specific data
reporting requirements (such as site location type, sample matrix, and analytical method)
in accordance with the November 1994 EMIS Data Dictionary. Queries will be
developed to aid the field team in calculating sample collection statistics and in verifying
stations sampled and analyses requested against the work plan. All soRware
modifications and support will be the responsibility of the database manager.

Before field mobilization, all STP modifications will De reviewed. All November 1994
EMIS Data Dictionary codes applicable to the project will De verified by data entry
personnel. A data inventory table of all analytical methods to De requested and the
corresponding analytes to De received from the laboratory will be verified by the data
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manager and sent to the laboratory for verification. All sampling location information
(such as well identification and site identification) will be verified against historically
used location information by the dam manager. If historical names are not available,
location information will be provided by the client’s data manager. A table of location
information and the corresponding analyses to be requested will be sent to the client’s
data manager for independent verification.

Testing of STP modifications will consist of running STP through the normal daily
routine performed in the field using an example data set that will be representative of
planned field sampling activities. A daily sample summary report will be printed.
Sample labels will be generated for all planned analytical combinations. Sample
collection times will be entered and a COC will be printed. An electronic file containing
COC information will be generated and sent via modem to the analytical laboratory for
import into its data management system. Finally, an example weekly summary report
will be produced and compared against the example data set.

The data manager will coordinate the implementation of STP during the field
investigation during the mobilization period. Implementation will include the setup of all
necessary computer hardware and software, setup of electronic communication systems,
installation of the database, and STP usage training for the two-person sample
management team. After the initial training, the data manager will provide support to the
sample management team, as needed, for the duration of the field sampling event.

During the field sampling event, all station location, lithologic description, well
completion, groundwater level, and sampling-related data will be entered by one field
sample management team member and checked by the other team member against the
original data forms (for example, purging forms, sampling forms, soil boring logs. and
well completion logs) using the manual data entry verification procedure described below.

One of the sample management team members will be designated as the field data
manager and will assume responsibility for setting up samples, generating labels, logging
samples and generating COCs, generating electronic files containing COC information
and transferring them via modem to the analytical laboratory, and entry of field-related
information. The field data manager is also responsible for verifying that samples with
QA Levels 3 and 4 collected on the same day will be shipped to the laboratory on
separate COCs. The other sample management team member will be responsible for
setting up sample coolers in the morning for the sampling teams to take out, checking in
coolers after sample collection throughout the day, confirming that the sample
preservation is adequate, shipping the sample coolers from the field to the laboratory, and
verifying field-related information entered into the database against the hard copy. QA
Level 2 (screening) samples and analyses will not be tracked by STP or reported in EMIS
format.

The FTL will notify the data manager or database manager of any unusual occurrences
relating to field sampling that affect the field or laboratory data that are to be processed
by the data management team. Examples of unusual occurrences are assigned samples
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that were not collected, omission of field-generated data from the database, or bv~t4ng
of sample bottles during transport to or processing at the laboratory. This information
will be documented as appropriate in the database and the data management file under
"Field Correspondence."

After log-in of the SDG from the field, the laboratory will acknowledge receipt of the
samples by faxing the following items to both the field data manager and the DQE team:

¯ COC

¯ Exception Report-no’dng any problems with the sample shipment

Sample Receipt Summary Report-containing data entered into the
laboratory’s database for each sample (including SDG, sample
identification, location identification, analysis requested, data collected,
and date received by Laboratory)

The field data manager will use this information to verify all field-related information
(sample identification, location identification, analysis requested, and date coUected) at
the laboratory, using the manual data entry verification procedure d~bed in this
section. The date received by the laboratory and the SI)G number assigned by the
laboratory to each sample will be entered into STP by the field sample management team
from the Detailed Laboratory Summary Report.

The field data manager will generate a weekly sample status report. This report will be
delivered to the v’IL for review and delivery to the client. The field data manager will
fax a copy of the fmaliTed weekly sample status report to the dam manager, who will add
it to the data management file under "Status Reports."

Data from STP will be transmitted via modem or disk from the field team to the data
manager on a weekly basis. The time and method of transmittal will be coordinated by
the field data manager and the data manager. The data manager will check the STP data
for correctness, completeness, and consistency. The data manager will alert the F’TL of
any errors or omissions contained in the STP data.

STP data will be contained in the STP file EDMSDATA.MDB and will be "imported"
into the data management t~m copy of EDMS/A-EMIS by renaming the existing file in
the appropriate EDMS subdixectory to EDMSDATA.MXX (where XX is the two-digit
number of the field effort’s week) and copying the new EDMSDATA.MDB file into that
same directory. The goal is to have one EDMSDATA.MDB file for every week of the
field effort, each containing data up to that week, with the most current file using the
.MDB extension.



14.4 Management of Laboratory Electronic Data Deliverables

Electronic data (E-Data) deliverables will be sent as compressed (PKZIP 2.04) files to 
data manager. A copy of the E-Mail cover letter, which includes a list of the file(s)
trammitted and the date and time of transmittal, will be printed and stored in the data
management file under "E-Data Documentation from Lab."

E-Data will be imported into EDMS/A-EMIS, using an EMIS-specific import program.
The import program reads the data into EDMS/A-EMIS and performs a series of QC and
data validation checks, based on the requirements specified in the November 1994 EMIS
Data Dictionary. The checks and the rules they are based on are documented in the data
management file under "Import Description and Exception Reports."

