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Foreword

The Rev. 1 Memphis Depot Main Installation Remedial Design (RD) Workplan was

approved by EPA on May 2, 2002. However, that workplan did not contain the Long-Term

Operational Area (I.TOA) Technical Memorandum within Append*x A because that report

had been temporarily removed pending achon on comments by the Base Realignment and

Closure (BRAC) Cleanup Team (BCT) "1hat action has been completed and the revmed, final

LTOA Technical Memorandum, including all changes made as a result of the comments, is
enclosed hereto

In additaon, changes have been made to the t:nhanced Bioremedlation Treatment (EBT)

Treatability Study Workplan, contained within Appendix B, subsequent to EPA approval as

a result of comments made on the document by the Remedial Process Optimization (RPO)

group These comments were received on May 14, 2002. Rather than issuing a separate page

for each reqmred change as part of an errata sheet, the EBT Workplan incorporates these

changes because the entire RD Workplan is being zssued as an electronic document. The

changes include

1 Page 4-1, Seventh bullet, Second sentence The word "Seven" has replaced the word
"SIx".

. Page 7-1, Fourth paragraph, Last Sentence: The sentence read "IT_erefore, the nnxture

rejected into the aqmfer should not have less than 2 mg/L electron donor substrale." The

sentence now reads: "Ther6_re, the mtmmum substrate concentrahon m groundwater after

mjectton into the aquzfer will not be less ttran 2 mg/L."

3 Table 6-1, Column entailed "Description", 4th item down The number "19 has replaced

the number "28" and the number "7" has replaced the number "20".

4 rable 6-2, In the "Matrix and Analytes" column, Under the Vegetable Oil, Lactate, and

Tracer portion "VOCs" has replaced "TAI./I'CL"

5 Table 6-2, In the "Method" column, Under the Vegetable Oil, Lactate, and Tracer

portion" "8260B" has replaced "TAI.,/'I CL".

6. Figure 2-4 has been revased as a result of comment_ made by the BCT on the

potentaomelric surface map contained within the LTOA Technical Memorandum.

All changes, except for No. 6, were supposed to have been made prior to submittal of the
Rev 1 version of the document and the action here does not effect the efforts made in the

field portion of the treatability study as they have already been acknowledged as part of the

project plan.

Al'L_P"_lS049"_TASKRO03 I_P_MEDt_L DESIC,,N_'EV2MIRDWORKPLAN_X3_FC,_EWO_DDOC t
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1.0 Introduction

This Remedial Design (RD) Workplan for the Main Installation (MI) of the former Memphis

Depot (Depot) in 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-D-O009. This document is in accordance with the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the

Superfund Amendments and Reauthorization Act (SARA), and to the extent applicable, the

National Oil and I lazardous Pollution Contingency Plan (NCP). This workplan is also

consistent with the Record of Declston (ROD) for the MI issued on September 7, 2001.

This document comphes with CERCLA guidance on conducting an RD and has been

submitted to satisfy the requirements outlined by the Base Realignment and Closure

(BRAC) Act as well as requirements set forth by the BRAC Cleanup Team (BCT) for the

Depot. The BCT, which is composed of representatives of the Defense Logistics Agency

(DLA), Tennessee Department of Enviromnent and Conservahon (TDEC), and the U.S

Environmental Protection Agency (EPA), will monitor 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 issuance of this RD Workplan,

a Long-Term Operational Area (LTOA) investigation was conducted from September

through December 2001 at the MI at the request of TDEC. The following reformation was

included in the ROD to address the pre-ciesign LTOA data collection achvtty'

"TDEC requested additmnal confirmation that no dense non-aqueous phase hqmd
(DNAPL) sources occur beneath hzstoric long-term operational areas on the MI.

There is no evidence from the [Remedial Investigation] RI and groundwater

[Feasibility Study] FS that a DNAPL is present in the groundwater on the MI,

however, the Depot and EPA agreed to complete this testing prior to beginning the

remedial deszgn. The pre-design tests will include drilhng new soil borings and

monitoring wells at selected Iocahons within the MI and obtaming soil and

groundwater samples for targeted laboratory analysis. The results of these pre-deszgn

tests are not expected to change the effectiveness of the selected remedy for

groundwater; however zf results of the pre-deszgn tests indtcate a szgnificant or

fundamental change to the remedy zs warranted, then an Explanatmn of Stgnzficant
Differences (ESD) or a ROD amendment would be reqmred in accordance wzth
CERCLA §117(c) and NCP §§300.435(c)(2)(i) and (zi)."

The results of the LTOA investigatmn, which are presented as Append,x A to this workplan,

have been used to supplement the Enhanced Bioremediation Treatment (EBT) Treatabflxty

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.

ATLP_I6049_TA_RD03.MIR_DLM. DESIGNg_EV 2MIRDWO_TEX_WORDFILES_REV 2MIRDWORXPLAN DOC I-1
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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 Action (RA) objectives for the MI;

• Present the RD tasks along with a schedule for accomplishing each task; and

• Identify major deliverables and their submittal dates.

1.2 Organization of RD Workplan

This RD workplan is orgamzed as follows:

Section 2

Section 3

Section 4

Section 5

Section 6

Appendzx A

Appendix B

Appendix C

Site Description

Remedial Design Tasks

Remedial Design Schedule

Project Management Plan
References

LTOA Technical Memorandum

MI EBT Treatability Study Workplan

August 1995 Final Generic Quality Assurance Project Plan

(amended)

ATLOVI6049_T_RD03 _M1R£MEOIAI. OESIC_ 2 MI ROWOf_TEX'P_WO_ FU.ES_REV 2 MIROWO__ DOC I-2
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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 in September

1997 under the BRAC Act The Depot is located in southeastern Memphis, Tennessee

(Figure 2-1), approximately 5 miles east of the MissLssippi River and just northeast of

Interstate 240. The Depot includes two components: the MI, which is the focus of this

workplan, and Dunn Field Airways 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 MI. The facility includes approximately

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

space

For the purposes of completing the remedial mvestigahon (RI) and feasibility study (FS),

while complying with BRAC requirements, the term "Functional 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" (OU) designation and are based on common past and anticipated future use of the

land on the MI. The MI is divided into six FUs A seventh FU is the groundwater beneath

the MI. The FUs are defined m Table 2-1 and shown graphically on Figure 2-2 The ROD for

the MI addressed FUs 1 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 hsted as TN4210020570.

2.2 Site History and Enforcement Activities

Starting in the 1940s, the Depot received, warehoused, and distributed supplies common to

all U S. military services and some civil agencies. Activities at the MI included storing and

shipping various materials (e.g, food, clothing, medical supplies) and industrial supplies

(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 (POL),

paints, pesticides, herbicides, wood treating products, oxidizers, corrosives, and reactives.

Types of past activities that led to the presence of hazardous materials in the environmental

media at the facility included pesticide applicahon, painting and sandblasting, vehicle

maintenance, and hazardous material handling/storage Other historical activities m open

and enclosed storage areas included storing transformers with polychlorinated biphenyls

(PCBs), storing and using pesticides/herbicides, and treating wood products with penta-

ch/orophenol (PCP). These industrial activities (e g, .sandblasting of lead-based paints,

An.P 1160492_TAS_ RD 03 - MI RFJ_EDIAL DES_ 2 MI RD WOR_TEXT_WORD FILES_REV 2 MI RD WO__ IX)C 2 1
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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

se&ment 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) Facility Assessment (RFA) at the facihty through a contact 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) of

CERCLA, Title 42, Section 9620(d)(2) of CERCLA, and Title 42, Section 9620(d) (2) of the

United States Code (USC), EPA prepared a final Hazard Ranking System (HILt3) Scoring

Package for the facility. On the basis of the final HRS score of 58.06, EPA added the

Depot to the National Priorities List (NPL) by publication in the Federal Regzster (FR),

57 FR 47180 No. 199, on October 14, 1992.

On March 6, 1995, a Federal Facilities Agreement (FFA) under CERCLA, Section 120,

and RCRA, Sections 3008(h), and 3004(u) and (v), was reached by EPA, TDEC, and the

Depot. The FFA identified a hst of sites for investigation. Table 2-2 of the MI ROD

presents these sites. The FFA also outlined the terms under which the investigation 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 requirements for

property transfer under Public Law 101-510 of Title XXIX, Defense Base Closure and

Realignment. After the Depot was placed on the BRAC closure list, the City of Memphis

and County of Shelby established the Memptus Depot Redevelopment Agency, now the

Depot Redevelopment Corporation (DRC), to plan and coordinate the reuse of the

Depot. The DRC conducted several pubhc meetings during the preparation of its

Memphis Depot Redevelopment Plan to obtain community feedback on future land use

plans. The Memphis Depot Redevelopment Plan was approved in 1997.

• From 1995 through 2000, the Depot conducted an RI/FS under EPA, TDEC, and DLA

oversight. The RI workplans were prepared in 1995 (and amended in 1998), and the RI

report was finalized in January 2000. Separate FS reports were prepared for the soils and

groundwater on the MI. Both FS reports were fmahzed in July 2000. The Proposed Plan

for the MI was finahzed m August 2000.

In addition, a number of interim remedlal 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 (Bu|lding 737), respectively.

The removal of surface softs containing elevated metals and polynuclear aromatic hydro

ATLP_160492_TASKRD03. MI REMEOPq_ DESIGN_ 2 MI RD W(]f_,G)LAN_'I_W'C_;D FR.ES_ 2MIRD__DOC 2-2
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carbons (PAHs) near the southwest comer of the MI (FU3) was completed in August 2000.
IRAs that have been performed at the MI are detailed below.

• Approximately 602 cy* of surface and subsurface soil was removed from the PCP dip vat

area in FU4 (Building 737) because of elevated levels of PCP (completed in 1985).

• Approximately 5,000 tons or 3,700 cy 3 of surface soil in 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 Subtitle D landfill. 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 soil was disposed at a RCRA-permitted Subtitle D
landfill.

Approximately 980 cy3 of surface and subsurface soil from near Buildings 1084, 1085,
1087, 1088, 1089 and 1090 was removed because of elevated levels of metals and PAHs

(began in May 2000, completed m August 2000). The soil was disposed at a RCRA-
permitted Subtitle D landfill.

In addition to these IRAs, one other remedial action (RA) was accomplished in July and

August 2001. Approximately 300 cy 3 of surface soil 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 kilogram (mg/kg)

and were disposed of at a RCRA-approved off-site landfill. Following excavation of the

contaminated soft, clean backfill was placed m all areas excavated, and the enhre area was

restored to pre-RA conditions. To accomplish the removal, the DLA exercised its removal

authority under CERCLA Section 104, as delegated in Executive Order 12580, and removed

the lead-contaminated soil 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. Th_s remedial achon is documented in the final Remed_ation Report, Removal
Achon at Building 949, dated February 15, 2002.

2.3 Planned Response Actions at the MI

The ROD detailed several RAs to achieve acceptable residual risk levels and allow for the
planned industrial and recreational land use for the Ml These include:

Restrict (1) future residential land use (except for the existing Housing Area in FU6) in

FUs 1 through 6, (2) day care operat|ons in FUs 1 through 6, and (3) casual access to FU2

from adlacent 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 soil m the Housing Area of FU6,

BRAC Parcel 2, was removed because of the presence of dieldrin. The Housing Area is

the only portion of the MI that may be used for future residential purposes, according to
the DRC's Memphis Depot Redevelopment Plan. As such, it has been restored to meet the

risk criteria for both industrial and residenhal use Analyhcal results from soil samples

AT1.PH60492_TASKRO03 MIREMEOg_LOESIC_/ 2MIf_WOf_?EXT_WORDFILES,,REV 2MIRDWORYJ:_ OOC 2-3
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collected m 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 residenhal use. Land use controls will be placed on these areas to prevent future

residential use and day care operations, etc.

• Prevent future groundwater use on the MI while concentrations of chemicals of concern

(COCs) are above maximum contaminant levels (MCLs).

• Reduce to MCLs the concentrations of COCs in groundwater within the entire plume

both on- and offsite of the MI.

• Conduct 5-year reviews of the RA according to Section 121(c) of CERCLA and NCP

§300.430(f)(5)(n0(C ) if there are any hazardous substances, pollutants, or contaminants

remaining at the site above levels that would allow for unlimited use and unrestricted

exposure. The review will be conducted no less often than every 5 years after the
inihation 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 will be

completed through a through a land use controls implementation plan (LUCIP), as

described in Section 2.5.1.1.

2.4 RD/RA Objectives

Remedial action objectives (RAOs) are medmm-specific goals that the RAs are expected to

accomplish to protect human health and the environment. They guide the formulataon and
evaluation of remedial alternatives. RAOs have been developed to reflect the antiopated

future land use for the MI in accordance with EPA Policy, Land Use in the CERCLA Remedy

Selectzon Process (OSWER Directwe No. 9355.7-04).

The groundwater RAOs are expected to prevent ingestion of water contaminated with

volatile organic compounds (VOCs) sn excess of MCLs from potential future onsite wells;

restore groundwater to levels at or less than MCLs; and prevent horizontal and vertzcal

offsite migration of groundwater contaminants in excess of MCLs. The MCLs for

trichloroethene (TCE) (5 micrograms per liter [lag/L]) and tetrachloroethene (PCE) (5 lag/L)

are the relevant and approprsate requirements for groundwater beneath the MI.

The surface soil RAO for protection of future on-szte residents is to prevent direct

contact/ingestion of surface soils contaminated with dieldrin and arsenic in excess of

human health risk assessment (HHRA) criteria for residents and to prevent direct

contact/ingestion of surface soils contaminated with lead in excess of risk-based criteria for

protechon of residential children.

The RAOs will reduce the excess lifetime cancer risk (ELCR) and hazard index (HI)

associated with exposure to contaminated soil to acceptable levels for future workers and

will prevent future residential development of the site. This will be achieved by reducing

An.P _d60492_TASXRO 03 - MI REMEDIAL_S_e_REV 2 MI RDWOrTh.WORD FILES'_EV 2 I/_ RD WORKPLAN_OOC 2-4
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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 reduction of lead to the target cleanup level has been accomplished with

removal of soil from the Building 949 area.

Because there are no federal or state clean-up standards for soil contamination, these clean-up

standards were estabhshed on the basts of the HHRA. Targets were selected that wdl (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 dtscussed below.

2.5.1 SurfaceSoil

2.5.1.1 Land Use Controls

Land use controls will leave contaminated surface soil in place, but will provide deed

restrichons, in addition to the existing land use controls, thereby limiting exposure by
defining the future use of the MI.

Deed (including lease) restrictions wdl restrict residential land use in FU1 through FU6

(exclusive of Parcels 1 and 2 in FU6 which are available for unrestricted use) where dieldnn,

arsenic, and/or lead in the surface soft pose an unacceptable risk for such use. Residential

use controls will include preventing day care operations in all FUs. In addition, a boundary

fence surrounding FU2 wdl be mamtamed to preclude casual access by adiacent off-site
residents.

Restrictions and controls will be coordinated with the Depot reuse implementation plans,
and will be included in all deeds and leases The deed restrictions and site controls, m

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_

X b

• Includes day care restncbon.

t, Mamtmnmg a boundary fonce surrounding FU2 to precJude casual access by adlacent off-sde
tesKfents

= Deed restnctv;.ns do not ably to Patois 1 and 2 of FU6

Land use controls selected in the ROD (excluding Parcels 1 and 2 of FU6) will:

AT1.P116049_TASKRO 03 - MIREMEOIALDESIGN_EV 2 MI R9 WO_TT_WORD FILESV_ 2 MI RD WO_ _DOC 2-5
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• Prevent future residential land use in FUs 1 through 6, thus eliminating 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 operations m FU1 through 6.

Applying land use controls will result in the following in each FU (excluding Parcels I and 2

of FU6):

• FUs 1, 3, 4, 5, and 6 are acceptable for industrial use. Land use controls to prevent

residential development are the only remedtal action needed to address unacceptable

risk in surface soils at FU 1, 3, 4, 5,and 6.

• FU2 is acceptable for recreational use. With land use controls in place to prevent future

residential development, and to prevent casual access by adjacent off-site residents

through maintenance of a boundary fence, FU2 can be used for recreational purposes. In

addition, according to Section 24 of the Memphis and Shelby County zoning regulations,

single-family and multi-family residential 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 10147.308-7, 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 controls 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 as

part of the MI RD by the DI,A and the Army. The timing and nature of the monitoring and

reporting for the land use controls shall be specified m the LUCIP. I Iowever, to remain

protective, 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 protection against future residential use that will 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 DI.A.

2.5.2 Groundwater

2.5.2.1 Enhanced Bioremediation

This RA uses injection of nutrients to enhance the natural biodegradation 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
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assumed to be 10 years Therefore, enhanced bioremediation must also include land use

controls and groundwater monitoring.

Preliminary design components will include the following:

Nutrient iniection into the fluvial aquifer will be conducted via borings or wells

Treatment zones wflI be established in the most contaminated parts of the plume within

the MI. Treatability studies will be required to determine injection 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 production 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-

tion, boundary, sentinel, and monitoring wells for the life of the remedy. These restric-

tions 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

restrictions are in 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 first

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

bioremedlation and natural attenuation. Water samples will be analyzed for VOCs as
well as degradation products.

- Boundary wells to detect potential migration of a plume to the MI boundary. Water
samples will be analyzed for VOCs.

- Sentinel wells to detect potential migration of a plume into the deeper intermediate

aquifer. Water samples will be analyzed for VOCs.

Monitoring well maintenance (cleanmg, wellhead repairs) 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 monitoring wells for four

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

variability.

Contingency provisions will ensure that if groundwater contamination exceeds MCLs at

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

Without detailed information regarding the magnitude of MCL exceedances at

boundary or sentinel wells in the future, development of a detailed contingency plan is
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not possible. Rather, should it be determined that the selected RA is not achieving RAOs

and an alternative remediation strategy is warranted, a detailed contingency plan would

be completed at that time. The contingency plan would evaluate the existing s_te data

and evaluate alternatives 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 nolification 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

revised remediahon strategy is estimated at 8 to 12 months, provided funding is

available.