If the import program encounters any exceptions to the QC checks described above, the
exception will be listed in the Import Exceptions Report. The Import Excepilom Report
will contain the information necessary to identify the import file and line, and an
explanation of the exception. Exceptions serious enough to jeopardize the integrity of the
database will be reported as *ERRORS," and the offending line will not be imported.
Less critical exceptions will be reported as "WARNINGS," and the offending line will be
imported.

The data manager will evaluate each item in the Import Exceptions Report and determine
what action, if any, needs to be taken. If the appropriate action is a manual data change
to the laboratory-provided E-Data files by the data management team, the change will be
verified and the laboratory will be notified of the change via E-Mail. If the appropriate
action is to request a resubmission of the electronic data from the laboratory, the
resubmission will be requested.

Once the appropriate action to be taken is completed, the action taken for each item in
the Import Exceptions Report will be noted, initialed, and dated. Once all items listed on
the Import Exceptions Report are resolved, the report will bc added to the data
management file under "Import Exceptions Reports."

During the data management process, manual chnnoe$ may be made to the EDMS/A-
EMIS database that create discrepancies with data stored in files at the laboratory. The
data manager will notify the laboratory of the discrepancies so that laboratory records can
be updated.
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14.5 Front-end Data Content Verification

After the import of laboratory electlonic data into the EDMS/A-EMIS database and
resolution of all Import F-.xcepdons, a series of queries will be performed to verify the
content of and relationships between data. Content queries will confirm that all specific
data codes used are correct as defined by the November 1994 EMIS Data Dictionary.
Relationship queries will verify that relationships between certain data elements are
correct and logical. For example, queries will verify that for a single sample, the
Collection Date is an earlier date than the Analysis Date. The front end QC queries will
be reviewed and modified as needed to check for valid values specific to this project.

If a database record does not satisfy the conditions specified by the query, the exception
will be listed in the Front-End Exceptions Report. The Front-End Exceptions Report will
contain the name of the query, the information necessary to identify the database record,
and an explanation of the exception. The data manager will evaluate each item in the
From-End Exceptions Report and determine what action, if any, needs to be taken. If the
appropriate action is a manual data change, it will be verified. If the appropriate action
is to request a resubmission of the electronic data from the laboratory, the resuhmission
will be requested. If the action taken affects information received from the laboratory in
its deliverables, the laboratory will be notified of the changes made via E-Mail.

Some items in tim Front-End Exceptions Report may be acceptable. For example, the
Front-End Exceptions Report may identify a matrix spike that is reported with a Sample
Location ID of "FIELDQC." The I.x)~tion ID of "FIELDQC" is only appropriate for
equipment blanks, field blanks, and trip blanks; matrix spikes normally are not taken
from blanks. Evaluation of the database record reveals that the matrix spike was taken
by the laboratory to satisfy its own internal QC prooedures, and that the parent sample
from which the matrix spike was taken was an equipment blank. Therefore, the Sample
Location of "FIELDQC" is acceptable.

Once the appropriate action to be taken is completed, the query will be re-ran to confirm
that the exception has been co~ted, and the item in the Front-End Exceptions Report
will be initialed and dated. If the item is acceptable, it will be noted as such and
explained as necessary on the Front-End Exceptions Report, initialed, and dated. Once
all items listed on the Front-End Exceptions Report are resolved, the report will be added
to the data management file under "Front-End QC Descriptions and Exceptions Reports."

14.6 Data Quality Evaluation Flag Entry

The data manager is responsible for the entry of the data quality evaluation flags into the
database after the completion of data quality evaluation by the DQE team. The DQE
team will notify the data manager when the data quality evaluation is completed. Using
data entry forms in EDMS/A-EMIS, laboratory qualifiers and/or concentration values
changed on the Form I by the I)QE team will be entered into the database in the
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validation flag and/or concentration fields. If the laboratory qualifier and/or
concentration values were not changed by the DQE team, no entry will be made in the
validation flag and/or concentration fields. After the completion of data entry, the data
manager will update the validation flag field as appropriate with data from the laboratory
qualifier field for validation flag values that were not changed during the data quality
evaluation process. This update will occur for all non-surrogate parameters associated
with normal environmental samples, field duplicates, dilutions, or re-extractions. This
update will not occur for surrogate parameters or for parameters associated with
equipment blanks, trip blanks, field blanks, matrix spike/spike duplicates, inorganic
laboratory replicates, or laboratory blanks.

After completion of the process described above, Replicate Form Is will be generated
from the database and printed. The Replicate Form Is will be verified against the
original validated (marked-up) Form Is using the manual data entry verification
procedure. If errors are discovered, the error will be corrected in the database, and a
new Replicate Form Is will be generated, printed, and verified against the original
marked-up Form I. This process is repeated until no errors remain. When the
verification process is completed, the Replicate Form Is will be filed with the original
validated (marked-up) Form Is according to SDG number. An entry will be made in the
history data table to document that the data quality evaluation flag field values have been
entered and verified.

14.7 Intermediate Data Completeness Verification

After entry of the data quality evaluation flags, a series of queries will be performed to
verify the content of, correctness of, and relationships between the data. This
intermediate data completeness verification will consist of the complete set of front-end
data content validation queries (with results evaluated and documented), and additional
intermediate queries that will further evaluate the database. The intermediate QC queries
will be reviewed and modified as needed to meet the requirements of this project.

Content and relationship queries involving the data quality evaluation flag field will be
evaluated. For example, queries will be performed confirming that all the data quality
evaluation flags are valid and that all analytical result records with a QA level other than
"N" have non-null values in the data quality evaluation flag field. In addition, queries
will be performed confirming that the one-to-many relationships between Sample Data,
Sample Preparation Data, and Analytical Results are intact and correct. Queries will
confirm that all Analytical Results records have associated Sample Preparation Data
records, and that all Sample Preparation Data records have associated Sample Data
records. Conversely, queries will confirm that no Sample Data records exist without
associated Sample Preparation Data records, and that no Sample Preparation Data records
exist without associated Analytical Results records.
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If a database record does not satisfy the conditions specified by the query, the exception
will be listed in the Intermediate QC Exceptions Report. The Intermediate QC
Exceptions Report will contain the name of the query, the information necessary to
identify the database record, and an explanation of the exception. The data manager will
evaluate each item in the Intermediate QC Exceptions Report and determine what action,
if any, needs to be taken. If the appropriate action is a manual data change, it will be
verified. If the appropriate action is to request a resubmission of the electronic data
from the laboratory, the resubmission will be requested.

Once the appropriate action to be taken is completed, the query will be re-ran to confirm
that the exception has been corrected, and the item in the Inmrmediate QC Exceptions
Report will be initialed and dated. If the item is acceptable, it will be noted as such and
explained as necessary on the Intermediate Exceptions Report, initialed, and dated. Once
all items listed on the Intermediate Exceptions Report are resolved, the report will be
added to the data management f’de under "Intermediate QC Descriptions and Exceptions
Reports." If the action taken affects data provided by tim laboratory in its electronic
deliverables, the laboratory will be notified via E-Mail of the changes made.

14.8 Generation of EMIS-like Access Tables

Two weeks before each deliverable deadline (draft/finsl), and provided that the necessary
data are complete, the database manager will generate the EMIS-like Access tables.
These tables follow the exact field name, count, type, length, and order of the EMIS
tables deliverables. For the project, seven tables will be generated: SAMP_LOC.
WELL_COMP, LITH_DES. SAMPLE_DATA, WATER_LEVEL. SAMPLE PREP. and
ANAL P,E~. These tables are the source and final repository of the data for~he draft
and final deliverables.

The database manager will establish the structure of the tables manually in EDMS/A-
EMIS, according to the F-.MIS November 1994 Data Dictionary specifications. The tables
will be populated by running queries that pull the appropriate data from various
EDMS/A-EMIS tables and place them in the corresponding fields in the EMIS-like
Access tables. In addition to bringing in the data, tim queries also format the data as
necessary (for example, date as DD-MMM-YY, number of digits beyond the decimal
point, and so forth).

Following the generation of the EMIS-like Access tables, a series of queries will be
performed to verify the content of, correctness of, and relationships between the data.
These queries, known as the back-end data content verification queries, will consist of
appropriate front-end and intermediate data verification queries modified m analyze the
EMIS template tables and their respective field names. The back-end QC queries will be
reviewed and modified, if needed, to check for valid values specific to this project.
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If a database record does not satisfy the conditions spcx:ified by a query, the disc~paney
will be listed in the Back-End QC Exceptions Report. The Back-End QC Exceptions
Report will contain the name of the query, the information necessary to identify the
database record, and an explanation of the exception. The data manager will evaluate
each item in the Back-End QC Exceptions Report and determine what action, if any,
needs to be taken. If the appropriate action is a manual data change, it will be verified.
If the appropriate action is to request a resubmission of the electronic data from the
laboratory, the resubmission will be requested.

Once the appropriate action to be taken is completed, the query will be re-run to confu’m
that the exception has been corrected, and the item in the Back-End QC Exceptions
Report will be initialed and dated. If the item is acceptable, it will be noted as such and
explained as necessary on the Back-End QC Exceptions Report, initialed, and dated.
Once all items listed on the Back-End QC Exceptions Report are resolved, the report will
be added to the data management file under "Back-End QC Descriptions and Exceptions
Reports."

Depending on the action taken to resolve items in the Back-End QC Exceptions Report,
the EMIS-like Access tables may have to be regenerated and the process described above
repeated. When all issues are resolved, generation of draft/final deliverables will
proceed.

14.9 Generation of Defiverables

After completion of the EMIS-like Access table generation, the EMIS deliverables will be
generated by the data manager. The source for these deliverables will be the EMIS-like
tables in EDMS/A-EMIS. Microsoft Excel (v.5.0) will be the primary tool used 
manipulate and format the data contained in the EMIS-like tables. Using Excel macros,
data will be extracted directly from the EMIS-like tables in EDMSIA-EMIS. The data
will then be inserted into Excel worksheets modeled after the EMIS Lotus 123 (v.2.2)
templates provided by the client’s data manager. The filled Excel worksbeets are then
saved as Lotus 123 spreadsheets. Once completed and reviewed, these Lotus 123
spreadsheets serve as the final deliverables.

The EMIS Lotus 123 templates have three purposes. First, the templates specify the
colunm (field) order in which the data is to be organized. Second, they specify the field
type for each field. Third, they help the client’s data manager view the data.