Groundwater sampling conducted as part of the LTOA pre-design data collection activities
have identified additional areas of groundwater contamination on the MI, and higher

concentrations of VOCs from those detected during the RI/FS (see Appendix A). The EBT

Treatabihty Study (see Appendix B) and RD will be adlusted to address this new
information; however, the results of the pre-design tests don't indicate a significant or

fundamental change to the remedy nor is the effectiveness of the selected remedy for

groundwater expected to change.
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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 soil have been executed prior to

complehon of the ROD or will be implemented through completion of the LUCIP

document. The Memphis Depot will implement the tasks described herein to develop the

RD for the Alternative GW3 remedy.

After the RD workplan and the EBT Treatability Study are completed, the RD will begin

with the intermediate design, which will include the draft drawings and specifications,

design analysis, construction needs, operation and maintenance (O&M) requirements, initial
RA component cost estimate, and a Performance Standards Verification Plan. The

intermediate design will represent the 60 percent completion of the design effort. The 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 prefinal 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
basis of design specifications, prefinal construction schedule, and revised construction cost

estimate. BCT comments on the prefinal design will be addressed in the final design.

Table 3-1 provides a complete list of the tasks to be performed, information 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 presentation of this material included information from the MI RI and FS.

This task has been completed.

3.1.2 ProjectPlanning

Planning activities prior to initiating the development of the MI RD Workplan included

completion of the MI ROD and the November and December 2001 BCI" meetings in
Memphis and Atlanta, resl:K_ctively. The BCT meetings included discussions of the schedule

of activities for the RD as well as discussion of additional data needs for the RD. The

additional data needs are based upon review of data in the MI RI/FS documents and

comparison of these data to data requtrements d_.--_cribed in the EBT Treatability Study
workplan.
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3.1.2.1 Documentation of Additional Data Requirements

Groundwater samples were collected from monitoring wells installed at the M] in 1996,

1997, and 1998. The 1998 event included sampling of groundwater in existing and newly

installed wells and push points from beth on- and offsite locations. In 2000, a Monitored

Natural Attenuation Study was conducted across the Memphis Depot to define the efficacy

of natural attenuahon as a remedy within the fluvial aquifer that underhes the area. During

this study, geochemical parameters were collected from a specific number of momtoring

wells. Since the last groundwater sampling event at the MI, 5 additional monitoring wells

were installed to support the CSM and 17 additional monitoring wells were installed as part

of the LTOA investigation.

Review of the existing groundwater data indicates that sampling events have not occurred

consistently 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 baseline event,

which was conducted during the week of March 18 through 22, 2002, will be used to: (1)

establish 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) define the quantity of nutrient
source needed to enhance reductive dechlorination within the fluvial aquifer. In addition,

the data from the baseline samphng event will be reviewed along with exLsting

groundwater sample analyhcal data for the MI to define those wells that will be required for

long-term monitoring purposes

The methods used to sample on- and offslte 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 Main Installation Monitoring Wells This document was

given approval for action 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 practices using currently accepted environmental protection technologies.

Work products of the RD are described below.

3.2.1 RemedialDesign Planning

The RD will require additional data in the form of a baseline groundwater sampling event

and an EBT Treatability Study. To provide these data, additional sampling and the treata-

bility study will be conducted based on the RD workplan as the governing document for

directing this work The baseline event field effort was conducted from March 18 through
22, 2002 In addition, the EBT Treatabihty Study workplan for the MI has been developed
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and is submitted with this document as Appendix B. In addihon, the MI Generic Health and

Safety Plan (F[ASP) 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 as required for additional data collection activities during

the RI and a compendium has been added to describe these changes.

3.2.2 Preparation of the RD Workplan

This document provides information on the additional site work and the steps required 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 RD

workplan and the EBT Treatability Study workplan will be approved by the BCT. The RD

workplan will be used to prepare the intermediate, prefinal, and final RD documents.

3.2.3 Preparation of the EBT Treatability Study Workplan

EBT was selected as the groundwater remedy in the MI ROD, which outlined the

requirements for a treatability study of this remedy. The treatability study workplan is

included as Appendix B.

The EBT Treatability Study will assess the natural biodegradabihty of site-speclhc chemicals

(specifically CVOCs) in groundwater underlying the site in response to the injection of

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 oll or lactic

acid. Other commercially available sources exist, including ] lydrogen Releasing

Compounds or _[RC ® 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 informahon presented as the draft deszgn analysis, draft drawings

and specifications, draft construchon _hedule, operation and maintenance (O&M)

requirements, initial RA component cost estimate, and a draft Performance Standards

Verification Plan A value engineering analysis will be performed for the intermediate

design The results of the analysis will be presented in the intermedmte design submittal.

The design analysis will include evaluations conducted to establish the design criteria for

each remedy component m sufficient detail to provide the basis for the design approach and

subsequent design decisions and production activihes. Where necessary, supporting de,_ign

calculations will be included m the intermediate design submittal.

Draft construction drawings and technical speciflcahons for the remedy components will be

prepared and submitted. Specfficat|ons may include but not be limited to specifications for

construchon, installation, site preparation, and field work standards. Specfficahons will

conform to USACE ETL 1006, Techmcal Requirements for Pre-design and Deszgn Submzttals. "['he

intermediate design will also include a draft construction schedule for the RA. The schedule

will include project milestones, estimated activity durahon, estimated task completion

dates, and critical path tasks.
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The intermediate design will also include a draft O&M plan for facilities, equipment, or and

remedial methods outlined in the RD documents. The plan will include all activities that

reqmre routine maintenance, as well as a draft schedule of these activities. In addition to the

O&M plan, an initial RA cost estimate will be presented. The cost estimate will include, as

necessary, operating labor, maintenance material and labor, component costs, materials and

energy, purchased services, and administrative costs. The cost estimate at this point will be

accurate to within plus 40 percent and minus 20 percent.

A Performance Standards Verification Plan will be developed and submitted in the

intermediate design. The plan will include the following:

• The Performance Standards Verificahon Sampling and Analysis Plan, which provides

guidance for field work by defining sampling and data gathering methods to be used.

• The Performance Standards Verification Quahty 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 compliance with performance

standards. The schedule will also include implementation actzvities 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 design

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-final/final RD.

3.2.5 PrefinallFinalDesign

The prefinal design, submitted to the BCT when the design effort is 90 percent complete,

will consist of information presented in the complete design analysis, prefinal drawings and

specifications, prefmal construction schedule, prefmal O&M plan, and a prefinal RA

component cost estzmate. After revsew by the BCT, the prefinal design will be modified to

address review comments, and the modified design will be the final design. The final design

submittal will include a memorandum that will describe how the prefinal design comments

have been incorporated into the final design.

All completed deszgn 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 prefinal construction

schedule, O&M plan, and cost estimate. The final construction schedule will be reviewed

wzth Jacobs Engineering, Inc. (Jacobs), the RA contractor for the Memphis Depot. The cost

estsmate will also be reviewed with Jacobs, and will be within plus 15 to minus 10 percent of

the construction costs associated with implementahon of the RD.
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4.0 Remedial Design Schedule

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

• 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 deliverable; and

• Critical path for the RD.

The dates for submittal of deliverables are presented in Table 4-1.

The RD consists of five major components:

• Review of site-specific data to define the procedures for the baseline groundwater

sampling event required for the RD;

• Baseline groundwater sampling event,

• EBT Treatabihty Study to evaluate the effectiveness of the selected groundwater remedy;

• LUCIPdevelopment and completion; and

• Intermediate and prefinal and final designs.
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5.0 Project Management Plan

Thus section presents the prolect organization for the RD, including key personnel and thetr

responsibdities, a project communications matrix, a data management plan, and the

reportang 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-Huntsville. USACE-Huntsville,

which is under contract to the DLA, will review and approve all RD material before

submittal to the BCT. After approval by the BCT, USACE-Huntsvllle and CH2M HILL will

coordinate with USACE-Mobile and their contractor, Jacobs, for implementation of the RD.

Key personnel involved in the MI RD are presented in Figure 5-1. Mr. Turpin Ballard of EPA
Region W, Mr. Jim Morrison 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 m the absence of Mr. De Back.

Mr. Bruce Railey is the Project Manager for the Memphis Depot project at USACE-

| Iuntsville. He is responsible for coordinating with DLA and BCT members as well as with

the contractor for the Memphis Depot project, CH2M I fILL

Mr. David Nelson, P.G., is the CH2M IIILL Prolect Manager for the MI RD. Ile is the

primary CH2M I IILL contact and is responsible for overall management of the RD phase of

the project.

Messrs. Steve Offner, P.G., Mike Harris, P.E, and Tom Simpkm, P E of CH2M HILL are

revolved in the Memphis Depot project as the USACE-t luntsville/Memphis Depot Program

Manager, Senior Consultant, and Techmcal Advisor, respectwely. 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

Memptus Depot project since 1997 in various roles and has been revolved in several phases

of this project beginning with the RI stage. Mr. Harris wdl also serve as the CH2M HILL

Technical Manager for design and will be responsible for approval of prolect-related

designs. Mr. Simpkin has extens|ve experience with enhanced bioremediation projects and

the use of carbon sources to spur bioremediation of groundwater.

Figure 5-2 presents a project communicahons matrix for the MI RD. The matrix identifies

communicat|ons and reporting relationsh|ps.

5.2 Data Management Plan

The CH2M HILL Data Management Plan describes procedures that will be used to

document and track investigation data and results. The plan includes the following.
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• Data quahty objectwes (DQOs), documentation and processing procedures;

• Project-related progress reporting procedures; and

• ProJect file requirements.

Implementation of the procedures described herein will ensure proper documentation and

retrieval of data and results.

5.2.1 Data QualityObjectives,DocumentationandProcessingProcedures

During the pre-deszgn baseline sampling event and the EBT Treatability Study,

groundwater sampling 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 quality evaluation as

well as a primary source for geochemical parameters.

5.2.1.2 laboratory Data

Laboratory analytical data will be collected during the pre-design effort and will be handled

according to procedures described in Sections 7, 8, and 9 in the Memphis Depot Generic

QAPP (Appendix C). The data will be rev,ewed and processed through data quality

procedures, as described in Section 8 of the QAPP (Appendix C).

5.2.1.3 Investigation Results

The results of the pre-design baseline sampling effort will be presented in a brief document

entitled Results of RD Baseline Sampling Event, which will be presented to the BCT for

review and approval. The data wdl be used to select final locations for the injection and

monitoring points for the EBT Treatability Study.

5.2.2 ProjectFile Requirements
This project will require the administration of a central prolect file. The data and records

management protocols will prowde adequate controls and retention of all materials related

to the project Record control will include receipt from external sources, transmittals,

transfer to storage, and indication of record status. Record retention will include receipt at

storage areas, indexing, filing, storage, maintenance, and retrieval

5.2.2.1 Record Control

Incoming materials related to the project will be forwarded to the CH2M HILL Project

Manager or a designee. These documents wtll be placed in the project file. Project personnel

will work from a copy of necessary documents. Records shall be legible and easily

identifiable.

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

• Field documents

• Authorizations;
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• Correspondence

• Logs;

• Photographs;

• Drawings and sketches;

• Specifications;

• Reports; and

• Procurement agreements.

Outgoing prolect 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 in the RD about

revisions to records. Revisions to records shall be sublect to the same level of review and

approval as the original document. The revised 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 in 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 webs, te that CH2M HILL

supports or issued to BCT members as compact discs.

5.2.2.3 Record Storage

Project-related informahon wdl be maintained by CIt2M HILL Designated personnel will

assure that incoming records are legible and are in suitable condition for storage.

Record storage will be performed in two stages Storage will occur during 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 statable

containers with appropriate project identification labeling and stored in a facility with an

environment that w,ll prevent deterioration, damage, and loss. Material from the project

file may include reports, drawings, QA documents, verifications records, electromc fdes,

and software program documentation. The DLA maintains a separate records inventory
known as an Information Repository (IR)

5.3 Reporting Requirements

Major subn'uttals for this RD will include this RD workplan, the EBT Treatability Study

Workplan, the LTOA Technical Memorandum, the Intermediate Des|gn, 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 Unff.s at the MI
Rev I MI RD Workplan

FU .¢ize

No. Name a_ res)

1 Twenty _9
Typlcal
Warehouses

Southeast
Golf Course/
Recteabonal
Area

3 Southwest !_2

Open Area

4 Northern and 1 }3

Open Areas

5 Newer 1 )9
Warehouses

6 Admmlstrahve ." 3
and
Residential
Areas

Common Past Land

Use Description

Transportaboe to and
storage in dosed
warehouses

i3 Golf. other recreation

Transpodabon to and
storage m open-sided
warehouses, palnbng
and sandblasting.
open storage

i Open storage, and
transpodatlon to and
storage tn dosed
warehouses

Transportation to and
storage In closed
warehouses

Offices. equipment
storage and
maintenance, on-
base housing

Located in the northeastern area of the MI.
consisting of about 20 large warehouses, with
interspersed roadways and railroad tracks

Located _n the southeastern comer of the MI1.
consisting of golf course (Parcel 3) This FU also

includes a baseball field and a small playground m
the southeastern comer This FU includes two

constructed ponds and two concrete-heed drainage
ddches from the ponds lead_ag to the off-sde area

Located in the southwestern corner of the MI,
conslshag of vaned type of parcels and s4tes

Located in the n(_lh-central to northwest area of

the MI, covering a large area

Located in the south-central area of the MI and

includes 10 largo warehouse buddlngs

Located along the property boundary of the Depot

along the PJrways Boulevard This FU includes the
old Resldenbal Unit Area, parking lots. and other
asphalt-paved areas
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Table 3-1

List of RD Tasks

Rev _ IVWn_ _t RO Wodcplan

Task Activities
Information

Required/Source

Task I - Pro_ect Planning

Work Product

Gather pce_nousty coJlected data

and documentation fo¢ addd=o_al

dala

Prehm=nacy info_hon to be

included within the RD

w_'kpMn

SJtu P,ackground MI RUFS documents. LTOA
dam

_rotect PLc_nnmg Rev,_w dems and slOps for MI RL/FS documents. LTOA Pmb,m,nan/mfocmabon to be
coIleclm g addJbonat data data included wdJhm the RD

*o_,,_n

Task II- Remedial Design

RemedloJ OesKJ n

Plannm 9

EBT Treatabd=ty Study

Intermedmte Des_3_

Preparabon of Itm RD workplan

(mctuffes Rev 0 L1OA Tech

Memo a_d EBT TreatabdJty StLKly

Wodcplan with Baseline Saml_ng

P_n)
Describe test(s) to be conducted

at s_te. test and data quahty

oblecllves, procedures, data

rn_omE_t

_ev=se MI G_nc Health and

_afety Ptan (HASP). Sampling and

_dysds Plan (SAP) and CxJ_ddy

_.ssuran_o Pro_ect Plan (QAPP)

ruth addenda, as neces_,ary

EBT Treatabd_t¥ Study at the MI

Present data from treatabibty study

and evaluation of des.Kjn approach

Develop draft drawings and

spe_fcat:ons

P_efim'd/Fmal Oes,l_

Oberation and mmntena_ #an

and compooent cost estmlate

Develop draft construction

schedule

MI RI/FS. ROD document:

Perform_c_ Standards

Venfic_tm,'l Plan

MI RUFS. ROD documents

MI RIFFS. ROD. M* Genenc

HASP. SAP. and QAPP

documents

EBT 1(eatab_hty Study

Workp_,n

Results from the EBT

TreataL_hly Study

L,st,ng of dmw_ngs and

speoficahons

OesKjn parameters. ROD

Sc.hedute of constmcbon

actwzt,es from RO _pl_

Rev,ew LUCAP and MI

Develop LUCIP ROD

Design paramelefs. ROD

Prepare des,_ apTKoach based

on BCT comn'_nts receded from

EPA

Develop final drawngs and

specffcal_ns

Develop final construc_.n

schedule

_evelOp co n stnJcJ:on cost

_sbrn_te

Intermc_mte RD document

and comn_nts

Draft drawings and

%oeaficat_ns

3*raft c_sbuc_ schedule

_esults of £BT Tre_tabd=_

_tudy. a=dd=bon oJ sde

nvesbgabon, and vendor

;o_¢'tuf COSt esIJm_tes

RD WockHan

EBT lreatabddy Study

Norkp_n

Revcs=ons to be mcludnd as

>art of effort for E:BT

Trnatabdd_ Study Workp_n

EBT Treatabd_t_ Study

I ectlnlc_l M_ldum

MI Intenmed=ato RO document

_g ,ndude Rev 0 EBT

Tmatal_hty Study Tech

Memo and Rev 1 LTOA

T_ Me,no )

_efinat/Fmal R_ document

'wdl i_tude Roy 1 EET

r reatab,ldy Study Tech

_emo and Rev 1 LTOA

rech Memo )



Table 4-t

M! RD Deliverable Submittal Dates

Rev 1 Memphls Depot MI RD Workptan

Deliverable Projected Submittal Date

Nil RD Workplan

Rev. 0 MI RD Workplan with Rev. 0 LTOI
Technical Memorandum and Rev 0 EST

Treatabd=ty Study Workplan

Rev. 1 MI RD Workplan with
and Rev. 1 EBT

Treatability Study Workplan

Rev 2 MI RD Workplan wdh Rev. 1 LTOA
Techmcal Memorandum and Rev. 1 EBT

Treatab=lrty Study Workplan

LUCIP

Rev. 0 Land Use Control and

Implementation Plan

Rev. 1 Land Use Control and

Implementahon Plan

Rev. 2 Land Use Control and

Implementation Plan

Januaw 14,2002

Apn114, 2002

July 12, 2002

July 29, 2002

Januaw25, 2003

March 3, 2003

Intermediate (60%) Design

Rev 0 Intermediate (60%) RD Report March 3, 2003

Preflnal (90%) Design

Rev. 1 Prafinal (90%) RD Report August 30, 2003

Final (100%) Design

Rev. 2 Final (100%) RD Report October 14, 2003
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Tab/e 5-1

MI RD Deliverables

Rev f MemphssDepotMIRD Workp/an

705 30

Deliverable Copy Requirement

Task I - Project Planning

Baseline Groundwater Samphng Event 3 cop=es to DLA, 3 cop=es to USACE-
!Huntsville, 3 copies to EPA, 2 copies to TDEC