Hard copies of the SAMP I_,OC, WELL_COMP and LITH_DESC EMIS files will be
generated and given to the site geologist for review using guidelines that will include a
checklist of project-sIz~ific, acceptable entries and the November 1994 EMIS Data
Dictionary. The site geologist will fill out a Review Comments Form that will be
returned to the data manager along with the marked-up hard copy.
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Hard copies of the WATER_LEVEL and SAMPLEDATA EMIS files will be generated
and given to the FTL for review using guidelines that will include a checklist of project-
specific, acceptable entries from the November 1994 EMIS Data Dictionary. The tqL
will fill out a Review Comments Form that will be returned to the data manager along
with the marked-up hard copy.

The draft submission of SAMPLE DATA to the client will include normal environmental
and field duplicate samples only. 71"he final submission of SAMPLE_DATA will contain
all sample types.

Hard copies of at least three sets of SAMPLEPREP and ANAL_RES records for each
SAMPLE_PREP fraction (volatiles, semivolatiles, pesticides, and so forth) will 
generated and given to a representative of the DQE team for review using guidelines that
will include a checklist of project-specific acceptable entries (previously agreed upon with
the client data manager) and the November 1994 EMIS Data Dictionary. The reviewer
will fill out a Review Comments Form that will be returned to the data manager along
with the marked-up hard copy.

An electronic backup of the database will be made and stored as the current working
version. After backup, the DQE team reviewer will be given access to the original
electronic EDMS/A-EMIS database for electronic review of the EMIS template tables.
The data management team will provide queries incorporating appropriate joins between
the key fields of the EMIS template tables. Queries will be performed by the DQE
reviewer using the guidelines described above. Comments will be noted on a Review
Comments Form and returned to the data manager.

The data management team will determine what action, if any, is necessary to address the
Review Comments for each EMIS deliverable. Actions taken will be noted on the
Review Comments Form, initialed, and dated. The Review Comments Form and
marked-up hard copies will be added to the data management file under "Internal
Deliverable Review Comments." Depending on the nature of the comments and their
resolution, the EMIS template tables may have to be regenerated and reviewed again.

If subsequent reviews are neeessary, the data manager will return the marked-up hard
copy, the Review Comments Form, and the corrected hard copy to the reviewer. The
review process will continue until all exceptions identified in Review Comments Forms
are resolved and verified.

After resolution of all internal review comments, the draft EMIS tables (Lotus 123 v.2.2
templates) will be placed on one or more 3.5-inch high density disk(s) (formatted using
MS-DOS) with the files in a self-extracting compressed format (PKZIP 2.04). Each disk
will be labeled with the following information:

¯ Name of Facility: DDMT

¯ Contractor Name:

rngmDDMT-WF2~t4 VCP~ 14-12
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A. Executable File Name:

EMIS File Name(s): EMIS SL, EMIS_WC, EMIS_LD, EMIS_SD,
E S_WL, EMIS_SP, EMIS_Am,

¯ Date of Submission:

A transmittal letter will accompany each data submission and will specify Contractor
name, Contract number, Subcontractor point of contact, and a list of the file* submitted.
Additional explanation regarding the procedure for uncompr~_~ion of the files wiU also be
indicated. Urdcss directed otherwise, di~le(,s) containing draft and final EMIS fil~ will 
transmitted by the data manager via overnight delivery to the client’s data manager.

The client’s data manager should notify the PM immediately if any problems are
encountered lo~dlng the draft EMIS electronic data deliverable into EMIS. This will
allow the data management !~m to take any corrective actions needed and to include a
corrected file(s) in the final EMIS electronic data deliverable.

The client’s data ~er will provide the PM with a hard copy of review comments.
The data management team will determine what action, if any, is necessary to address the
comments. Actions tat-~a will be noted and explained to the extent necessary on the hard
copy Comment Response Form, initialed, and dated. The client’s data manager’s Review
Comments Form will be added to the data management file under "External Defiverable
Review Comments." Depending on the nature of the comments and their resolution, the
EMIS template tables may have to be regenerated and checked again.

After resolution of the client’s data manager’s comments, the final EMIS deliverables will
be packaged and mansmitted as described above for the draft deliverable. Copies of the
final deliverables sent to the client will be archived by the data manager.

14.10 Postmortem

Any manual changes made to the electronic data by the cheat’s aat~ matter af~ the
transmission of the final electronic deliverable will be documented as at,p, vpriate in the
database and in the data management file to ensure that the data contained in the
EDMS/A-EMIS database is identical to that in the client’s database.

An archive of all the data on both file servers will be made to tape in a standard format
(QIC-80, 8mm, ere) and stored with other project documentation, according to existing
guidelines. The data will then be kept on both network file server, for 6 months. At the
end of that period, a second archive will be made as described above and stored. At that
time, unless the data is being actively used or modified, it will be removed from both
network file servers.



If any subsequent changes nccd to be made to the data, it will be restored from the latest
tape, modified, archivcd as indicated above, and removed from the network file scrvcrs.
Unless problems occur with data restoration, the primary sourcc for non-datab~ and
databasc files will be the archives. All laboratory dclivcrables (cithcr hard copy or
ele~unic) will be retained by the laboratory for a pe..dod of 7 years.
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DDMT ACRONYMS

i Acron~’m
Meaning/Explanation

"~2-C LMG dcstgnation for non-CLP Pesticide standard rmxturc of single component pesUcld~ and surrogate, (22
components)

BF’B Bromofluorobcnzen¢
CCB Conunumg Calibration Blank
CCC CahbratJon Check Compounds

CCV Contmning Calibration Venticadon

CDA Comma Dehrmted ASCII

CLP USEPA Contraa Laboratory Program
COC Chain of Custody
CRDL Contract P.cqtured Detection Litmt - defined in CLP SOW for InorF#nics
CRQL Contract Roquired Quantitauon Lzmit - defined in CLP SOW for Orp.mcs
CVAA I Cold-Vapor Atomic Abso~uon
%D Percent Difference
DEM Dcgradauon Eva)uauon Mix.re (LMG deslgnauon for 8080 work), measures Emlnn and 4,4’-DDT

degradation)
DFTPP Decalluorotriphenylphosphine
EDL Estimated Detection Limit
EMIS Envlrom’nental Manasement Inform~on System
GC Gas Chromatography
GC/MS Gas ChromatoBzaphy/Mass Spcc~omeU7
GFAA Grapluee Fttmacc Atonuc Absopuon
IC’B lmtial CahbraUon Blank
ICP Inductively Coupled Plasma
ICSA/ICSAB InterferenCe Check Samples (ICP)
ICV Initial Cahbrauon Verification
,?.V Initial CahbraUon Vedication

IDL Immanent Detection Lmut
IEC Inter-Element Correction Faclor ~ICP)
INDA Pcsttctde smgle component mixture A - compounds and concentration defined m CLP SOW

The 3 levels arc named INDAL) INDAM. and INDAH ~as ~ed m SOW)
INDB Pesuc~de single component mixture B - compounds and com:entratton defined m CLP SOW.

The 3 levels are named INDBL, INDBM. and INDBH (as specified m SOW)
IR Infrared Spectrophotometer
IS Intcmal standard
LCS Laboratory Control Sample
LCSD Laboratory Control Sample Duplicate
LIMS Laboratory Information Management System
LMG QAL Montgomery Lab
MDL Method Detection Ltrmt
MS/MSD Matrix Sptke and Matrix Sptke Duplicate
MSA Method of Standard AddlUon
PCB Polychlonnatcd blphenyl
PCB LOC PCB Locator = mixture ofaroclors 122 I, 1248. and 1260 -which contam most PCB congener peaks "this

standard is used to prey,de all neo~’~,T peaks to idenof~ areclors m samples
PEM Performance Evalualmn Mixture - compounds, conccntrauons, and cntena (degradaoon and RF) defined to

CLP SOW
PIBLK Pcsuctdc/PCB msmtment blank - CLP nomenclature
%R Percent Recovery
RESC Rcs, olutton Check N~x’~rc - compounds, concentration, and cntena defined m CLP SOW
F Response Factor

RL Lab Rcporhng LtmJt
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DDMT ACRONYMS

Acroll~,m Meaning/Explanation
"~PD ! Relative Percent Dtffemnce
RRF Relauve Response Factor
RRT Relauv¢ Rclcnuon Time
RSD Relative Standard Dewatton
RT Retention Time
RT window Retention Time window
SOP Standard OporaUng Procedures
SOW CLP Statement of Work. We are currently followmB OLM01.9 for Or~ics and ILM02 1 for InorBanics
TAL Target Analyte LisI - as defined in Inorgamc CLP SOW
TCL Target Compound List - as defined m Orgamc CLP SOW
TEF Toxiclt~ Equivalent Factor
TIC Tentatively Identified Compound

B-2



PROJECT: MEMPHIS DEFENSE DEPOT
GENERAL CHEMISTRY

LE~L2 LEVEL 3

NO PROCEDURAL CHANGES IN SAMPLE PREPARATION

Instrument Calibrauon I/day l/day

Method Blank l/batch of 20 or less I/batch of 20 or less
Target Analyte < Reportmg Litmt Target Analyte < Reporting Limit
(RL) (RL)

lmttal Cahbration/lCV I/day I/day
EPA Methods 90-100% EPA Methods" 90-110%

CLP-Cyamde: 85-115% CLP-Cyanlde: 85-115%

Continuing Calibrauon Same as above Sameasabove

MS/DUP Recovery 80%- 120% Recovery 80%- 120%
RPD <20% RPD <20%
TSS DUP Only TSS DUP Only

LCS l/batch l/batch
Recoveries Cyamde 85-115% P, ecovenes Cyamde 85-115%
Rovenes EPA Methods 90-110% Reeovenes EPA Methods 90-110%

Reporting Lewis Water Sotl Water Sod

CN CRDL 10 ug/L 1 0 mg/kg
CN 10 0~tg/L 1.0 mg/Kg TSS 4.0 mg/L -NA-
TSS 4 0 mg/L -NA- F 0. l0 mg/I.. 1.0 mg/kg
F 0 10 mg/L I 0 mg/kg

I 2.0 mg/L 20 mg/Kg
I 2 0 mg/L 20 mg/Kg Br 2 0 mg/L 20 mg/Kg
Br 2 0 mg/l 20 mg/Kg