Task II - Remedial Design

Rev 0 RD Work Plan, includes Rev 0

EBT Treatability Study and Rev 0 LTOA
Technical Memorandum

Rev 1 RD Work Plan, includes Rev 1

EBT Treatability Study and Rev 1 LTOA
Technical Memorandum

Rev 2 RD Work Plan, includes Rev. 2

EBT Treatabdity Study and Rev 1 LTOA
Technical Memorandum

Intermediate (60%) Design

Results of EBT Treatablhty Study

Draft Design Analysis

Draft Drawings and Specifications

Draft Construction Schedule

O&M Requirements

Rev 1 LUCIP

Perfon'nance Standards VenficatJon Plan

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

Design Analys=s

Prefinal/Fmal Drawings and Spec=ficat=ons

Prefinal/Fmal Construct=on Schedule

Prefinal/Fmal O&M Plan

3 copies to DLA, 3 copies to USACE-
Huntsville, 3 copies to EPA, 2 COlmes to TDE(

3 copies to DLA, 3 cop=es to USACE-

Huntsville, 3 copies to EPA. 2 copies to TDEC

6 copies to DLA, 3 copies to USACE-

Huntsville, 3 copies to EPA, 2 copies to TDEC

3 copies to DIP,, 3 coptes to USACE-

Huntsville, 3 copies to EPA. 2 copies to TDEC

2 copies to USACE-MobIle and Jacobs (4
copies will be provided for the Information

Reposdones [IR])

6 copies to DLA, 3 cop_es to USACE-

Huntsville, 3 copzes to EPA, 3 copies to TDEC

2 copies to USACE-Mobde and Jacobs (20
cop=es will be made of the Prefinal in CO ROIV

format for RAB members) Final RD documen

dlstrlbuhon wdl include 4 copies for the IR and
20 copies In CD ROM format for RAB

members
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TECHNICAL MEMORANDUM SA.04 CH2MHILL

TO:

COPIES:

Evaluation of Soil and Groundwater Data Collected

from Long-Term Operational Areas (LTOAs), Main

Installation, Memphis Depot

U S Army Engineering and Support Center, Huntsville

Defense Distribution Center (Memphis)

U.S. Environmental Protection Agency (USEPA), Region 4

Tennessee Department of Environment and Conservation (TDEC)

FROM: CH2M HILL

DATE: July 3, 2002

Introduction

The Data Collection Plan for Long-Term Operational Areas (LTOAs), Main Installation, Memphts

Depot (June 5, 2001) and the addendum Well Construction and Sampling Techmques for Long-

Term Operational Area (LTOA) Monitoring Wells Associated with SS42,/SS43, NE6 (Building

T702), and SS80 (September 5, 2001) were prepared to describe pre-Remedial Design (RD)

sampling and testing conducted at the Main Installation (MI) within the Memphis Depot

(Figure 1). The primary objective for the activities described within the Data Collection Plan

(DCP) was to evaluate groundwater downgradient of known or suspected historical LTOAs

on the MI where hazardous materials were used/stored, as identified by the TDEC. The

LTOAs were selected by TDEC for further testing because groundwater monitoring wells

were not installed down-gradient of these sites during the MI Remedial Investigation (RI).

In addition to collecting data on LTOAs, the pre-RD sampling enabled collection of

information to be used in optimizing the location of injection wells for the selected remedial

alternative for groundwater on the MI, enhanced bioremedlation. Also, the data collected

during the LTOA investigation has supplemented existing hydrogeologic and
environmental data regarding the conceptual site model (CSM) for the MI.

This technical memorandum is in compliance with requirements specified in Delivery Order

(DO) 13 of Contract No DACA87-94-D-0009. Under this delivery order, CH2M HILL

provides architectural/engineering services for the United States Army Corps of Engineers

(USACE) - Huntsville Center. Jacobs Engineenng Group, Inc. (Jacobs), which is the remedial

action contractor for the USACE - Mobile Distxict (Contract No. DACA01-99-O040), was

tasked by Defense Logistics Agency (DLA) with completing field activities and data

collection associated with the LTOA DCP. CH2M I IlLL's role was to provide general

oversight of Jacobs' field activities and assure compliance with the approved LTOA DCP,

and complete the Tec_lical Memorandum documenting the results of the data collection
effort.

P _16_49_TAS.K SA.04 LTOA TEC_HM£MO',,REV 1 TECTt ME_V 1 LTOA TECH MEMO DO(; 1
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Background Information

In January 2000, the final Ml RI report was submitted and in July 2000, the final MI
Groundwater Feasibility Study (FS) was submitted. Differences between CSMs and

imphcations regarding potential plume migration led the Memphis Depot Base Realignment

and Closure (BRAC) Base Cleanup Team (BCT) to re-evaluate groundwater results from the

RI and to request additional testing prior to beginning RD.

TDEC provided proposed well locahons in August 2000 in areas identified as being LTOAs
of hazardous materials at the MI, and revised these m October 2000, after discussions with

all stakeholders in September 2000. The approach taken by TDEC was to review the many

"sites" on the MI and determine if they were LTOAs of hazardous materials, and if there

was an existing groundwater monitoring well located near or downgradient from them

After the BCT discussed the importance and purpose of each of these well locations on

August 23, 2000, a memorandum of understanding was developed on September 21, 2000

by the members of the BC-I' regarding locations where LTOA wells were to be installed. The

following excerpt from the agreement summarizes the scope of work:

"At LTOA proposal well Iocatmns for the following sites:
SS66, RI58, RI59, SS37, SS36, SS35, SS83, RI27, SS80, R134

BCT consensus is -

We will use temporary wells at these locations. Groundwater sample [sic] wzll be

collected with the diffusion samplers at a frequency of one per 5feet of screened

intervals The entzre saturated thickness wdl be screened. [This portion of the plan

has changed since consensus was reached, as dmcussed in the "Groundwater

Sampling" section below].

150-[micrograms per liter] ,ug/L total VOCs will be the trigger for completing a

well [All wells will now be installed as finished wells]. Phase 2 design (Post

[Record of Decision] [ROD]) wzll be to dehneate the plume boundary for purposes

of zmplenzenhng enhanced bwremediation.

Ira potential source of ground water contamination zs identified in the vado_ zone

during drdhng, a well will be completed. ]Each well is to be a finished well.]

If new wells change tile vertical or horizontal groundwater flow p+cture materially,

but no contaminatmn zsfound exiting the base boundary or downward towards a

lower aquifer, the informatzon would focus the placement of sentinel wells, but the

current proposed remedy will still be valid."

In addition to investigation areas described in the previous paragraph, another five LTOAs

on the MI were proposed for potenttal investigation in a letter from TDEC to the Memphis

Depot Caretaker on October 30, 2000. Per an e-mail issued to the BCT on November 1, 2000

from the Memphis Depot Caretaker, the investigation into five add|tional LTOAs was

implemented as requested. As described in the October 30, 2000 letter, the five areas are as
follows:

• Building T702(NE6)

• Garage and Paint Shop, Build|ng 260

p_I6049E'_TASKSA.04 LTOATECHMEMO_RFV I TECHMEk4K_REV1LTOATECHMEMODOC 2
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• Automotive Maintenance and Repair Shop, Building 251 (SB1)

• Automotive Maintenance and Repair Shop, Building 265 (SC1)

• Former Drum Storage Area on the south boundary of facility

The MI ROD was signed by DLA, TDEC and EPA, and finalized in September 2001. The

following information was included in the ROD to address this pre-design data collection
activity:

"TDEC requested additional confirmation that no dense non-aqueous phase liquzd

(DNAPL) sources occur beneath Instoric long-term operational areas on the MI.

There zs no evzdence from the RI and groundwater FS that a DNAPL is present in

the groundwater on the MI; however, the Depot and EPA agreed to complete this

testing prior to begmmng the r_nedial design. The pre-design tests will include

drilhng new sod borings and monitoring wells at selected locations within the MI

and obtaining sod and groundwater samples for targeted laboratory analysts. The

results of these pre-design tests are not expected to change the effectiveness of the

selected remedy for groundwater; however if results of the pre-design tests indicate a

significant or fundamental change to the remedy is warranted, then an Explanatzon

of Sigmficant Differences (ESD) or a ROD amendment would be required in
accordance with CERCLA §117(c) and NCP _§300.435(c)(2)0) and O0."

The above referenced F_D or ROD amendment would be developed only if the data

obtamed from the LTOA investagation indicated the groundwater remedy selected in the MI

ROD required a significant and fundamental change.

Pre-RD Sampling and Testing Justification

The RI identified several groundwater plumes of chlonnated volatile organic compounds

(CVOCs) beneath the MI, but did not idenhfy specific contaminant sources in either soil or

groundwater Numerous soil borings were completed in potential CVOC source areas, and

24 monitoring wells (along with 7 piezometers and 7 hydropunch locations) were installed

to test groundwater across and offsite of the MI. Many potential source areas were not

specifically targeted for groundwater monitoring, because chemical analyses of surface and

subsurface soil from test borings indicated httle or no residual volahle organic compound

(VOC) contamination. During the RI, the principal contaminants identified m monitoring
wens were PCE and TCE, and associated degradation products.

Results of a re-evaluation of the RI testing by TDEC suggested that some rotes may remain
as a source-term (e.g, dense non-aqueous phase liquids [DNAPL] or elevated

concentrations of contaminants) for groundwater contamination. The presence of an

undocumented source-term would have serious implications for design and

implementation of the selected MI groundwater remedy, as documented in the MI ROD.

Therefore, as part of the LTOA DCP, soil and groundwater samples were collected from the
LTOA locations to confirm the presence or absence of a source-term.

P _IG0492_T/kSK SA.C4 LTOA TE(_ MEMt_R'EV 1 TECH M_MO_EV 1 LTOA TECH MEMO OOC 3



705 4

Long-Term Operational Areas

The following table presents the LTOA locations and site description (Figure 2):

LTOA LTOA

Group Site or Functional LTOA Description
Number Area Unit

1 SS35 FU4 Former DRMO Bldg T-308, Hazardous Waste Storage

SS36 FU4 Former DRMO Hazardous Waste Concrete Storage Pad

2

3

SS37

RI59

FU4

FU2

RI58 FU6

SS66 FU6

B260 FU6

SB1 FU6

SC1 FU6

SS78 FU5

4 RI34 FU3

5 RI27 FU3

6 RI32 FU3

SS89

SS83

SS42

7

8

SS43

FU3

FU4

FU4

FU4

SS80 FU4

9 Bldg. 690 =U5

10 FU4Bldg.
"1"702

(NE6)

Former DRMO Hazardous Waste Gravel Storage Pad

Former postJc=de m=xlng area (Bldg. 273) located near the northeast comer
of the macbve Golf Course.

Old pestlc_e shop (Pad 267) located directly north of the J-Street Caf(k
Monltonng Well MW-26 is located directly down-gradient of this LTOA

Former vehicle maintenance shop (Bldg. 253) Located directly north of site
RI58

Former garage and paint shop (Bldg. 260). Located dlmc6y northeast of
site RI58

Former auto maintenance and repair shop SB1 (Bldg. 251) Located

directly northeast of B260

Former auto maintenance and repair shop SC1 (Bldg 265). Located

directly southeast of B260

Former Alcohol, Acetone, Toluene, Naptha, Hydrofluonc Acid Spill (Bldg

678)

Former Underground Oil Storage Tanks (Bldg 770)

Former Recoupment Area (Bldg 873)

Former Painting, Sandblasting, and Waste Accumulation (Bldg. 1087 &

1088)

Former storage of ac4ds, paints, and cleaning so_vents (81dg 1089)

Dnad Paint Disposal Area (Bldg. 949)

Former PCP Dip Vat Area

Former Underground PCP Tank Area

Former Fuel and Cleaners Dispensing (Bldg 720)

Former DnJm Storage Area on the south boundary of the MI

Officer's Hobby Shop (former Bldg T702 - razed Ln 1998) [identdied as a
i former paint shop in the U S Army Topographic Englneenng Center

Histoncal Environmental Aenal Phofograph,c Analys,s, dated September

19981

p_t60492_TASKSA.04 LTOATEGHMEMO_REV I TECHMEMO_REVILTOA'_ECHMEMOI_ 4
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Objectives of the LTOA Data Collection Plan

The oblectives of the DCP were to complete the following steps and collect the resulting
information and data:

Install monitoring wells within the fluvial aquifer or underlying sand units (within the

Jackson Formation/Upper Claiborne Group) within 100 to 200 feet down-gradient of the

identified LTOAs to determine if an LTOA is acting as a source-term for chlorinated
hydrocarbons in the groundwater.

Collect samples of soil and groundwater at each of the monitoring well locations to
define contaminant levels in both matrices

Colh.'ct hydrogeological data during the LTOA investigation to supplement existing

hydrogeologic and environmental data regarding the CSM for the MI. Specifically, the
investigation provides additional data to: (1) confirm groundwater flow directions in the

fluvial aquifer and the intermediate aquifer underlying the MI; (2) define the perimeter

or boundary of the "hmited to noflow boundary" of the fluvial aquifer on the north-

northwest/central portion of the MI; and (3) define the areal extent of the fluvial aquifer

and underlying clay unit on the north-northwest/central porhon of the MI.

Scopeof Work

The scope of work for the LTOA investigation has been outlined in several documents and

commumcations, beginning primarily with the issuance of the Draf_ Pre-Design Data

Collectton Plan for Main Installatmn (Funchonal Unit 7) (CH2M I fILL, 2000). This document
was developed as a result of the BRAC BCI" meeting on July 19, 2000

The scope of work for the LTOA activities is based in part on the following:

• Minutes from the August 23, 2000, BCT meeting regarding BCT review of the Draft Pre-
Deszgn Data Collection Plan for Main Installation (Functional Umt 7)

• Letter from TDEC, dated September 12, 2000, regardmg conditional concurrence on
Memphis Depot, MI Proposed Plan

• Letter from TDEC, dated September 13, 2000, regarding Memphis Depot, MI
Groundwater FS and MI Soils FS

• Agreement between BCT Members for the MI pre-design resolution, dated
September 21, 2000

• Letter from TDEC, dated October 30, 2000, regarding additional MI Pre-RD wells

• Minutes from the January 18, 2001, BCT meeting regarding LTOA wells

• Data Collection Plan for LTOAs, Main Installation, Memphis Depot, dated June 5, 2001

• Well Construction and Sampling Techniques for LTOA Monitoring Wells Associated

with SS42/SS43, NE6 (Building T702), and SS80, dated September 5, 2001

The DCP and the September 5, 2001 addendum was approved by the EPA and TDEC on

October 3, 2001, as part of the RI) process for the MI remedial action (RA).

P_I60492_TASKSA04 LTOATECHMEMO_REV I TECHMEMO_REVILTOATECHMEMODOC 5
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The final scope of work included:

• Drilling of 19 soil borings and the installation/development of 19 groundwater

monitoring wells in the soil borings;

• Collection of soil samples from the 19 borings for field screening and laboratory

analyses;

• Collection of groundwater samples from the 17 newly installed monitoring wells for

laboratory analyses;

• Measurement of water level elevations in all monitoring wells and piezometers at the

Depot

• Development of a Technical Memorandum documenting the results of the LTOA

investigation, to be included in the Remedial Design Work Plan for the MI.

Investigative Methodology
The field activities described in this section were conducted at the LTOA sites on the MI.

Field activities began on September 17, 2001, and continued through December 21, 2001.

Soil Boring Installation and Soil Sampling

Nineteen soil borings were drilled to define local soil conditions, stratigraphy, and collect

samples of groundwater quality (Figure 2). Fourteen of these soil borings, MW-85, -86, -88, -
92, -93, -94, -96, -97, -98, -99, -100, -102, -103, and -104, were completed using hollow-stem

auger drilling techniques (Tri-State Testing Services, Inc., from Memphis, Tennessee); the

five remaining borings, SB-105 and -106, and MW-101, -107, and -108, were completed

using rotasonic drilling techniques (I'rosonic Corp, from Marietta, Ohio).

Soil borings drilled using hollow-stem auger drilling techniques utihzed a 5-ft conl_nuous

core sampler advanced with the augers. Core samples were collected in clear, 4-inch

diameter hard plastic sleeves placed within the core barrel prior to drilhng and capped on

each end immediately upon return to ground surface. The five borings drilled using

rotasonic drilling techniques utilized clear, flexible plastic sleeves at 10 to 20 foot intervals

for sample collechon. Continuous sampling was conducted at each boring location from

land surface to terminatzon depth.

Soil samples for headspace held screemng were collected from each boring at a frequency of

one per every five feet from land surface to the groundwater interface The headspace in

each sample was analyzed using an organic vapor analyzer (OVA) equipped with a flame

ionization detector (FID). Duplicate headspace samples were also collected and analyzed
with an activated carbon filter to correct for methane concentrations. One soil sample was

collected every 20 feet from soil associated with the highest OVA-FID concentration greater

than or equal to 20 ppm If no OVA-FID concentrations were greater than or equal to 20

ppm, a single soil sample was collected from the boring at a depth of just above the

groundwater interface and sent to the laboratory for chemzcal analysis Soil samples were
collected for VOC analyses via SW-846 Method 8260B at a fixed-based laboratory. A portion

of each sample was placed into corresponding pre-weighed 40-ml wals preserved with

p _1GQ492_T/LS,KSA.04 . LTOATECHMEMO_REV1 TECH MEMO_REVI LTOATECHMEMODO(; 6
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sodmm bisulfate and methanol, and sent to the laboratory for extraction using EPA SW-846
Method 5035.

Eight additional soil samples were chosen at random based on field observatzons from

monitoring wells MW-85, -86, -92, -96, -99, -101, -103, and -104. The basis for collecting these

samples was the occurrence of perched water conditions associated with clay units less than
5 feet thick

Soil samples collected from 17 of the 19 borings were submitted to an analytical laboratory
for subsequent VOC analysis. Soil samples collected from borings SB-105 and MW-108,

which were associated with the former PCP Dip Vat (SS42/SS43), were analyzed for semi-

volahle organic compounds (SVOCs) via SW-846 Method 8270C, with pentachlorophenol

(PCP) being the target analyte. Since SVOC__ are not detected using standard headspace field

screening techniques, discrete soil samples were collected at each sand/clay interface where

vertical percolation may be impeded. At SB-105, which was located within the footprint of

the former PCP Dip Vat, composite soil samples were collected. Each composite sample

consisted of an ahquot from each 1-foot interval over a 20-foot section of the boring,

beginning at 10 feet bgs and terminating at the top of the clay interface, 99.5-feet bgs. Each

of the composite samples were analyzed for leachable SVOCs (including PCP) via the

synthetic precipitation leaching procedure (SPLP) (SW-846 Methods 1312/8270C).

Spilt soil samples from SB-105 were collected for TDEC on October 15, 2001. Three discrete

soil samples were duphcated (SB-105-83, SB-105-92, and SB-105-97) and 10 composite

samples were collected every 10 feet specifically for TDEC, beginning at 10 feet bgs and

terminating at 107 feet bgs. The samples were collected in appropriate sample containers,

labeled with the sample identifications, and placed on ice. Custody of the soil samples was
transferred to TDEC on October 16, 2001.

During the drilling of 17 of 19 soil borings, soil samples were also collected for total organic

carbon (TOC) analysis (SW-846 Method 9060) within the saturated portion of the borings.

Altogether, twenty-eight (28) soil samples were collected for laboratory VOC analysis using

SW-846 Method 8260B. These 28 samples were analyzed by Columbia Analytical Services

(CAS) in Reddmg, California. In addition, six samples were collected for total SVOC

analysis (using SW-846 Method 8270C), five samples were collected for SPLI'/SVOC

leachability (using SW-846 Methods 1312/8270C), and 18 samples were collected for TOC

analysis (using SW-846 Method 9060). This group of 29 samples was analyzed by

Environmental Testing & Consulting, Inc., in Memphis, Tennessee. Quality

Assurance/Quality Control (QA/QC) samples consisted of six sample duplicates, two

equipment blanks, and eleven trip blanks (Attachment 5). Sample identifications are
presented m Table 1.

MonitoringWell Installation

Seventeen LTOA soil borings with an aquifer thickness greater than 2 feet were completed

as monitoring wells (Figure 2). No significant saturated thickness was found at the

termination depth of borings SB-105 and -106; therefore, well casing was not installed in the

borings. Soil boring logs and well completion diagrams are included in Attachments I and

2, respectively. Well construction details are summarized in Table 2. Each monitoring well

was installed using 2-inch ID polyvinyl chloride (PVC) casing and 0 01-inch slotted PVC
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screen in 5 and 10 foot sections, as necessary. No more than 20 feet of saturated thickness

was screened in a well installed m the fluvial aquifer. Total length of the screened interval

depended upon the saturated thickness of the aquifer. Aquifer thickness was based on field

review of soil samples and, where possible, through the use of an electronic water-level

tape. Screens were placed at the top of the first "clay layer" noted at the contact with the

fluvial deposits; "clay layer" was defined as a unit greater than 5 feet thick and composed of

clay, silty clay, or sandy clay. After the soil borings were completed into a clay layer, the

bottom of the boring was plugged with bentonite pellets up to the corresponding depth of

the top of the clay layer, screen and casing were then installed.

The length of the screened interval m wells MW-98, MW-101, MW-107, and MW-108,

believed to be installed in the dceper intermediate aquifer of the Jackson Formation/Upper

Claibome Group, were defined in the field based on information provided by the BCT

members. All monitoring wells were installed with continuous screened intervals, except for

MW-101 and MW-107 These two wells were installed with multiple screened intervals

based on field decisions by TDEC.

Each well was completed as a flush-mount with an 8-inch ID manhole set within a 3-foot by

3-foot by 0.5-foot concrete pad. In addition, for well-head protection pads located in high

traffic areas, four bollards were placed at each comer of the concrete pad and painted with

high-visibility yellow paint.

Following installahon, all newly installed monitoring wells were developed in accordance

with procedures presented in the Monitoring Well Installation section of the DCP.

Development of multiple-screened monitoring wells required the use of an inflatable packer

assembly system to isolate each screened interval.

Variationsfrom the DefinedScope
All LTOA monitoring well locations are in accordance with the approved DCP and

addendum However, the following variances occurred in the field:

• While drilling MW-88 (SB1), the boring reached a competent clay unit at 97.5 feet bgs

and was terminated at a depth of 102.5 feet bgs. The water column above the clay unit
had a thickness of 17 feet; all criteria established in the DCP to install a monitoring well

were accomplished. MW-88 was installed and developed in compliance with the DCP.

Upon completing a base wide gauging event, the watertable at MW-88 was noticeably

higher (approximately 18 feet) than other surrounding wells 0.e., MW-26, -85, -86, -92,

and -96) in the xmmediate area. Based on the difference m water table elevation and the

proximity of MW-88 to other monitoring wells (< 600 feet), the aquifer at MW-88 is

considered to be perched.

• While drilling the soil boring for MW-98, which is associated with LTOA RI34, an

aquifer thickness of approximately 44 feet was encountered. Within this portion of the

MI, the fluvial aquifer was assumed to be 21 feet thick. As a result of this difference, BCT

members and United States Geological Survey (USGS) were contacted from the field

before the installation of the monitoring well. Based on the thickness of the aquifer and

the depth to the top of the clay confining unit (147 feet bgs), BCT members and USGS

agreed to install a monitoring well with 10 feet of screen set at the top of the clay unit
All participants agreed a screen length greater than 10 feet would be affected by verhcal
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hydraulic gradients if present in the aquifer. The BCT also discussed that the analytical
results of the groundwater sample from well MW-98 would be reviewed to determine if
an additional nested well would be needed at this location.

Soil borings SB-105 (PCI' dip vat) and SB-106 (Braiding T702/NE6) were terminated in a
clay unit greater than 5 feet thick; no visual saturated conditions existed based on

continuous soil cores. To confirm that an aquifer greater than 2 feet thick did not exist

above the top of clay in either location, temporary wells were installed above the clay

unit within both soil borings After approximately 15 hours had elapsed, water could not
be detected in the well casing. BCT members were contacted via teleconference for each

boring and a decision was made to remove the temporary wells and abandon the soil
borings.

During the teleconference for SB-105, BCT members also agreed to relocate the soil

boring originally designated to be drilled immediately south of this LTOA. Based on the

data from SB-105, this boring location was assumed to be to close to SB-105 and possibly

may not have a sufficient aquifer thickness for monitoring purposes. Based on the

available groundwater flow direction, the boring location was moved approximately 400
feet south of the PCP Dip Vat source area. TDEC was onsite for the relocation of the

boring and agreed upon the location of the new soft boring. The new location is now
MW-108.

Drilling activities for MW-101 began on October 8, 2001 The hollow stem augers used to

drill the boring could not be advanced past a depth of 133 feet bgs because of gravel

layers and "flowing" sands within the saturated portion of the aquifer. A field decision

was made by Jacobs and Tri-State Teshng Serwces to use rotasonic drilhng techniques to

complete MW-101. Drilling activities using hollow-stem augers were stopped on

October 10, 2001 and the boring for MW-101 was abandoned. Drilling by Prosonic Corp.
on MW-101B, located approximately 50 feet north of MW-101, commenced on October

19, 2001 using rotasonic techniques. The top of the clay was reached at 133 feet bgs and

the thickness of the aquifer was found to be approximately 43 feet. After reviewing the
boring log and thickness measurements of the fluvial aquifer at that location, TDEC

made a field decision to install three screens. The upper screen is 15 feet long, the

middle 10 feet long, and lower 10 feet long, with each screen separated by five feet of
riser pipe.

During development activities, MW-100 and -102 were found to have occlusions at 40

and 50 feet, respectively Jacobs contacted Tn-State Testing Services and a downhole

camera was brought on site. Upon review of the video logs, the PVC casing appeared to

be melted and warped, possibly due to the heat created from the curing process of the

grout. As a result, new momtoring wells, MW-100B and -102B, were installed on

November 14, 2001 through November 16, 2001 to replace MW-100 and -102 The
original MW-100 and -102 locahons will be abandoned at a later date.

GroundwaterSampling

Collection of groundwater samples from the newly installed monitormg wells occurred after

all wells were znstalled and developed Each of the I,TOA wells, except MW-101, MW-107,

and MW-108, were sampled using 2-foot long diffusion bag samplers. Diffusion bag

samplers allow for collection of discrete water samples and consmt of polyethylene bags
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filled with distilled water. The concentration gradient between the VOCs in the well and the

water-filled bag results in diffusion of contaminants into the sampler. Diffusion bag

samplers were used continuously throughout the screened zone of each well per the

requirements of TDEC. This method allowed for a more accurate representation of a

potential contaminated horizon(s) compared to the use of a single diffusion bag sampler.
Construction, installation, and sampling of diffusion bag samplers followed guidelines

established in the Groundwater Sampling section of the DCP.

The semi-permeable membrane used for the diffusion bag samplers is engineered for VOC

collection only. Therefore, diffusion bag samplers were not used for SVOC collection in

monitoring well MW-108 at LTOA sites SS42--43 because of the historical use of PCP.

Groundwater samples for SVOC analysis from MW-108 were collected using low-flow

sampling procedures established in the Groundwater Sampling section of the DCP. Before

sampling, MW-108 was purged using a bladder pump in order to minimize agitation of the

groundwater. Field measurements of dissolved oxygen (DO), oxidation-reduction potential

(ORP), turbidity, pl-l, temperature, and specific conductance were completed at

predetermined intervals. These parameters were measured using an airtight flow-through

cell. Purging continued until measurements indicated the parameters were stable according

to the following standards: plus or minus 0.1 pH, plus or minus ten millivolts OR_P, plus or

minus 3 percent for specific conductance, and plus or minus 10 percent for turbidity and

dissolved oxygen. After purging, MW-108 was sampled using the bladder pump system.

The bladder pump was equipped with a high-density polyethylene (HDPE) tubing hned on
the inside with Teflon ®.

Monitoring wells MW-101 and -107 were completed with multiple screened intervals

Therefore, groundwater samples from these wells were collected using a

packer/submersible pump system that sealed each screened interval from other intervals;

each interval was developed, purged, and sampled using low-flow sampling procedures.

All samples were preserved as required m the DCI" and delivered to C_.AS within the

appropriate holding period. Groundwater samples were analyzed using SW-846 Method

8260B or 8270C, as applicable.

In addition to groundwater samples, QA/QC samples were collected during the field effort.

QA/QC samples included field duplicates, source-water blanks, equipment blanks, and trip

blanks (Attachment 5).

Investigation Derived Waste

All soil cuttings were placed in roll-off boxes and staged onsite. After drilling activities

were completed, representative soil samples were collected for characterizahon prior to

disposal. The samples have been profiled and accepted for disposal as non-hazardous
waste at the Tunica Landfill. Soil cuttings staged onslte were removed on January 11, 2002.

Development and purge water were containerized in poly tanks during field activities.

Representative water samples were collected and analyzed for VOCs prior to off-site

dzsposal. Analytical results for the IDW were within discharge perrmt requirements for the

Dunn Field recovery system; therefore, approximately 3000 gallons of IDW were pumped

into the Dunn Field disposal system.

P _,160492V_ASK SA04 - LTOA TECH M_I/O_REV 1 TECH MEMO_/I tTOA TE=CHMEkK) DOC 10



705 50

Results

PotentiometricSurface Mapping

Ground-surface and top-of-casing elevations of the newly installed LTOA monitoring wells

were surveyed to determine groundwater elevations within the wells. Depth-to-water

measurements were collected from all momtoring wells, plezometers, and recovery wells
associated with Memphis Depot on November 01, 2001 to the nearest _+0.01 ft. Table 3

presents the depth-to-water measurements from this effort.

As discussed in the Monitoring Well Inslalla_on section above, the top of the water table at

MW-88 was detected at a higher elevation than other wells in the immediate vicinity. Two

potenhometric surface maps that include and exclude MW-88 are presented as Figures 3A
and 3B, respectwely. With MW-88 included, the groundwater gradient increases and the
flow directions become radial downgradient of MW-88. Groundwater flow directions are

not affected by MW-88 downgradient of MW-86. Due to the irregular flow pathways

caused by MW-88, Figure 3A is considered to be more representative of the potentiometric
surface within the fluvial aquifer underlying this portion of the MI.

Groundwater in the fluvial aquifer flows predominately toward the northeast portion of the

MI from the southwest comer and also towards the southwest portion of the MI from the

northeast comer; groundwater converges near the central, lower portion of the MI. The

fluvial aquifer appears to be in direct contact with the lower confined aquifers in an area

located within the north-northwest comer of the MI. This transition zone is surrounded by
a "noflow to hmitedflow" boundary and is 'open" to the fluvial aquifer toward the southeast

near MW-63. Groundwater in the transition zone typically flows to the northwest. This

boundary is created by the elevation of the confining clay that typically underhcs the fluvial

aquifer exceeding the groundwater elevation at these points. This boundary zone typically
has no measurable aquifer thickness.

Site HydrogeologicalCharacterization

Seven geologic cross-sections (see Figures 4 through 10) and a top-of-clay map (see Figure
11) have been created from existing and LTOA soil boring log data

Soil boring logs and depth-to-water measurements from monitoring wells located in the

northwest corner of the MI (i.e., MW-27, -55, -56, and -62) show a 'noflow to limztedflow"

boundary around an area where the confining clay underlying the fluvial deposits is

discontinuous Previously, the boundary was believed to extend past MW-27/-89/-90 and

MW-84/-36 locations. With the addition of soil bonngs SB-105 and -106, which showed no

measurable water above the confining clay, the boundary was extended further southeast to
include these locations

Cross-sections and top-of-clay maps presented in the MI and Dunn Field RI documents

illustrated a continuous clay layer under the MI that dipped westward within the 'noflow to

limited flow" boundary toward lower aquifers beginning at MW-63 and continuing to MW-

34 Ttus transition zone also appeared to be a window by which the fluvial aquifer was

connected to the lower confined aquifers. In addttton, based on the available depth-to<lay

data, the area near MW-63 appeared to be the entrance by which groundwater entering the
transition zone had to flow. With the addition of SB-105, SB-106, MW-107, and MW-108, the
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connection between the fluvial aquifer and the intermediate aquifer appears to occur within

a larger area.

Figure 7 shows an elongated clay layer located at SB-105 above a lower clay unit with sand

separating the two units. Top-of-clay (147.18 and 133.25 feet mean sea level (MSL)) and

water table (190.49 and 189.86 feet MSL) elevations at MW-107 and -108, which are

positioned north and south of SB-105, suggest the two locations are connected

hydrogeologically. Figure 9 adds further evidence to the interconnectivity of the fluvial

aquifer with the intermediate aquifer. This cross-section transects the "noflow to limztedflow"

boundary in the north-northwest comer to the southeast comer of the MI. The upper clay
unit located at STB-8 and MW-27, -89, and -90 is also separated by sand from a lower clay

unit located at MW-108. Evidence, such as the elevation of the bottom of the upper clay unit

at MW-89 (192.5 feet MSL) being higher than the water table elevation at MW-108 (189.86

feet MSL), and the water table at MW--89 (185 37 feet MSL) being shghtly lower than at MW-

108, suggests the groundwater is flowing under the upper clay umt. Figure 11 also

illustrates an elongated clay layer located at SB-105 above a lower clay unit dipping toward
the west-southwest from MW-63 and -108; the upper clay unit connects to the lower clay

unit toward the west. Therefore, the fluvial aquifer appears to be connected to the lower

confined aquifers from MW-63 to -108

Top-of-clay elevattons within the southwest corner were speculated to be relatively fiat and

gradually dlp toward the center of the MI based on potentiometric surface maps and offsite

soil bormg logs generated for the MI RI. The addition of LTOA wells MW-97, -98, -99, -100, -

101, and -102 changed the CSM for the top-of-clay in this region of the MI (Figure 11).

Beginning at MW-100 and -101, the top-of-clay forms a trough with a gradual decrease in
elevation to the northeast towards MW-108. The MW-108 location appears to have been

placed within the deepest portion of the trough. Figures 5 through 7 present cross-sectional

views of this trough. The trough does not appear to have a direct effect on groundwater

flow pathways in the upper portion of the fluvial aquifer underlying the southwest corner
of the MI.

Boring logs from the remaining moattoring wells installed m the northeast and southeast

portions of the MI added critical lithological and hydrogeological information but did not

change previous conceptual site models.

Soil

Soil samples were collected from each borehole as de_ribed in the Sozl Boring and Soil

Samphng Methodology section.

Volatile Organic Compounds

Twenty-eight soil samples were collected for laboratory analysis of VOCs (Table 1). Of

those samples, only five soil samples had detectable concentrations of chlorinated

hydrocarbons
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Monitoring Well

Sample ID and
depth of collection

(ft bgs)

LTOA Site Bldg. 260

CVOCs Detected (ug/kg)

MW-86

MW-86-78

MW-88

MW-88o78

SB1

MW-92

MW-92-96

SC1

MW-100 MW-101

MW-100-92.5 MW-101-994"

SS89 RI32

Tetrachloroethene
(PCE) 16 9 1.6 J 1.1 J ND

Trlchloroethene (TCE) 1.1 J ND ND 65J ND

CIs-1,2-Dichloroethene
(cis-l,2-DCE) 0.92 J 1.2 J ND ND ND

1,2-Dichloroethane
(1,2-DCA) 1.6 J NO ND ND 3 J

Carbon Teb'achlodde 8.5 1.3 J ND ND ND

Chloroform 3.3 J 0.95J ND ND

'. MW-101-994 is a duphcate of MW-101-99; MW-101-99 did not have detectable chlorinated
hydrocarbons.

ND Below ana[ytical detection hmlts.
J: Eshmated concentratzon

ND

Analyttcal results of soil samples from LTOA sites RI59/RI58/SS66/B260/SB1/SC1 and

RI32/SS89 indicate soil contaminat,on of chlorinated hydrocarbons above the watertable in

the southeast and southwest corners of the MI. Previous sampling events indicate

groundwater contaminahon of chlonnated hydrocarbons are associated with these LTOAs.

Since headspace field screening methods conducted during the LTOA investigation did not

indicate contaminated soil from the ground surface to the water table, soil samples were

only collected immediately above the water table. Therefore, chlorinated hydrocarbons

detected in those soil samples are assumed to be caused by volatihzation from the

groundwater. PCE concentrations detected in soft samples from MW-86 and -88 are below

the Region 9, soil screening level (Dilution Attenuation Factor [DAF] 20) of 60 ug/kg. MW-

100 had a TCE concentration of 65J ug/kg, which is above the Region 9 soil screening level

(DAF 20) of 60 ug/kg but below the Preliminary Remediation Goal (PRG) of 2,800 ug/kg for

residential soil and 6,100 ug/kg for industrial soil. Other VOCs detected in the soil samples

include acetone, bromoform, 2-butanone, methlyene chloride, and toluene, these

constituents were all reported as estimated concentrations. Analytical results for all detected
VOCs are located m Attachment 3.