[ (IC) 0.1 mg/L 1 mg/Kg
I (IC) 0 1 mp./L I mg/Kg

Br(IC) 0.1 mg/L l mg/Kg
Br (IC) 0 1 mg/L 1 mg/Kg

Dilutions ff Linear Range is Exceeded If Linear Range ts Exceeded

Report LIMS Report CLP Report

Review Peer or Supemsor Peer or Suporvlsor

Price

pH (EPA 150 I)
Cyamde (CLP-SOW)
Total Suspended Sohds ( EPA 160 2)
Fluoride (EPA 340 2)
Iodide (EPA 345.0. Tttrametnc OPhospholine Iodide)
Iodine (EPA 300 0), Ion Chromatography (1C)
Bromide ( EPA 320 [). Tttramemc
Bromide (EPA 300 0). Ion Chromatography (IC)
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¯ PROJECT: MEMPHIS DEFENSE DEPOT

CATIONS

LEVEL 2 LEVEL 3

NO CHANGE IN SAMPLE pREPARATION

[nst~me.~t Tune ICP Scan No GFAA CLP/SOW Criteria

Hg - by CVAA CLP ICP + GFAA+CVAA

Instrument Blank Target Analyte~t <5xCRDL Target < CRDL

Method Blank 1:20FFarget Antlytes <5xCRDL 1:20
CLP Criteria

Initta[ and CCV/CCB 1:20 Calibration: CLP Criteria
Continuing Calibration CCV 70 - 130% recoveries CLP ICV % Recovery

C,tlibradon: 90-I10% ICP, GFAA
ICP Blank + I gan’dJud 80-120% Hg
Hg Blank + 3 standards 85-115% CN

CRA/CRI @ I/rim
2/rim ICP

Interference Check ICSA Beginning 1 ICSA/ICSAB 80-120%
ICSAB End I 70-130% I ~.~/ICP nm

MS/DUP Post Spike h20 I MS I:2Q
MS,’DUP 1:20 or as requested 1 DUP 1:20

GFAA Post Spikes
85-115% (every sample)

LCS 1:20: Soil - EPA Criteria (0287) h20; Soil - EPA Criteria (0287)
Recovery 70-130% H20 % Recovery 80-1209[, H,0

Reporting Levels As 100 [CP & Hg CLP Criteria
Pb 50 Same as CRDL
Se 6O
Ti 60 (See Attachment)

Dilutioas Any sample r~’pomm |0% above CI.P Criteria
Line*r Range

Report LIMS Form I CLP Cnteda

RCViGW Analyst 100% CLP Criteria
Techmcal Review I0%

PFIc~
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OC P~ticid¢, and PCBs by GC/ECD

"-"- Qua[itv Control DOQ !..¢v¢12 Criteria (Scr~n) DOQ Level 3 Criteria {CLP SOW OLM01.9)
l~[l~llUelit blauks As needed. Targets < 5 x RL At CLP SOW specified frequency Targets < I/2

CRQL
Method blaoks + Targets < 5 \ CRQL Targets < CRQL

VlS/’MSD Frequency = I set I 20 sampl~ Frequency = l set / 20 samples
Use lab generattd Imuts as advisory Recovery Use CLP limits - CLP does not reqmr~ corrta:tlx e
outside of hmtts will be investigated for possible action.
explanation.

Sttrrogatc spikes Use lab generated limits as advisory Recovery Use CLP hnuts - CLP does not requirt correco,,e
outsld~ of hmlts ,.,,all be investigated for po.~ible action.

explanation
LCS (a blank spike is No criteria Not rcqmred by CLP SOW
ireppcd ~slth every
MS/MSD for mterital
QC & control chartm,~)
huthll Gihbrntion DEM - Endnn and 4.4"-DDT Standard CLP requtmmen~

degradation must each Ix <30% RESC - check resoluUon

3 point of single-component pesucides (2242 nux) PEM - check degradation (Endnn
should produce cormlat,on coefficient > 0 95 or and 4.4’-DDT each _< 20%. combined < 30%)
25%RSD (lineanty check) All multi-component targets at CRQL (smgh: pl )

PCB LOC at RL (to be used for idant~cauon) 3 levels of single-component pcs[icldes to
Toxaphene/Clflordane at RL demonstrate instrument hnean~ {[NDMIHDB)

Continuing cahbraUon M~d-lev¢l 22-C - should Ix _<25%D from tulual. CLP specified standards and frequency.
Then recahbrate with this as single point. PIBLK/PEM and PIBLK/INDAM/INDBM
Frequency = after every 20 sampl~ alternating to bracket 12 hour blocks RF < 25%

(appro~mately every 12 hours) from imUal and degradauon cntcna same as
lmtJal

Mid-level muld..component standard of any hit m Mulu-component targets found m any samples

a sample - should Ix run wtttun 48 hours of wdl be nm within 72 hours of sample (for

sample This single point ".,,all be used to calculate. Ident~eataon) Calc. from iniUal single poiw+
RetcnUoo tithe No defined RT wmdows Analyst wall compart CLP spoc~,ficd RT windows
windows RT and/or RRT to nearby appheable standards

when targets are tcntativel)’ identified
Internal slandalds Internal srandard quantJmuon will be used. No As s’~ed in CLP SOW, only external standard

quantttaliv¢ cntena for IS response. quanutat]on will be used.

Cleauup (Sulfur Pest. and Pest/PCB vail go through CLP approvod Ch~aups will IX perfonaed as slx:~fied m CLP
removal with Hg for all lots of flonsd SOW vath CLP criteria Flonsil for all saml)les
PestJcldes/PCBs) PCBs vail be partitioned against sulftmc acid and GPC for all soils.