Semi-v01atile Organic Compounds

Six soil samples were collected from SB-105 and MW-108 for laboratory analysis of total

SVOCs (Table 1). Bzs(2-ethyIhexyl)phthalate was detected in 5 of 6 samples at concentrations

ranging from 225 to 377 ug/kg According to CAS, Bis(2-ethylhexyl)phthalate is a common

constituent associated with sampling gloves Bls(2-ethylhexyl)phthalate concentrations are
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well below the Region 9 PRG of 35,000 ug/kg for residential soil and 180,000 ug/kg for
industrial soil. No other SVOCs were detected, including PCP.

Five composite soil samples were collected from SB-105 at the suspected source area (PCP

dip vat) for SPLP SVOCs with PCP being the target analyte. According to OHM (1986), the

soil at the location of SB-105 was excavated to a depth of 10 feet and replaced by clean soil.

Therefore, composite soil sampling began at a depth of 10 feet and proceeded every 20 feet

to a depth of 99.5 feet. Only the composite soil sample from 10 to 30 feet bgs had detectable

concentrations of PCP (0 003J rag/L). All other samples did not contain PCP and other

chlorophenols above laboratory detection limits. SVOC laboratory results for soil samples
are located in Attachment 3.

Total Organic Carbon

Eighteen TOC soil samples were collected below the water table within the soil borings

(Table 4) MW-86 had a TOC sample collected from a perched water-bearing zone (86 feet

bgs) in addition to a sample taken from the fluvial aquifer (105 feet bgs).

Soil samples from MW-85 through MW-96 (9 samples total) were submitted to the

laboratory as a group for TOC analysis. Results for this group of samples did not reveal

TOC above laboratory detection limits (100 mg/kg). CH2M HILL contacted the laboratory

to determine if any discrepancies in the data existed. According to the laboratory, the TOC

samples were analyzed correctly.

Of those samples where TOC was revealed, concentrations ranged from <100 to 670 mg/kg.

The average TOC in the fluvial aquifer to the southeast is less than 100 mg/kg while the

average TOC in the fluvial and intermediate aquifers to the north/southwest ts 519 mg/kg
This TOC data will be included into the TOC data set for the MI and will be further

evaluated m the RD/RA

Groundwater

Groundwater samples were collected from each monitoring well as described in the

Groundwater Samphng section.

Volatile Organic Compounds

A total of 113 groundwater samples were collected from 17 monitoring wells for laboratory

analysis of VOCs. 'Fable 5 presents a summary of these results. Of those samples, 107 were

collected using diffusion bag samplers and six were collected using low-flow sampling

techniques from the tluddle of the screened interval. Eight diffusion bag samplers were

accidentally suspended above or partially within the water column in wells MW-85, -92, -93,

and -94. Therefore, the analytical results from those bags have been rejected and are not
included in the final data set

Within Table 5, analytical results for each individual diffusion bag and screened interval are

shown along with average concentrations per monitoring well for each constituent. By

using diffusion bags to sample discrete intervals within the water column, a better

understanding of the movement of contaminants within the aquifer is obtained. This

knowledge will be used to target zones of higher contaminant concentrations within the

aquifer during remedial acttons
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The results were averaged for possible groundwater exposure scenarios as with risk

assessments. Risks for exposure to contaminated groundwater are based on a per well

average. Average concentrations of the COCs for each LTOA monitoring well are shown in
Figure 12. Past sampling events associated with the MI RI have indicated PCE and TCE

plumes located in the southwest and southeast corners of the MI. Results from the LTOA

wells re-enforce the boundaries of those existing plumes albeit at higher concentrations than
previously recognized.

Groundwater samples from I,TOA monitoring wells in the southwest corner of the MI (i e.,

MW-97, -98, -99, -100, -101, and -102) revealed concentrations of several CVOCs (Table 5).

PCE was detected in well MW-100 at an average concentration of 50 ug/L (min: 14 ug/L,

max: 65 ug/L) and in MW-101 at an average concentration of 480 ug/L (min: 450 ug/L,

max: 530 ug/L). The highest PCE concentration of 530 ug/L was detected in the upper

screened interval (89 to 104 feet bgs) of MW-101. This PCE concentration is the highest
detected to date within groundwater underlying the MI. TCE was detected m MW-100 at

an average concentration of 79 ug/L (min: 44 ug/L, max. 98 ug/L) and in MW-101 at an

average concentration of 0.9J ug/L (min: 0.8J ug/L, max: 1 0 ug/L). Cls 1,2-DCE was

detected in MW-100 at an average concentration of 1.2 ug/L (rmn: 1.1 ug/L, max: 1.3 ug/L)

and in MW-101 at an average concentration of 0.3J ug/L (min: 0.3J ug/L, max: 0.4J ug/L).
Estimated concentrahons of <lJ ug/L were detected for a number of the other CVOCs of

concern. Only TCE and chloroform was detected at estimated concentrations of <lJ ug/L m
the sample collected from MW-102.

Five additional monitoring wells (MW-85, MW-86, MW-88, MW-92 and MW-96) were
installed in a downgradient position from LTOA Sites SS-66, SB-1, SC-1, RI-58 and -59. The

saturated thickness of the fluvial aquifer was measured at approximately 11.5- to 19.5-feet

The highest concentrat|on of PCE was detected in well MW-86 at an average concentration

of 198 ug/L (nun. 18 ug/L, max" 280 ug/L) and in MW-92 at an average concentration of

150 ug/L (rain: 130 ug/L, max: 160 ug/L). The highest TCE concentrations were detected in

MW-85 at an average concentration of 23 ug/L (min: 20 ug/L, max: 26 ug/L) and in MW-86

at an average concentration of 20 ug/L (ram. 5.2 ug/L, max: 25 ug/L). The highest cis-l,2-

DCE concentrations were detected in MW-86 at an average concentration of 53 ug/L (min.

18 ug/L, max. 76 ug/L) and in MW-85 at an average concentration of 28 ug/L (min 25
ug/L, max. 30 ug/L). The highest concentrations of chloroform were detected m MW-86 at

an average concentration of 77 ug/L (rain: 34 ug/L, max: 98 ug/L) and in MW-85 at an

average concentration of 64 ug/L (rain: 61 ug/L, max. 67 ug/L). The highest concentrations

of carbon tetrachloride were detected in MW-85 at an average concentrahon of 122 ug/L

(min: 110 ug/L, max- 140 ug/L) and in MW-86 at an average concentration of 77 ug/L (rain'

26 ug/L, max. 94 ug/L). 1,2-DCA was detected in MW-86 at an average concentrahon of 3.6

ug/L (min: 2.0 ug/L, max. 7 5 ug/L). MW-96 is the furthest well down-gradient of this
group of LTOA sites The concentrations of PCE, TCE, c_s 1,2-DCE, chloroform and carbon

tetrachloride are well below the concentrahons detailed above.

Two additional monitoring wells (MW-103 and -104) were installed in a downgradient

position of LTOA Sites SS-35, -36 &-37. The saturated thickness of the fluvial aquifer was

measured at approximately 20- to 27-feet and was encountered on the confining clay layer.

PCE was not detected in either well; however, TCE was detected in MW-104 at an average

concentration of 11 ug/L (ram. 0.9J ug/L, max 24 ug/L) and in MW-103 at an average
concentration of 4 0 ug/L (ram" 0.3J ug/L, max. 5.8 ug/L). Chloroform was detected in
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MW-104 at an average concentration of 12 ug/L (rain: 4.0 ug/L, max: 20 ug/L) and in MW-

103 at an average concentration of 13 ug/L (ram: 1.9 ug/L, max: 17 ug/L). Low level
concentrations of cis 1,2-DCE, 1,1-DCE, 1,1-DCA, 1,2-DCA were also detected.

MW-107 and -108 are located in the transition zone between the fluvial and the

intermediate aquifer. Groundwater samples from both of these monitoring wells have

detectable concentrations of PCE (0 8J and 2 6 ug/L, respectively) and TCE (2.7 and 6.4

ug/L, respectively) Chloroform is also detected in both wells but the level of chloroform is

more prominent in MW-108 at 6 4 ug/L Groundwater contamination within MW-107 and -

108 suggests contaminates could be reaching the lower confined aquifers via the transition

zone.

Chlorinated hydrocarbon concentrations detected within samples from LTOA monitoring

wells re-enforce existing plume maps with the exception of MW-103 and MW-104.
Groundwater contaminants in this portion of the MI were previously unknown For a

complete summary of laboratory analytical results, refer to Attachment 4.

Semi.volatile Organic Compounds

One groundwater sample was collected for SVOC analysis from well MW-108 using low-

flow sampling techniques. Analytical results show that no detectable concentrations of

chlorophenols, specifically PCP, were detected in MW-108. Bis(2-ethylhexyl)phthalate (9J

ug/L) and diethylphthalate (0.81J ug/L) were the only SVOC constituents detected in MW-
108. The concentration of Bis(2-ethylhexyl)phthalate violates the EPA maximum

contaminate level (MCL) of 6 ug/L but could be an artifact of field or laboratory

contamination. MW-108 had Bis(2-ethylhexyl)phthalate concentrations detected in both soil

and groundwater samples.

Summary and Conclusions

Conceptual Site Model

important hydrogeological information was collected during the drilling of the LTOA

monitoring wells on the MI.

• With the addition of the LTOA wells to the existing MI monitoring well network, the

potentiometnc surface of the fluvial aquifer and groundwater flow directions did not

significantly change from previous conceptual models. However, based on the new
data, flow directions within the fluvial aquifer in the center portion of the MI did change

it now appears to be influenced by the connechon between the fluvial and intermediate

aquifers located in the Northwest quadrant of the MI.

• The areal extent of the vertical window to the lower intermediate/confined aquifers

appears to be larger than previously hypothesized (m the vicinity of MW-63 to MW-

108).

• The "noflow to limited flow" boundary extends further to the southeast based on boring

logs from SB-105 and -106.

• As shown in Figure 11, a trough is present from the MW-101 location northeast towards

MW-108. The trough is underlain by the clay confining umt present throughout the MI
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subsurface. The trough elevation and, subsequently, the top of the clay confining unit,

gradually decreases towards MW-108 Although the clay confining unit surface is

understood from a CSM perspective, there is some doubt as to the correlation of this

unit between monitoring wells MW-62, -89, -90, -98, -99, -108, and soil boring SB-105,

and whether there may be two separate clay umts. Based on available hthologic and soil

boring data, CH2M HILL assumes that the surface of the clay located at monitoring well
MW-62 is correlative to the clay surface at well MW-108. One or more wells will be

specified in the Remedial Design as either Long-Term Monitoring (LTM) network or

CSM wells to alleviate the current data discrepancies regarding the stratigraphy of the

clay confining unit. As part of the LTM or CSM program, these wells will be scheduled

for installation first and a decision tree will be included in the RD package that provides

direction as to which way to proceed based on the stratigraphic data from these wells

(i.e., Does the clay dip downward to MW-108 from MW-62 or are there two separate

units? Also, is groundwater flowing beneath the clay at MW-62 similar to what is seen at

monitoring wells MW-27, -89, and -90?)

GroundwaterQuality

LTOA Group I (LTOA Sites SS-35, .36 &-37)

Existing piezometer PZ-06 appears to be located down- and side-gradient to the LTOA sites

and existing well MW-53 appears to be located side- and up-gradient of the LTOA sites.

MW-53 was sampled 5 times for VOCs from 1996 through 1998. TCE is the only CVOC

constituent that has ever been detected in this well at a concentration oflJ ug/L. PZ-06 was

sampled m 1998 and no VOCs were reported as being detected.

The CVOC groundwater contamination detected downgradient of this group of LTOA sites

in wells MW-103 and -104 is a new finding; however, the total VOC concentration is below

150 ug/L and the detected concentrations do not indicate the presence of a DNAPL or

source-term. The RD will review this portion of the fluvial aquifer on the MI as a possible

candidate for natural attenuation and long-term momtormg (UI'M) during the RA.

LTOA Group 2 (LTOA Sites SS-66, SB-I, SC-I, RI-58 and -59)

The closest existmg wells to this group of LTOA sites includes plezometer PZ-07 (located

side-gradient to the LTOA sites) and MW-26 (located downgradtent of the LTOA sites).

MW-53 was sampled 6 times for VOCs from 1993 through 1998. The highest concentrations

of CVOCs detected include PCE at 16 ug/L, TCE at 2J ug/L, chloroform at 1J ug/L, and

carbon tetrachloride at 4J ug/L. PZ-07 was sampled m 1998; however, the sample was not

analyzed for CVOCs. Existing well MW-25 ts located further down-gradient from MW-26

(approximately 650-feet southwest) and was also sampled 6 times from 1993 through 1998

The highest concentrations of CVOCs detected included PCE at 11 ug/L and carbon

tetrachlonde at 2J ug/L Existing well MW-64 is located approximately 900 feet dtrectly

west of the LTOA sttes and was sampled 1 time for VOCs in 1998. The highest

concentrations of CVOCs detected include I'CE at 10 ug/L, TCE at 28 ug/L, 1,2-DCA at 1J

ug/L, chloroform at l Jug/ L and carbon tetrachlor,de at 4J ug/L.

The higher concentrations of CVOCs detected in wells MW-85, MW-86 and MW-92

const|tutes a new finding. Based on the available reformation, thts area appears to be the

source for the CVOCs historically found In MW-25 and MW-26, and perhaps for MW--64
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However, the detected concentrations of CVOCs do not indicate the presence of a DNAPL

or source-term. The RD will consider this portion of the fluvial aquifer on the MI for

enhanced bloremediahon during the RA

LTOA Group 3 (LTOA Site SS-78)

One monitoring well (MW-94) was installed in an inferred downgradient position of this

LTOA site, based on available groundwater flow direction data. However, with the

installation and collection of potentiometric surface data from the LTOA monitoring wells,

groundwater appears to be flowing east/east-northeast instead of to the southeast.

Therefore, MW-94 does not meet the primary objective of being downgradient of LTOA Site

SS-78. To meet this objective, the BCT agreed to the installation of a monitoring well

approximately 500 to 700 feet northeast of Site SS-78, as part of the LTM program during the

RA. If the thickness of the fluvial aquifer at this location is found to be significant 0 e.,

greater than 15 feet), nested wells will be reqmred at this location.

No CVOCs of concern were detected in the groundwater sample from well MW-94. Based

on available groundwater analytical data for the MI, MW-94 appears to be located east of

the eastern, leading edge of the PCE and TCE plumes on the southwestern portion of the

MI. Based on its location, the RD may consider MW-94 as part of the LTM program for the
RA.

LI"OA Group 4 (LTOA Site RI.34)

One monitoring well (MW-98) was installed in an inferred downgradient position of this

LTOA site, based on available groundwater flow data ] lowever, with the installatmn and

collection of potentiometric surface data from the LTOA monitoring wells, groundwater

appears to be flowing northeast instead of southeast. Therefore, MW-98 does not meet the

primary objective of being downgradient of UFOA Site R134. To meet the objective, the BCT

decided that an additional monitoring well will be installed adjacent to MW-39, as part of

the LTM program during the RA. Based on available groundwater potentiometric surface

data MW-39 is assumed to be downgradient of LTOA Site R134, but is screened across the

water table with approximately 10 feet of the screened interval below the water table. MW-

39 does not extend to the top of the confining clay unit and the aqmfer is approximately 44

feet thick. Therefore, an additional momtoring well will be installed as part of the LTM

program during the RA, with a screened interval positioned directly above the clay

confining umt. MW-39 has been sampled 7 times from November 1993 through March 2000

with concentrations of PCE and TCE ranging from 2.4J-12 ug/L (average: 6.9 ug/L) and 3J-

8J ug/L (average. 5.5 ug/L), respectively

MW-98 is located at the eastern, leading edge of the PCE plume originating from the

southwestern portion of the MI. PCE was detected at an average concentrahon of 4.6 ug/L

(min: 1.5 ug/L, max" 7.7 ug/L) and TCE was detected at an average concentration of 0.8J

ug/L (min: 0.8J ug/L, max" 0.9J ug/L) Chloroform was detected at an average

concentration of 0 2J ug/L (min" 0.2J ug/L, max: 0.3J ug/L) No other CVOCs of concern
were detected. Based on the location of this well, the RD may consider this well as part of

the LTM program during the RA.
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LTOA Group 5 (LTOA Site RI-27)

One monitoring well (MW-97) was installed in a downgradient posit]on of this LTOA site.

This Iocahon appears to be located near the southeastern edge of the PCE and TCE plumes
in the southwestern portion of the MI The saturated tluckness of the fluvial aquifer was

measured at approximately 14.5-feet and was encountered on the confining clay layer
documented as being at least 5.5-feet thick No PCE, TCE or other CVOCs of concern were

detected. Based on the location of this well, the RD may consider this well as part of the
LTM program during the RA

LTOA Group 6 (LTOA Sites RI-32 and SS-89)

Two additional momtoring wells (MW-100 and MW-101) were installed in a downgradient
position of the LTOA sites. Well MW-102 was installed along the southern boundary of the
MI, north of off-site well MW-47. The saturated thickness of the fluvial aquifer in this
location was measured at approximately 35 feet.

The closest existing wells to this group of LTOA sites includes MW-21 (located up-gradient
to the LTOA Sites ,SS-89) and MW-22 (located just south of LTOA Site RI-32). MW-21 was

sampled 7 times for VOCs from 1993 through 2000. The highest concentrations of CVOCs

detected include PCE at 78 ug/L, TCE at 39 ug/L, cis 1,2-DCE at 1 ug/L and chloroform at 6

ug/L. MW-22 was also sampled 7 times from 1993 to 2000. The highest concentrations of

CVOCs detected include PCE at 2J ug/L, TCE at 4J ug/L, and cis 1,2-DCE at 0.SJ ug/L.

The higher concentration of PCE detected m well MW-101 constitutes a new finding.