(which Is a ve~ effecuve cleanup)
Seo0t~-columrt Second column confirmaUon ,,,nil be done as As reqmr~ by SOW - dual column analysis v, qth

coofirnmttoo needed and vail have same cntena as pnmary same criteria fro" both columns. CLP SOW (toes
But as long as criteria is met on one column, not designate pnmao’ and confirmation
analysts vail continue.

Reporting lurers - may CLP SOW CRQLs CLP SOW CRQLs
, ¯ atv depending on
! chromatographic dah’l
Ddnttons As needed to provide accurate quantttatioo Per CLP SOW

Single component pesticides vail Ix vothm tmtlal
curve range Multi-component targets are
calculated from single point and will be chluted to
be within approximately 20%-200% of standard.
(this ,s the typical range of 5 pomt curve for 8080.
CLP has no cntena for dlluuon of PCBs or Tox )

Report Form [S CLP Forms
EData CDA
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-- Herbicides by GC/ECD

Quality Control DOQ Level 2 Criteria (Screen) DOQ Level 3 Criteria (81S0/8151)
astCumcnl bl,lztks Opuonal. As needed TarBets < 5 x RL Opt,onal Analyzed as needed Targets < RL

Method blald~s Targets < 5 x RL Tarsets < CRQL
MS/MSD Frequency - I set / 20 samples Frequency " I sat / 20 samples

Usa lab generated hmlts as advtsow Recovery Use lab generated hrmts
outslde of limits wdl be mvestigateq for poss.lble
cxplanatton

Surrogntc spskes Use lab generated hmltS as advlsoW. Recovery Use lab geuemted hnuts
outs,de of hmits wtll be mvesttgated for po~,ble
explanatton and correctwe ac’hon

LCS (a blaak sptke ss No cntcna Frequency = I per MS/MSD
prepped wath every Usa lab generated acceptance hmtls ffMS/MSD
MS/MSD for mtental does not meet cntena.
QC & control chltmug)
hntml cahbratlon 3 pomt of all targets and surrogates. Curve 5 porat of ull targets and surrogates Cur,,e>

should _> 0 95 correlauon cuefficlent or 25e/d~,SD 0.995 coo’elation ccw..~ctent of 20% RSD
Estabhsh imual RT windows

Coltunutng caltbratton IVhd-level mj¢,c:ted a.~er every 20 samples Mid -level injected after every 10 samples
(approxsmatcly every 12 hours). Criteria t25%D Criteria" < 15% D from ramal
from tmUal. Then recahbrate wath ties as sragle RT windows can be updated once a day
pomt.

Retetmon lime No defined RT windows. Aztulyst wall compare RT windows are based upon actual retentmn time
wtndows RT and/or RRT to nearby applicable slandards variation measured m accordance wnh Method

when targ~s ~e tentattvely identified 8000 published in SW-g46. Te_q Methods for
Evaluating Solid Waste. Tlurd Edmon. Nov 1986
Can be updated once per day

"tternal st,mdards Internal standald quanutauon wall be used. No Internal standard quanutauon wdl be used No
quantttauve critena for IS response quantitatsve cntena for IS response.

Cleanup Cleanups will be perfonmed as descnbed m lab Cleanups wall be performed as descnbed m lab
SOPs.. SOPs.

Second-column Same cntena as pnmary. But as long as cntena Same cntena as primary. But as long as cntena
confirmauon - will be ts met on one colunm, analysts wall coobnue ts met on one column (and confirmation of any
done as needed compound cxcoedmg hnuts ts not needed)

analysts wall conunue.
Reportrag lumls - may Typteal lab RL (attached) Typtcal lab RL (attached)
’,,a~ depending on

chromatoEraphac data
Dllottons As needed to pro~do accurate quanutauon As needed to prevent target corn .l~unda from

Diluuom wiO be performed so that targets are exceeding tmqnmlcnt caisbrauon range
wUien tmdal ctw,’e ran/~e.

Report Form Is CLP-hke forms
EData CDA

B-6 4/2 7/’U,
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ear Aromatic Hydrocarbons) by GC/FID

L

~Quality Control DOQ Level 2 Criteria (Screen) DOQ Level 3 Criteria (8100~
hgtmment blanks Optional As needed TarEets < 5 ,~ RL Opuonal. Analyzed as needed Targets < RL
Method blanks T~s~<SxRL Targets < CRQL
MS/MSD Frequency = I set / 20 samples Frequency = I set / 20 samples

Use lab generated hmits as advisory Recovery Use lab generated lmuts
outside of limits will be tnveshgated for possible
explanation

Surrogate spikes Use lab generated Ittnlts as advisory Recovery Use lab generated hmmLs
outside of hm,ts will be investigated for possible
explanauon and correcUve n~lon

LCS (a bhmk spike is No cntena Frequency = 1 per MS/MSD
prepped v, ah eve~ Use lab generated accep4anc¢ limits if MS/MSD
MS/MSD for internal does no[ meet criteria
QC & control chanm~:)
Initial c~’lllhra t too 3 porat of all targets and surrogates Curve 5 point of all targets and surrogates. Curio _="

should >__ 0 95 correlanon coefficient or 25%RSD0 995 correlation coefficient or 20% RSD
Establish tutorial RT windows

Continuing calibration Mid-level injected after every 20 samples Mid -level iny:cted after every 10 samples
(approximately every 12 hours) Cntena" <25%D Cnterm’ < 15% D from tmual
from mioal. Then rceahbral¢ with this as single RT windows can be updated once a day
point

Retention time No defined RT windows Analyst will compare RT w’mdows ar~ based upon actual retention Ume
wu~dows RT an~/or RRT to nearby apphcable standards variation measured m accordance with Method

when targets are tentatively =dennfied 8000 pohhshed m SW-846. Test Methods fo:
EvaluaUng Solid Waste. Tlurd Echtmn. Nov i986
Can be updated once per day.