However, the detected concentrations of CVOCs do not indicate the presence of a DNAPL

or source-term. The RD may consider this portion of the fluvial aquifer on the MI for
enhanced bioremediation during the RA.

LTOA Group 7 (LTOA Site SS-83)

One monitoring well (MW-99) was installed in a downgradient position of this LTOA site.

This location appears to be located near the northern leading edge of the PCE and TCE

plumes on the southwestern port|on of the MI. The saturated thickness of the fluvial aquifer

was measured at approximately 22-feet and was encountered on the confining clay layer.

PCE was not detected; however, TCE was detected in MW-99 at an average concentration of

<lJ ug/L (rain. ND, max: 0 6J ug/L) and chloroform was detected at an average

concentration of <lJ ug/L (rain: ND, max: 0.2J ug/L). No other CVOCs of concern were

detected. This is consistent with concentrations detected up-gradient of well MW-20 in the

2000 samphng event (<lJ ug/L concentrations of TCE and chloroform). Based on the

location of this well, the RD may consider this well as part of the LTM program during the
RA

LTOA Group 8

LTOA Site SS-80 - One momtoring well (MW-107) was installed in a downgra&ent posihon

of this LTOA site in the intermediate aquifer. The saturated thickness of the aquifer was

measured at approximately 44.5-feet and was encountered on a clay layer documented as

being at least 8-feet thick. This well was constructed with 2 separate well screens separated

by blank well casing PCE was detected at a maximum concentration of 0.95J ug/L and TCE
was detected at a maximum concentration of 2.8 ug/L. Czs 1,2-DCE was detected at a

maximum concentration of 0.3J ug/L. Chloroform was detected at a maximum
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concentration of 0.2J ug/L, and carbon tetrachloride was detected at a maximum

concentration of 0 2J ug/L. No other CVOCs of concern were detected. Based on the

construction of this well, the RD may recommend that this well be abandoned during the

RA.

LTOA Sites SS-42/43 - An attempt was made to install a monitoring well in the source area of

the former LTOA PCI' Dip Vat site. However, no significant saturated thickness was

detected on top of the confining clay unit at this location. The SB-105 borehole was

monitored overnight for groundwater and none was measured, and, as result, the boring

was plugged and abandoned During the drilling effort for SB-105, composite and discrete

soil samples were collected from this boring and analyzed for SVOCs (using PCP as the

target analyte). Based on the results of the analyses, there are no soil impacts of PCP at this
location.

Since there was no measurable groundwater detected at the SB-105 location and, based on

the potentiometric surface at the time, monitoring well MW-108 was installed 325-feet
south-southeast of SB-105 Within MW-108 the saturated thickness of the aquifer was

measured at approximately 57-feet and was encountered on a clay layer documented as

being at least 17-feet thick. The lower 10-foot section of the aquifer was screened. No PCP

or resultant degradation products were detected in the groundwater sample at a

concentration greater thanthe method detection hmit of 3.1 ug/L CVOCs detected

included PCE at 2.6 ug/L, TCE at 6.4 ug/L, cis 1,2-DCE at 0.2J ug/L and chloroform at 6.4

ug/L.

Based on the location of monitoring well MW-108 and the concentrations of CVOCs

detected, the RD may consider this well as part of the LTM program during the RA. Upon

revlew of the hydrogeologic data derived from this investigation, MW-108 does not appear

to be downgradient of Sites SS42/43. Therefore, the primary objective of installing a

monitoring well downgradient of the LTOA sites was not met. To satisfy this objective, the
BCT decided that sentry wells completed in the intermediate aquifer west of LTOA S*te SS-

42/43 will be addressed as part of the LTM program during the RA. Additional monitoring

well installation activity descriptions in the RD will be accompanied with a decision tree

that provides direction as to which way to proceed based on the stratigraphic data from

these wells (i.e., Does the clay confining unit dip downward to MW-108 from MW-62 or are

there two separate units? Also, is groundwater flowing beneath the clay at MW-62 similar to

what is seen at monitoring wells MW-27, -89, and -90?).

Additional soil sampling will also be conducted m the vicinity of the former PCP dip vat

This work will be conducted under a separate scope of work and as a stand-alone workplan.

LTOA Group 9 (LTOA Site Former Drum Storage Area)

One additional monitoring well (MW-93) was installed in a downgradient position of this

LTOA site. This locahon appears to be located down-gradient of the southwestern leading

edge of the PCE and TCE plumes on the southeastern portion of the MI The saturated
thickness of the fluvial aquifer was measured at approximately 5-feet and was encountered

on a confining clay layer measured to be at least 5-feet thick. Chloroform was the only
CVOC of concern detected, at an average concentration of <lJ ug/L (rain: ND, max: 0.7J

ug/L). Based on the locat|on of this well, the RD may cons|der this well as part of the LTM

program during the RA.
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LTOA Group 10 (LTOA Site NE6 [former Bldg. T702])

During the LTOA investigatzon, a boring was advanced to the top of the clay confining unit

and a temporary well was installed in soil boring SB-106. One soil sample was collected at a

depth of 87-feet bgs, above the sand and gravel/clay interface. No CVOCs were detected in

the sample. After a 24-hour period, no measurable groundwater was present. The well was

removed and the boring plugged and abandoned as a result. Therefore, the primary

objective of installing a monitoring well downgradient of the suspected area-of-concern was
not met.

Surface soil samples were collected during the MI RI from 0-1 feet bgs at 3 locations (SS79A,

-B and -C') surrounding NE6 and analyzed for VOCs. VOC concentrations for the soft

samples at all three locations were below detection limits. Subsurface soil samples were also

collected during the MI RI at 3 locations (SB79A, -B, and -C) within the following intervals:

0-1, 4-6, 8-10, and 18-20 feet bgs; all soil samples were analyzed for VOCs. The only VOC

detected was methylene chloride at 2J ug/kg in the 4-6 and 8-10 foot samples of SS79A and

at 1J ug/kg in the 18-20 foot sample of SS79C. Soil samples collected from SS79B were all
below detection limits.

With the absence of the fluvial aquifer below NE6, coupled with the absence of VOCs m the

surface and subsurface soil samples collected during the MI RI, _t is recommended that no

further investigation be conducted at this site. Existing downgradient monitoring wells

MW-34, -36, -38, and -107 will be used as part of the LTM program during the RA.
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Table 1

LTOA Soil Sample Identificationsand Details

MemphJsDepotMaLntnstallabonLTOATechnicalMemorandum

Volatil

# Identification Date

1 MW-85-84 09/18/2001
2 MW-85-97 09/19/2001 1

3 MW-86-78 09/19/2001

4 MW-86-86 09/19/2001

Tnp Blank 09/19/2001
5 MW-88-78 09/20/2001

MW-88-788 09/20/2001

Tnp Blank 09/20/2001
6 MW-92-77 09/24/2001
7 MW-92-96 09/24/2001

Tnp Blank 0912512001
8 MW-93-100 09/26/2001

9 MW-94 - 108 09/26/2001
10 MW-93B-101 ' 09/27/2001

11 MW-96-62 09/27/2001

Tnp Blank 09/27/2001
12 MW-96-82 09/27/2001
13 MW-98-106 10/01/2001

14 MW-97-100 10/02/2001

Tnp Blank 10/02/2001
15 MW-99-20 10/04/2001
16 MW-99-90 5 10/05/2001

Tnp Blank 10/05/2001
17 MW-100-92 5 10/08/2001

18 MW-101-23 10/08/2001

19 MW-101-94 10/08/2001

MW- 101-994 10/08/2001

Tnp Blank 1010912001
20 MW-102-108 10/10/2001
21 MW-103-15 10/15/2001

22 MW-103-61 10/15/2001
23 MW-103-72 10/15/2001

24 MW-104-63 10/15/2001

MW-104-663 10/15/2001

RB-1-JP 10/1512001
RB-2-AK 10/15/2001

Trip Blank 10/15/2001
25 MW-106-87 10/16/2001

26 MW-107-125 10/1812001

Tnp Blank 10/18/2001
27 MW- 101 B-87 10/19/2001

Tnp Blank 10/19/2001
28 MW-108-97 10/22/2001

Tnp Blank 10122/2001

Time Depth (ft bgs Matrix
1715 84 Soil

0900 97 Soil

1030 78 Soil
1430 86 Sod

NA NA Water

1800 78 Soil

1800 78 Soil

NA NA Water

1500 77 Soil
1545 96 Soil

NA NA Water
1245 100 Sod

1315 108 Soil

1130 101 Soil

1530 62 Sod

NA NA Water
1615 82 Soil

1715 106 Soil

915 100 Soil
NA NA Water

1500 20 Soil

1330 90 5 Soil

NA NA Water
1430 92 5 Sod

1630 23 Soil

1345 94 Soil
1345 94 So_I

NA NA Water

1035 108 Soil

1100 15 Soil

1438 61 Soll

1525 72 Sod
1550 63 Soil

1600 63 Soil

1700 NA Water

1035 NA Water

NA NA Water

1620 87 Sod
1130 125 Soil

NA NA Water

1415 87 Soil

NA NA Water
1700 97 Soil

NA NA Water

Comment

Duplicate

Duplicate

Duplicate

Eq. Blank
Eq Blank
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Table 1

LTOA Soil Sample IdentWcaSoosand Details

M,emph_sDepotM_n Instal!archLTOATechnca_Merno_m

Semi-VolatileOrganic Carbons (SW846/8270)

# Identification

1 MW-105-83

2 MW-105-92

3 MW-105-97
4 MW- 108-83.5

5 MW-108-97

6 MW-108-170

Date

10/15/2001

10/15/2001

10/15/2001

10/22/2001
10/22/2001

10/22/2001

Time Depth (ft bcjs)

1700 83

1715 92

1730 97
1500 83.5

1530 97

1600 170

Matrix Comment

S_I

Soil

S_I

Sod
S_I

Soil

SPLP/PCP Leachability

# Identification

1 MW-105-10-30

2 MW-105-30-50

MW- 105-50-70
MW-105-150-170

4 MW-105-70-90
5 MW- 105-90-107

Date

1011512001

10/15/2001
10/1512001

10/15/2001

10/15/2001

10/15/2001

Time Depth (It bgs )

1345 10-30

1400 30-50

1500 50-70

1505 50-70
1535 70-90

1745 90-107

Matrix Comment

Soil
Sod

Sod

Soil Duplicate
Soil

Soil

# Identification Date

09/18/2001
09/19/2001

09/19/2001

09/20/2001

0912512001
09/26/2001

0912612001

1 MW85-86ft-09182001

2 MW85-105ft-09192001

3 MW86-1031t-09192001

4 MW88-83ft_)9202001
5 MW92-106ft-09252001

6 MW94-110ft-09262001

MW94-10ft-09262001

Time Depth (Itbgs) Matrix

1745
1030

1430

1648

0745
1335

1350

8 MW96-88_-09272001

9 MW98-110ff-10012001

10 MW97-105ff-100201

11 MW99-95fl-100501
12 MWlOO-98fl-10082001

13 MWlO1-105fl-100901

14 MW102-113ff-101001

15 MW10_75fl-101501

16 MW104-63R-101501

17 MW107-153ff-101801

18 MW108-167_-102201
MW108-267fl-102201

7 MW93B-106ft-09272001 0912712001 1245

0912712001 1655
1010112001 1715

10102/2001 0920

10/05/2001 1330

10/08/2001 1450

1010912001 1400
10/10/2001 1130

10/15/2001 , 1500

1011512001 : 1410

1011812001 1230

10/22/2001 1700

10/22/2001 1705

NA NotAppl_t_e
ft. Feel

i0gs Bc4owGround Surface

Comment

86 Soil

105 Soil

103 Sod

83 Sod
106 Soil

110 Soil

110 Sod Duplicate
106 Sod

88 Soil

110 Sod
105 Sod

95 Soil

98 Soil

105 Soil

113 Soll

75 Soil

63 Soil
153 Soft

167 Sod

167 Soil Duplicate
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Table 4

Summary of To_alOrganic Carbon Analytical Results
MemphisDepotMareInslat/atJonLTOATechnicalMemorandum

Monitoring

Well

MW-85
MW-85

MW-86

MW-88

MW-92
MW-93

MW-94

MW-96

MW-97

MW-98
MW-99

MW-IO0

MW-101

MW-102

MW-103
MW-104

MW-107

MW-108

It bgs = feel below

Sample Depth TOC

(fl bgs) (mg/kg)

86 < 100

105 < 100
103 < 100

83 < 100

106 < 100

106 < 100
110 < 100

88 < 100

105 670

110 533

95 760
98 601

105 452

113 482

75 501

63 644

153 372
167 176

round surface

mg/kg = mdlKjrams per kdogram
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Attachment 1 - LTOA Soil B_s



703 86

P_e 1_479

CH2MHILL

PROJECT NU Id8 F..R IBORING NUMBER

160492 SA.03 I MW-85

SOIL BORING LOG

PROJECT Io_gTmm _OP_faL'on_Aleas _Depo( lOCATION _ Ter_'_-.ee_

t: I FVATK3_I 304 13 fee,I MSL {10CI, 304 50 f_e_lMSL L_d ) DRJll I rNG CONTRAC] OR Td _tale Tes_.j __s_ I_c
ORIL LING METHOO ANO [:QUIPMEN ! US(D _ktEaow$1_ A_ 4 25 ,r<_ IU _m C_E Sacnpi___
WATFR LEVELS 99 97 fe_ ,31OC (11r2001 $1ART 0_t 8r2001 END 0oj 19.qCO ! LOGGER

:)_ P;H BELOW SUR_ACp (FT) STA,NDA._D ,_ I_SCR_'TK)N

NTI- RVAL (rT) pENI- TRAT K3e4

_ZECOVI-_y t%J TEST
_/TYPE RESULTS

I I

-I I s(x)
I I

-I I
I------I

-I I
I I

-I I

5 I I l(X}
I I

.I I
I I

-I I
I------I
I I
I I
I I

I I 100
10--I I

I I
-I I

_1 I

-I I
I I
I I

15 I I
- I I I00

I I
-I !

I I
-I I

_1------1
I I

_1 I
I I

20 I I 100
I I
I I
I I
I I
I------I

I I
I I

I I
25 I I 100

-I I
! I
I I
I I
I------I

I !
I I

-I I

3O I I 50
I !
I I
I I

_1 I

!--__J
-I I

I !
-I I

3Oi !
! I

I I

I !

6-4_-_.- 6-

SO4LNAME USC.<;CROUP S_4BOL CGtOR

M_J_StU_E CONTENT RELAliVIE DEN_JTY

OR CC_L_JSTENC_ SC4L ¢;TR_K:ILR_E

_top
UsedhelowMem 6"9_¢_ c_yeys.,ll ,eckd_j_o_,nSffS_3 fcm ffalm_-

_W_ m_r_oO
_,0 pe_eka [m¢_re'

r_t.dIs

_)]1T _*al_Id_ C_y re_kr_ _,Own _ _ _M'3.d4=1_

yelowr_hJ_._ 5YR_6 v_l S<_4 _ moslly med_

Ja_, Parker pa¢ol)s_
C._NTS

DEPTH or C/_h_; DR1LLIN_ KATE

D_ILLING FLU¢OI OS._

T_-STS_AND INSTRUMENTAT _

c..-,,_-_ F© p,p._|
(5_ hea_spa¢'eJ

OI

12

eO

O@

O0

O0

64

OI

_m

L_,er_, 01114,'2002

P_)PhO_O _._ 0_ P _,148(]?lMogsV_lachm_rff l_Bollng k)gs MW8S 108 xl$



• 705 87

pa,_ 2 o_ _

F_OJECT NUMBER

O CH2MHILL 460492 5/_03

PROJECT to¢_ Term Ope,amonal A/ea.s - _ _ .

ELFVATION _ 3_4 13 le__t MSI (TOC)_ 3_4 50 fe_q MSL (,._oun4)

DHIL LING METHO0 .,_JO E QU_iiPMF N T US£ 0 Hollow Stem _A_ 4 25 mc_ _ wnlh OME _l_

WAT[HLCVLLS 99971eeIBTOC 11/"2(]01) START 09/18.'2001 [ND 09L1_'2(]_1

DFpTh 0£ [OW ._UI:_ AC E (F T) STAtA".,AI_D

RCCOV£RY {%1
|/T_PE

OORING NUMBER MW-85

SOIL BORING LOG

LCCATk3N Memphr_ T_'_"e

DHIL LING C(_'T RACTOR TnSi_oTe_bc_Se_x_,5_c

LC_R

-I I
I I

-I I

I 6040 _ !

I I
I !
I I

]---I
I !

.! i
! !

4s ! f _o
I f
I I
I I

-I !
I---I

-I !
I !

-i !
50_1 I 50

! |
-I !

! I

I
-I I

I
-I I

55 I 50
I
I

-I I
I

t___/
I
I
I

I 65

!
!
i

-I___ I
!
I
!

65 I I00

!
-I !

!
!

!
!
I

70 __ | 10o
!

_1 I
I

-I I
I----I

-I I
I

SO4L O E*_F_I_' T_

1E$I SOIL NAME USC_ GM(J_.q' SY!_ CC_OR

HE._4JL T$ MOISTURE CONIENT R[LAT/V_ OE_]'f

r_ls

samp loose ro_lo s_o_._e_J pet_b_

¥e41ow 10Y_* 7A_ v_ _l_'_ _11_ _rf_1100'_. dryIo dot11]

r_ytllow75YR t_ fee wel l_4<1 _U_el Io_._

e_%NO b_p,e_ _(_m 7 SYR _d4 _o ¢o rrwed Wd$_ som_ _¢&v_ ;o I 5"

,_:,.:o_e_l _ d.a*1_ I_ m7 £*z.b¢,_ a,_ _S'_I4- tC_

Jay Parker (Ja_ 1

COe_TS

DEPTH OF C,_NG DRILLING RATE

DRILLING FL tJ_O LOSS

T_-_T_ I AND _ 1P1_Nd_ M TA I_ION

1o

21

81

119

4g

35

O3

Le';_ _ 01114/2002

_) _ k_a_on DeCKle* p 11480 f 1 _Jo_sUktl_w.,_nor_ t Bonr_ Jo_s MYV_- 10_ )ds



CH2MHILL

',,liB,,-

PROJECT NUMB[R JBOf_NG NUMBER

160492 SA 03 _. MW-85

SOIL BORING LOG

__PR.(_JFCT lorKjT_mOl_eraboP.id_ru_s Memphrs[_pc_ _ tC_ TION _ T_r,rmssPn
LLLVAIK)N 304 13 k'¢4USL (TOC), 30,4S0feet USL _ouf KI) - " ORILLIINGCO(_rRACTO'_ TnSL'tle T_=_,n,qS4_tr_s Ir_c

P,_tLLING M[THOO AND LQ_IPMIENT USED Ho4o_ .¢,_PmAu<'je_4 2S _ch ID w m CUC Sa_'_x_ec
WATFR LEVELS 99 9Z feel 81OC (IV2001 bTARI 09JI8/_001 END 0¢JJ19/2001 LOGC4.R

ID_'p1)eK__.OW_URFACE(F_ STAICOARD SOIL0E_:,CHIP_

INTEk'VAJ_(FT)
ReC.O_RV i%)

I/TYp'E

I
7s. I 5o

I
-I I

I
I

I---I
I
I

1 I
8O I 1(_

I
I
I
I

I---I
I
I

-I I
I 10o

I
I

I I
I___J

_1 I
I !
I I
I I

qo -I I 10o
I I
I I
I I

-I I
I----I
I I

_1 I
I I

gs I I 8o
I I
I I
I I
I I
I----|

I I
-I I

ioo I ! loo
! I
I I
I I
I !
I___1

-! I
I I

-! I

10,5 | ! _(x)
! I

I
-I I

I

]---I
!

_! !
!

tlo ! lco
!
|

PLNICTl_J_I K3N

IES! SC4LNAMEUSCSG_O_'SYI4_C_. CC_.O_
RESLA.TS M.C4C;TURF('ONTENT R[LA1]V_O('t4SJ'/y

6"_5"6"6" ORCONSJSTCNCySCIL,STRtK;TURE

_l urn_OGv

)_d hoOow_.turnS.ANO_owt_Jt yelow7SyR(g4_tont._/ W4flla_mlfn 15"
8¢x'Jet _ ICOS,eOWl_tD_y plbblet_._dg_;_ee_-10%

dnr_g memo_
_0pe¢__al_Jnle,S

ptt_J<

_F_55 y_,_J_ _ ordm

_9_¢._ peC_OSa_cS9ra¢,_ d.m'_Dtomini1

p4_yVJlow25Y7/'2_ Io_ _ee4i_or_

_,ANO&_k_y_w25y 7/2 _ _ _lorte<Lmo_a_ow_f

,_,,m_C,,K_VEL&SANOm 103

M 10_5 SANOb_t_Fe_/25y7/2 vorylm,olok_ _ saW.rat,E<

Parker(JacO_
COMMENTS

DHIU.B_K;FLUIDLOSS

liSTS, N_D INSTHUt_ENTATION

23

3O

%vr,4_"_ fn( TOC

01114/2002
Pm ptw_,,o,_J,_o_D_¢_ P 114807 lYog_'v_tach rmml 1 Bo_m_j_ MW85 108 xts



705
p_ 4 o_ 79

PROJIECT N_JIIIBER

160492 S/_03
CH2MHILL

PROJECIr L_<_JTPe'mOp_tabon_Ate._ Mert_hrsDe_._

EL[VATION 304 13 f_l_t_SL {TOC)__;_4_ 5_ leer M_S_. I_oui_)

0 RIL LING MET HOO ANI_ E (_AJIP'_RL N T LISE 4_ piolow $[ern AU,_,_" 4 25 urtd_ ID Wtlh C_AE _

WAIERLE%'IELS 9997feel_-OCi11/2001) STAIRI 09,'18++2001 END 09ilgt2001

SOmNGNUMBER MW-85

SOIL BORING LOG

I(X_AI_)N M_ lenPc_s, oo

DRILLli_G CON IKACTOR Tn Slate 'Tesf_ So_m:_'++ k'¢ --

LOGGER r Parke_ (Ja,oo_s)

Y,cpTH OFL C_ S_CF A CJE (F ])

_TLRV_ <n_

_CO_Emy i%1

IIT'rT_

I
I

I---I
-! I

I loo
-I I

t15 _ __ I

ST/k_4OA_[ ] SOIL I)E _C_I IP T)CJ,N

pt- N:L-r RATION

TEST _ _ tJ_,C.R G,_C_.II> SYMRG4. COLOR

RESULTS I,IC4'_Tt_F C_ RELATIVE I_NSIinP

6"_'-6 ° 6"

i,+l
OR COe4_ISTEN_y SOIL STRI,_T_F_JE

MLNEI_ALOGY

_Y _ey _ II1SIO¢_

_e_e _ _ CLAy

11:RIdlNATIED I_ 115 Flcl_ ¥ U<$S

CJ_,IMENIS

D_PIH C+ CA_mJ_G+ t_ LI,_ }_,A1 [

C_J.I*_, R.UID I O<;S

"tESTS, _ Iht_Tk'UtWr3sll kl FON

c,'..,,<_ r+oipp_p

120

125__

_3<)

135

t40_

01114f"2'CO2

p,o_l,_+,t,,o,c,e_¢<_o_ p _1480/1LIog_tt,x_rnenl I _c_,nrKj k_js MW_5 10_ xl_,



705 90

e CH21VlHILL

PROJECT NUhI_ER JBORING NUMBER

160492.SA.03 I MVV-86

SOIL BORING LOG

P'_OJECT Lon,_TormOpef-aL,<_'_lA,rea_ _DClX_4 _ LOCA1_i_ MemOs T_.mn_,s,_

EL FVATION 304 3b f,ee[ MSL (TOC), _,4 89 leel MSL (gro_md).___ DRM [ ,.NG CONT_CTOR Tfe $t_o Te_J_ _, [n¢
DRIL Lli_ MET lIOO AN_ FOUIPMEN_r USE D HoP,o_ Sl,'m Augo_ 4 25 md_ JD_ C_E _

WATER LEVELS _27fomBTOC(l_rz001) $TA_I _J*'18r_01 FNTI 09v24t20_l LOGG4ER A_t,_nK_",r(J_,bs)

lYe,PItH _L_ _J_FAC_ (FTr] STANOA_O SOiL _ _¢,C__ _K)N C,_k_lkl_NT¢,
e4tl:HV_ iF_r) P_IE t_A Tk_N

R[_RY _1 I[ ST _ _ tJSC_ CJ_OUpSYtdaPR_lCOLOR L_Ep TH OF C_._IIN_ ORII.LI_ _T[
I_rYP_- RIESt_ IS i*_Ot_TUi_c COt_TEh'T RIELAiriv_ W¢N_Ii-,_ (_LL ING.F I.L,_)LC_S

I I eo _ zs

I I no pen_rat_ tes_
I I fo_$

I I
-I I

5_1 I
I I 10o
I I
I I

-I I
I I

4------!
I I

-I !
I I

10 --I I 80
I I

-I I
I I
I I

-I----__1
4 I
I 4
I I

IS --4 4 _e
I 4
4 I
I 4
I I

_4 4

4 4

2°--4 4
4 4 60 92
I 4
4 I
I 4
4 I

1------I

-4 I

2",__ 4 4
4 4 80

_4 4
I I

-I 4

4 4
-I------I

I 4
-4 4

3O I I
I 4 70
4 I

-I I
_1 4

4 4

I 4
4 4

4
3s_: 4 60

! 4

I 4

_yc_ r_,_l _ k_wMaSL,_rx

121

39

$4

m
22

22

S4



705 91

PROJIE CT NUMBER

160492.SA.03
O CH2MHILL

PROJECT .Long T_m (3_atm_l A..O_ - Momp_s

DR&LING METHOD ANO EC_J_AE NT USED Hollow S4em _ 4 _ =nc__K) v,_L _CME S_nple¢

WATER LEVFI S g6 27 fe_t BTOC 111,"Z001) START 09/18/2001 ENO 09,'24/2001

[_lr pTH 0,It OW S_RJ: AC_ (FT)

IN 1FRV/_. (Fr)

I

I

I
--I !

I

40 _I I 65
I
I
I
I

-I I
I

45 --I I
i 50

-! I
I I

-I I
I I
I------!
I I
I I

5O I I
I I 6o

J I
I I

-I I
I I

-I------I
I I

-I I

551 I

_1 I
! !

_1 !

! I
-I------|

I !
! !

! 65
I !
! !

I !

-I !

k--I
-! !

I !
6S_l I

I I 65
-I I

I I
-I I

I I
1------!

I !
I !

7O I I
I I so

_1 !
I I
I I
I I

-I------i
I !

eOmNGNUMeeR MW-86

SOIL BORING LOG

LOCATION _ Zc,_r,,essee

DRR.LINGCONTRACIO_ Ta Stal"T¢'_J_g_, In'c"

-" -- L--O_FR Adam Kars_ (_I

STAND.'_H[) SOIL (X__TK_I

_E N_:l p.Atk')N

TEST SC4L NAMF U'SCSG_C_P %YMO(_. CCCC_

RE'_TS I,I<_STL_F CC_%rTENT R[IATi'_E O_[NSIIY

6"6"_"_*" CJ,RCCt'_JST'EM,CV SOW ¢;_'PJ/CF--

iNl _N(RNLC<,'Y

._ed t_ow su,rn _-_t "_6=_",T_T_-_lh._ 7wJ"G,_ ........................

aug_
dr_ng _

I_n_tra bon le_
m-z_s

29"of Red whdomod s.ar..d,-_o_slr_ave

S,w'_e

O_a_ENTS

(_p fH OF C,_,_NG O_ I1.LIINK;RA 11E

_ILLING FL_ LOSS

TF%TS, ANO IN_lk_NTAT[C'N
COmKle_ kid (r,pm)

21

10

IO0

45

22

7O

21



' 705 92

PROJECT NUB6ER

160492.SA.03
O CH2MHILL

P_OJECT Lon 9 Tram Cg___Io_d Aream Men_ D_pC_

ELEVATION 304 35 Ic_,t MSL (TOC_) 304 89 f¢__ _ (qnoun__}

eoRIhK; NUUBER MW-86

SOIL BORING LOG

DRll L h_, CONTRACTOR Tn- S _ te T_estm,j_ S,e_,,_c,es__ _ Inc

ORtLLING MFIHO() AND EOUJPMENT US.FD HE,low St_cn Auger 4 25 _ ID w_r= C.ME Sa_p_

WATER LEVFLS g_ 21 feet BTCIC [11/2(_ 1) START (_Jt 18/2001 END U9_'24/'20_ 1

I_Ep TH Blc i.OW SURFACe (Fi")

IMT[RVAL {_-T]

_cov_RY F.)
¢_ yp,[

I
75 --I I

I 65
-I I

I
-I I

I
1----I

[
I

8o I
I ioo

_1 I
I

-I I
I

I----I
I !

-i I
I I

85 I ! go
I I
I I

_1 I
I I
I___1
I I

-I I

qo I !I
I I 65

-! !
I !
I !
I I

i------|
_1 !

! !
_6_1 I

I I _o
-I I

I I
-I I

I I
I-----I
I I

-1 I
I0(} I

I 45
I
I
I
I

4------I
I
I

!
!
!
I

!
!

1to --I I
I lOO

R i

LOGGFR A_m K;v'_ ( J;k'xd_ )

$ I"At4LVU_ID _ DESCRFPTK_

P£NIE TRA I"K_4

IEST SC_.N_ USCSC, ROUPSYMO._ COLOR

RIES_JI.IS l_d_s1r_ C,ONIrENI FCtLATi'_¢ L__h'SrT_f

6-_6- 6- OR CON_JSTEN_y SOiL SlrHIJ( it_

IN1 _MER_LOGY

LC_ _ slmd m v_d g_4

W_ C_v

795 82S_y,San_Ve_Fm_ k_h_qrm

¢L_ _et _ ,1_rne_el

r c_v gn_

_lmdrlr_ _rey 2t'mo,_l

T._,"_-; ;,T_,_, ,w.,, ,.,_ ,._ ,.,__ _,.,.,o_...",_

S_lPtC:klyV_v<_yt,nes_lr_d _ _ s_fl sa_q_/c_r_o _NII(Y

COM_JI_NTS

_EpTH OF CASING _ L Ih_ RATF

_L IN_ FL urD LO_S

TESTS A*hlO IN _.TT_ jM[- N 1 AT K)N

11

)o_e _o_ _vIP, t01M 6 3g m

gJI!_0t a4 8 4_ a m 55

._l, mple co.lm_ed Jot TOC

!16

6S

Drok_ a_e_ on_y b_od 2 5

I _ a_ U x ,m_teJy 45 ° o_ _

11

>a r_ole cc_ed t_ VOC._

122

19

27



705 93

i CH21VIHILL

PROJECT NUMBER _ BORING NUMBER

160492 SA.03 J. MW-86

SOIL BORING LOG

PROJFCT L__o_l,_TecmOpero'tc, nd._.ei_, _1_,,o_p_[_p,_ LOCATION Ml_t_tos 1onne'_._

_E-L'EV^TrON 304 3_,_..et MSI (TOC) 30_ 99k,,_MS¢_} Df_III_GCC_'TRACTOR Td _teT,L'St,,,_i_:,_._,-,-'_ _,_:

DRJLLING MgTHOO AND EQUIPMFNT USIED W,_o_ S_ern _ 4 25 _,ch I[_ ",,,_, CME Sa_p_

WATEHLLV[L_> 9,62r_BTOC(11/._O01) START (:_/18t'20_1 [[NO (_,'2,tt'_l LOC_R A_L_mK,a_c,_(Jacd_)

)[pTH _.OW ,SUWr ACI: (I- 1) STAN_

NTT RVAL (_-T) PiE f_: TR,A T]ON

R$ ('(W_Ry _1_I TEST

L,TypE R_SULI_.

I I
-I I

I

-I------I

I

I

H::, I

-I I _o

I

I

_1 I

I

12o

125 -

I ]0 m I

135 --

140 --

6-_-_5o_ •

DiESCR_ TION

S@L_ USC5 C,_OU_J b_a_(_ COLOR

_)tRT_ ¢ Co,_r_NT _[LATWi_ D(N_JT_

OR CO_C_TFNCy c, C4L _Ir_t_C'ftJl_E

i _ s¢,bd cU_y gn_y har_ dry

_ltcG TF I_I1NA E O _ 118 r[(T

CC_I_hRS

{.¢ pTH O¢ _ _RIJ. I NG R_'_I:

[_R_LING FLUrD L_,_

TLS|S AND b_TRUI_J_I_TA'R(I,N

Wt41 al 11T _¢¢1 h_a,_ on _IOM

s0,:.on nq pnX_n:



'' 703 94

PROJECT NUMBER

i CH2MHILL 160492.SA.03

P'RO_CT L on9 Teem Opel s_l _ ea_s _l_

eom_ NUMBER MW"88

SOIL BORING LOG

LOCATION _ T_rm._

ELEVATION 30515f_etMSL_TO_),30547f_et _MSL (_) -- DRILl iNG CONTRACTOR TnS_aleTesUnQ._c_c_r_ h_ --
O_tLttNGMETteOOA_E(_Ir'_,_'TUSED Fkde,._vSt_em.__ a25m.chlDw_CME.__._ m
WATERLEVFLS 80_re_BTOC(11/2_l) _T_T 0o_0C20Ol F_ 0_/'200t LO_ER

le4TERV_M(FT)

,' ir/T_IE

I !
-I I
I I 1co
I I
I I
I I
I---1
I I

5_1 I
I I

_I 1 Ioo
I I

-I I
I I
I I
I---!
I I

I
_0 __ I

I I Ioo
-! !

I !
I I
! I
t------!

-I I
! !

I 1 IO(_
-! I
I I
I I

_I I

_:---i
I I

20--1 I
I I

-I I lo¢
I I

-I I
I I

-I I
I------I
I I

25 I I
I I

_I 1 10o
I I

-I I
i I
I I
l------i
I I

3o I I
-I I

I I 75
-! I
I I
I I

-I I
I------J

-I I

-I ! ;'5
I I
I I
I I

TE%T _. N.A/_E USCS G,R*C_ SytI._OI. COl. O_1
RLStRTS MOISTt_RE CONTLNT RELATIVE (__N_rTy

6°6"b_ " (_ C_£GI_TFN_.y SOIL STRIJCTt.I_E

inl klINF _I.OGy

.Ise(J hoJlo_ _lem C_AYEYSILT (t0YR_,l)_l_w_t_m meal Oam_

_r_ me_

C_Ay[ Y SILT I,_41 I_ a_Vl

::IAYEySILT _4_1 i_¢_ll _nmS_LT

_NT (tOY_ly_4to_ _ov,.n damp no_x_m=c

_,_.TY C4J_Y (10Y_6/1) gllyl_h _,_*e_rno_d

5KTY CLAy (7 5YR4,_61s._= =bo_,_ suo_ brr,,m =_*_kng

_m_ as al_.'v_ umtll37 h_

f parker (3_s)

COM_N_ S

L_LPTH O_ _ L_ILL_ _T E

TIF$I S, ANO IN_T_I_ NTAT_IN

12

24

24

18

14

25

40

00



703 95

JPROJECT NUMBER BORJN43 NUMBER

O =.2,v,.,.. 1--s.o, J .w- 8
SOIL BORING LOG

PROJECT Lo_T,_Ol_'_e,._ Me_Oc_x_ LOCATION Memptvs Te,_s_

ELFVAT_ON 305 15k_¢_MSL (TOC} 305 47 le_ MS¢ £_d)
_LING METr HOO AND FCXJIPMENT USED Hc_ow SleJ'n Au_ ¢ 4 2_ m¢ll_ li3 w_ CME S'=¢_/_

WATER LE_VFL S 80 98 feet BTOC ( 11/7CO I ) START C<J/2Cd'2CO 1 END O°J21,?001 LOGGER

t_EpiH BELOW StpR FAC_E (rT_ STANt_t_RD _ DE SCRIpTK_I

iNTERVAL f_ T)

UECO-,1ERV(%_
¢r_TYp_

!
I

I----I
I
I

40 --i I
I 5o
I
I
I
I

i___l
-I I

I
• 5_ !

I
! so
I
I
I
I

------I
I

5o I
I

-I I Ioo
I

-I I
I
I

I------I
I

SS I
I
| '_00
!