.ntental standards Internal standard quanUtauon will be used No Internal standard quanutation v~ll be used No
quanUtaUve criteria for IS response quanutauv¢ cntcna for IS response

Cleanup Cleanup necessity and teckmqne wdl depond on Cleanups will be performed as descnbed in lab
matnx SOPs.

Socond-column Same cntena as primary But as long as cntena Same cntena as pnmary. But as long as cntena
confirraation - will b¢ is met on one colum~ analysts will cononue is met on one ¢olunm (and confirmation of any
done as needed. compourld exceedmg hnuts ts not needed)

analysis wtll conunue.
Reporting hm~ts - may Typ,cal lab RL (attached) Typical lab RL (attached)
van, depei~mg on
chramatographtc data
Dilutions As needed to prowde accurate quantitatmn. As ueeded to prevent taxget coml~ouods from

Dilutions will be performed so that targets are exceeding mslnJment calibration range

w~thsn tmUal c’u~e ran,~e
Report Baso level (spreadsheet) or Level 1 Form Is CLP-Iike forms
EData CDA

B-7
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PROJECT: MEMPHIS DEFENSE DEPOT
GC/r, LS

LEVEL 2 [ LEVEL 3

NO PROCEDURAL CHANGES IN SAMPLE PREPARATION

[ ns.h’ument Tune 1/24 Hrs. Every 12 Hours
or Tune Verification Full Method Compliance Full Method Compliance

Method Blank l/day/insm~mem or I/batch 1/20 or l/Batch

or ts needed Common Contaminants -
Target Analytes <5 x RL CLP Guidelines

Initial Cahbrmion 3 Levels 5 Levels (VOA IO-200)
(VOA 10-200) (SVO-20-160)
(SVO 20-160) Method Crhena
RSD <50%; Minimum RF - None
Select List of Comlk~unds
(CCC)

Continuing Cahbration Mid Point: I/day Method Criteria
RPD <__50%
Select List (CCC + SPCC)

MS/MSD I pair/20 ~tampJes Or ItS required 1/20 Per Matrix
Method Specified List Method Specified List
%R within + 20% D from Method Method Critent
Criteria

Surrogatea All samples.. Resn~yze if All sample*
<10% - >200% of method CLP Critcna
specified recoveriea
I out each fraction

VOA, B/N, ME

Internal Standards Every injection Every injection
+ t50%, -75% Method Limits
up m 2 out (+ I00%. -50%)
AnaJyst’s discretion

Second Vendor Standard None Amdyze alter each new stock

calibration m~x

Sample Screening As needed As needed

Sample Cleanup If needed CLP Guidelines

Reporting Levels CLP/CRDL CLP/CRDL

Ddutinns 20% above the highest standard CLP Guidelines
Analysts" discretion

Report Form l; E-Data - CDA QAL Level 2

Review Analyst 100% Analyst 100%
Tech Review 5% Forms 100%

Tech Revmw 100%

Price

B-8
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TRIANGLE LAB.f
DIOXIN, g/FURANS

GCJMS

NO PROCEDURAL CHANGES IN SAMPLE pREPARATION

Instrument Tune ~mc Verified pnor to each sample.
per method and instrument

speczficanons

Method Blank 1/20 or batch, target analytes 1/20 or batch. Target anal~es <
<IDL 2% of internal standard

lnmal Cahbratton Same 5 pomt RSD <15%

Contmmn~; Cahbrauon Same Midpoint 1112 hours %D < 30%

MS/DUP Same 1 Pair/20 Samples, method
analyte, % recovene~ 50-150%

RPD < 50%

LCS/LCSD Same When MS/DUP not requested
same a~lJvtes ~. cntenai

Su rrogat~-Jlntemal Standards Same All samples: % n:coveries 25-
150%, some out - analyst

&screuon

Recovery. Standards Same All samples: stgn~ to noise >
10 1: retendon time u~tthm 10

sec of cahbrauon

SampLe Screenm~ If needed ff needed

Sample Cleanup Salnc As per method

Reportmg Levels San’~ EDL’s. Sod Water
Tetra I ppb or I0 ppt

Penta Hcpta 2-5 ppb or 25 pp~
Octa 5 ppb 50 ppt

Ddutzons On saturated p-*kt exceeding On aaaiytes greater than
linear range. cahbrauon range at client request

~char~eable reran?

Report Formatter (Form D: Case Full CLP p=_ck~ge.
Narrauve, Sample

Documentanon

Review Data Review. Peer Rcvlew/QC Data Re,new, Peer Rcwew/QC.

Second Column Confirmataon No ffTEF> 7pp~ (water) orO 7 ~

Isoll)

B-9
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