_l I
I

-I i

-i I
I

60 I

I em
I
I
I

.I I
I___J

-I I
i

65--i I
I
I 8o
I
I
I
I

------I
I

m_ !
I

_l I
I

-I I
I
I

4O

DRIL LING C ON3'RACTOR 7n St,at e Tc'sbn9 S_¢_¢es, Irt¢

pENE IRAT_I

T_.I _ _ U_ _J_ SYMBOL COLG_

A[SULIS I,_ISTUtlI- ( Ot_t[NT R_I ATi_lC O[hF.IIy

6" 6"_" 6" OR COt4_STENCy SC_ .¢._pJRE

_NID paleye41ow Fine _,el_,or_J k_o_ 2 5Y8/4

_o =a a_ I_ 41 _ee¢

_b_o_d4<l <t_m_r_ Ioo,_ to f_m reed t,*nd

_NO yelow tO_ _ _lo,_'_ _ _ drt wd _x_

_1n25YE_I1 ven/f_elo f_w wetls_cte_ _d_f b'_x*

CC_M_NTS

DEpT_I Oe- _ _RILL ING NATIE

DRILLING F Lt)ID LC_

"_(SIS, _ INSIF_J_IFNT AI K3_I

00

17

00

00

00

oo

oo



703 96

I P!ROJ1ECT NUMSF.R

160492.SA.03

O CH21VIHILL

__P__ J_CT L _on,__TemlOpeca_<)¢_/_i:_ - Mef'n_ O,ep_

R_.Q,UJmER MW-88

SOIL BORING LOG

_ELEVATION 306 15 leer MSL {TOC) 305 47 fL._l MSL (__l_<J}

r__ ILLli%E; MET}K)O AND FQ4JIPMENT US[ D t Iolow St_n :l_._ 4 25"inch I0 wlo_ CME Sarr _
WA]rFRtEV1ELS 80gSf_tSTOC(tl/20Ol) _rART 00#20t2C01 END _'21t2001

_EpTtl _LOW SURFACE (FTp STANDI.RO

IN IERVAL _.E__

I

I
7s --I I

I
-I I 7s

I
-I I

I
I

------1

I
80_ I

I
I 75
I

-I I
I
I

I------I

I

8_ _; II
I 9O
I
I
I

_1 I
I___J

-I I

90__1 II

I I 7s
-I I

I I
-I I

I I

_I---I
I !

9__1 I
I I

-I I 100
I I

-I I
I I
I I
I------I
I I

Ioo I I
I I 1(;o
I I
I I

I I

0RILLINGCONTRACTOR Tn S4._eTc's_r_Scr'nc_s hnc

LOC-C4ER

P(_ TRATk')_

TF(_T SO1¢NAME USCS C_RC._P_ COILOH
_kJL|S _4K3LSTU_ECON_EN! RELAII_IE D(N$ITY

6" 6* 6- OR COFIC4sIrFN_y _ SIRUC I_J_E

_N_ MINIERN OG,y

>AJN_ ve_ mo_ bgh_gley 25Y 7/2 Iooso¢o f,l_

:',¢_tI_ 97 fee(

S41"td¢_ _ _ mlh _.-k_le t

)OH_ TERMINAT_O U 1025 FLCT BC_S

105 .

110

COMME Nlr$

DFpTH OF _ ORR.LI1_3._TIE

L_I_LLIN G F_.L_IDLC_S

1ESIS, AND _T'R_MENTAT_)N

00

,_mp4e o0l_cf¢_ 1o_VOC4



705 97

PROJ£_ NUMB£R

160492 SA.03

CH2MHILL

so.,.G .U.SER MW-92

SOIL BORING LOG

PROJ(CT

ELEVATION
DRILLINGMETHOD/_'40 FQUIPMIENT USED H<i_ SlemAu_,er4_2"5n-J11D_, CIdE S_mpler
WATERLJEVELS 9615k,etBTOC(llt20_t) START 09'24/2001 £ND 0_J_25,"200t
¢)FJ>D48_LOWSURFACEIf. I) STANOARD

_NTUqVAL(FT_
_COVIERYt%l

i/IrYrIE

LOCATION Mc_J_,rs Tor_c'_see

D.I_ILt I_NG COlOrRACTOR Tr, S__4eT¢_a_J ,S4ynaces,In¢

LOGGER

I
-I I

I 1o_
I
I

-I------I
I
I

s_l I
I

J 1 too
I

4 I
I

I
-I I

1o • I
l I I

1 too
!

I I
! I

I I
! I
I I

15 I I

I 1 10o

I I
-I I

-1---I
! I
! I

I I
I I loo
I !
I !
! I

1----I
! I

-! I
25 ! !

! !
_I I _0o
I I

-I I
I I

-I------I
I I
I I
I I

30--1 I
I I 50
I I

_1 I
I I

-I___!
I I
I I

I !
! !
! I

PTcNb1F,L_TK_N

IE_T

6-6o6o6-
(N) MINFRALOGY

Usodholowszem "Ur_ySILT _,_",_R_0_r_

_ penc_r_ le_
rtts_.dt,*

S_X%NAM£_C_Ot,C'SYlV001. COL(_
WOISrU_ECONTENTRC.LATMED_hF_Iry

OR CONSrSIENC,Y SOIL5TR_It_

_me +sabove_m_ _4_

l_ysltR

;ANOy_t.T _ingbco, l_n?5YR4'6 wwyk,_ _

,_e a__o_e rl_ 2SYR._8

J"7 P_e, (J_CObSp
CCA%eAFN_S

_MEpi'_ OF_rNG O_LIt_ _T[
DRJ_LINGFLUIOLOSS

TESTS,ANDINSTR_M_NIATk')N
C_<led _IO Ippm

oo

oo

oo

oo

oo

oo

oo

oo



703 98

O CH2MHILL

PROJECT NUMBER IEIOP-J_ NUMBER

160492.SA 03 i MW-92

SOIL BORING LOG

_PR_OJECT
ELEVAT_I

t')PJLUNCJ MET F_D AND EC_hPME NT USEO H,olk_ S__m_Au_ 4 _.5 =rich 1Ow_ CME Salt
WATERLEVELS 9675fc_BTOC(11r2_s) START 09r24/2001 FNt) 0_5/2001

_EPTH P_J.OW St_ ACJE(FT) STANi_R[1

NTERVAI (FI_ PtNE IRAI[K_N

r/TYPE _IESULT$

I I
-I------I

I I
I I
I I

40 --I I

I I _o
I I
I I
I I

I---I
-I I

! 0
,=5 --I I

I I

I I
I I
I I

7------I

_I I
I I

SO.I I
I I
I I 100

I I
-I I

I I
I------1

I I
I I

55 I I
I I
I I 9O
I I
I I
I I

-I------J
I I

-I I

60-I I0

-I I

! 0
-! !

-I---I
-I !

! !

65--1 i
! J

I !

! 0
! 0

-I------1

! I

I 0

70 _1 I
I I

_1 I 40
I I
! I
I I

I I

LrJn9 "r0,rmOp'_-,Jt_aJ Noas - _ [_pot LOCATION _s T_

304 41 feet MSL p'OC), 304 78 f_octMSL (._KI) ORILI _G CONTRACTOR Tri_tmn T_-Jan_ Se_._cFs, _,c

6._5._o_-,

SCII. N_ME USCSGROUP SYMOC¢ CCXO_
k_IST_K.,_- CC4_ENT R_L_Ti_E _Ty

_O y,eaow10YR _'_5 k_ I_ Ur_

"l_J I_ll_s_rnClle I0_ _ _yek_w?$Y6_3medtoF_e _la Io_1_

.'_r_ i.. Ibo,.e

yelow_0,_ t0YR _n_ _elso'ttd _ _ d*_

y_ow2 Sy 7_6 fl_l _ _ley I.l_ l,or_d

LOGC,_ R Jay Pa,_ c_ (J,_x],b_ )

CO_LN'r5

LYcpIH C_FCASING _RK LI_* R_TF

(_¢UNG rLUIO ( O$_

ESTS, A_ INSTRUMENT ,e,IION

O0

O0

oo

O0

m
O0

m
O0

O0



?03

_0_ Cl' N UIIISER

160492 SA 03

O CH2MHILL

PRO_CT Lo_ T_ Opemt,o,,al,_,e_ x4_x_s O_pot

ELEVATION 3o441 _MSt (TOC) 3o4 78_M_ (_/o_4)
DRJLL rNG METt_/t,_ E (_JIP_Ni" USED H<_ow S_'_m _ 4 25 If'oh IO wllh (CI_ _T_0;¢_ -

WATER LEVE.LS 96 75 fe¢'_ BTOC ( t I/_001) START 0(Jd24 fZ001 EN_ C_t25/2001

eOmNG NUU_ER MW-92

SOIL BORING LOG

LOCATION Memp4_s T_

_ILLI_G CONTRACTOR Tn S_e Tesbnq __st l'n<.

LOGGER Jay Pa_@r (Jacobs)

_pTH Q_LO_N SUR _ ACIE (F'T)

I
75 I

I
I 75
I

-I !
I

----I
I

-I I
80 I

I
_I I 7_

!
-I I

I
-I------I

I
-I I

85 I
I

I
I
I

-I___1
I
I
I

9°--I I

| 75
-| |

I
|
I

I
|

95_ I
I
I 6o
I
I
I

"l------I
I
I

100 _; I| 55
! !
| I

_| I
| I

-|------I
| I

-1 |

105 --_ il
I |
! |
! |

-| |

-I---I
_! |

| I
11°--I I

I |

ST_CDARO _ L_ SC:R_'_ K_

PlENIE_TI_ |_N

IESf SC4L NAME USCS _ SYMB_¢ C_¢OR

_IEStJ[ T_ MOtTlE CO_lTr NT _IELATi_= O_VCJTY

_**_S'6*_" _ C(_IN'SLSI_NCy SOIL %TR_CrU_E

Us_ hollow s4eIT

_lrm g meth_

te,sul_ >oiM04e_ angc¢_ w_ ._f

N(4(_ 7t _

-_rb_41 Sk0V_ ki_11 I_ qalty s.1_Id v_QVll_g4 ro SANDy .C;ILT Jll _ S k_g/

_LAy p141o_ IO YR 7._ v_r/_[ISt.C

_ay_y _I.T bc_Dh_ I0_6t_ rn_-d S_ rn_1 _lac_bc, dtaJ_p

;/_ND v,tvte 10YR &'1 tr_e kx)s_ 4atOp v414 _¢<ted

_ S._ND _.#.1 _ [o 92 5 t_N_ 5AND _ _ t0YR t_

lamp m _

_ _d 96 I0 98_

V_4 _ 105 S I_ d_ekmr f_ly _l_d _e0r_ t0310 t 0_ S _r44

_lyCJAy _a_ b40_ 10Y1_ _1_ bL_k_ _e_rs _Uff m4_mp_¢,c

C0_IMFNTS

D(:p |H CA" CA_ LN_ D#_IUJ NG RAT1E

DRLLLII_ FLU_ t 0_.<;

IFRTS_ AND b_l_ TI_:I Jta_ N TATN_%I

Samph. colk_ed lot voCs



7G3 100

I CH2MHILL

PROJECT kltMBER |BORING NUMBER

160492.SA 03 J MW-92

SOIL BORING LOG

PROJECT I,_ r__e___Operatm_a_/_eas _M__ e_Oeg_ _ LOC_TIC_ Meres Tenmc_ee

_E_L'_-VATION 3,04 41 feet MSL('TOC),304 7B fC,C_M_S4._ (.Qfoce'=d) DRILLINGCONTRACT_(___ Tn:Sla4eTes_r,g,,Se_,ce_ Ip¢

.D_R_II LING MEIWOD ANO EOUJPME NT USED H.0aow Stem_/_ 4 25 md_ ID w_ CfaE _

WATERLFVFLS 9_/SfeetBTOC 11/2001) START 09'24/7001 ENO 0oJ25/'_X)l LOGGER JayP,_Ckc_(Ja*o_ I

_EpTH _LOW St_F A,C_ (N)

,N'r [RVAL (FT) PC N( T_t.TI_N

•<OF('OVEHY (%_ TEST

rll'Jq'E _ESULTS

6_'_" 6"

I
I
I

-_l_W

115

1;'0_

t25_

130

13b

140 _

S T_,A_'L) _ C_ SCI_PTK_I C,_t,lS,_ h_r S

_C4L FL_ME USCS CROUp $YMBC¢ C(_.OR

M_TIffCF C_ltENT RELAlrV'E OEI_S_Iy

(3_RCON_C_TFNCY SC_I STRUCIr_JFClE

_J_

rio _et_b_ t_ ¸ W_I_iN G li: k_4L_.IE 0 _ t02 5 F[(T _G.'_
ros_

OFpT_ (_ _ O_ ILL _G RATE

_RILLING FL U_) L_

T1ESTS, _ RN¢_TR L,IMIENT A 1K_I



705 I01

PROJIE CT NUMBEH

160492 SA 03

0 CH21VIHILL

DR[[L I_ MFTHOO AND EOUIPME N¥ USED ttdlow Stem Auge¢ 4 25 rod, IO _,_* CME Sam_kw

WATER IF%/FI S _,TART 09,'25.'2001

[_pT_ I_- LOW SU_ ACJE (FI F STM_ARD

RECCrV_y ('_1 I_$I

m_ RIESUt 1S

(Replaced by MW-93B)

SOIL BORING LOG

DRIL LI_<_, CO_WT_CT_ Tn S_ T_t=n_ _I_

I
I I

-I I
I I

-I----t
I I

-I I
5_1 I

1 I
I I loo
I I

-I I
I I

1-----I
I I

-I I

10 --: II

I I 11111

-| I

.! I

I I

I------]

! I

! !

! !

15 --I I

I I 100
1 I

I I

I I

-I---I
_! !

I !
70--1 I

I I
I ! Ico
I I
! I
I I

1------I

I I

-I I

25 __1 I

I I

_1 I 100

! !
-I I

I
I---I

I
-I I

!
30--1 I

-I I
I
I

I---I
I
I
I

35 .__ | 65
I

I

I

END og,'2 7 f2Qg 1 LOGGER Adacn K_,¢_ (J_:cbs)

SOIL DESC_IPTK_N CO%eta( NTS

6" 6" 6" 6"

INt

J_l hoaow s_rn

a_oe_

no peoeo_on _s
I¢-S4_S

SOK t4AM_ USCS(_P $_M_4_. COt._

I_IS'I_E C_/IENT _r_t ATP,/'[ _N_'Y

OI_CONSL_|ENCy ¢,C4L S'IRuc'rtJq_E

t, llNE RN.(),GY

sal

5,d_nd <5'% _-lv_d-lf2*_s_Zt _s,lonmgkn_ _,_an_ 40%

L_PIH (_ _ _ _TIE

(]i_ll.l _ FLUID LOSS

TFSTS, AND IN S |kl_UF k'T ATyJIN

(50# P,,e4,d_)

05

11

01

10

10

00

14

22



?05 102

PROJECT NUMBER

160,192.SA 03

O CH2MHILL

F'ROJ[CT Lon_ T__ _O_atx_ Are_. - Mernphrs De_x_

FL FVATI._N NC_ _ __ _

O_J LL IN G MET HOO AJ_ID EQ4JIPME NT_U SE [) H_'_v Stem Augc__4 25 k',(:h ID w_ CME _

WATER LEVIELS Nol_ START 09/25"2001

_EpTH DELOW SURF AC,£ (F'r) 51ANO,_,tn

I1_1F RVA,I. (F3t) F_N_ T_AT K_*l

_IECC_RY _%) TES[

I/TYP_ RF_tll_

SOIL BORING LOG

LOCATION MemOs 1_,ir_-._

DRILLING C_TOR Tn-St,_4e T_"_ng S_os, l_

I
-I-----#

I
-I I

I
4°--I I

I 65
I
I
I

_! !
!

4s --I I
I

-I I 9o
I

-I I
I

-I------I
I
I

50__ I
I
I 90
I

-! I
I

------!
I
I

__ I
I
| too
I

_1 i
I

-i------I
I
I

60 I
I
I lc0
I
I
I

l---i
!
!

I
-I I 9°

I
-! I

I
----I

I
I

70 I
I

_1 I 90
I

-I I
I

-I----I
I I

END 09_7r7001 LOCGER Ad,_m Karsor (JacObs)

6-6-6" 6-

_ IX_CW $telm

r,6_u11s

SC4L NAME USES GROLI$_ SYI_SE_L COLOR

MOJ%TtJ_ CC_NTFNT _IJ, TME D,E_S, IT_f

OR C(_d_TFh_y SC4L S_T_RE

;.,,,rid _,e(S_e_ comme_ ee_l lra4dl_1i-_l_ 5%1/,I lr? 4*_al,.o*_e

,wd ¢_ reed d_m!_e rno_ ,_g_l;v,iK er_ tanr_e_ I._. de,'_

.ar_J r..d,%_f_h (_se r_,ed dm,-_e n_os4

U_e C_.,_ _ _ rC(AS I* kD 1 1/'2 * Snl.aj g.-e v_ <1/4"

_._,Je_c, el 5%174" it?" la_e_m.el60% {1")

S._,._ i_ me_mm _ml.e dam_lk._dlg*ivel 20_ 30%U4" l"u O

D(pTH OF CJ_IN(; _IILIN(;, RAT1E

IJf_ ILL _ FLUI_ LOSS

T1E(;T S, k.klO _SlIRLI_ N | A I ION

13

14

16

00

oo

lO

14



705 103

i CH21tRHILL

PROJIECTNUIlISER

t 60492 SA.03

SOIL BORING LOG

PROJECT_ --_Lo_ TernO_ Areas _ D'_po( LDCATION K4_ri_p_tsTe_

ELEVATION NO_Apptcat;_ DRJLLINGCON_NACT_OR_Ln__e T_ __S_ IP¢ - -
LV_ILLING MET}KTD/_¢) EQU[PMENT USEO I klow StecnAu_w 4 25 =P_hID _¢h CME Sa_npter
WATER LEV1EL$ START 09,'25/2001 FNO 09/27r200t LOGGER Adam Ka_-w(Jac_b&)

31[pTHE_LOWSLIRFACIE(Flr) SIAN_
NrlERVAL(_] $_-Nkf HA11,n,N

RIECOV_RY(%) TEST
rrrYPE _SUI TS

I I
75 _ I

I I
-I I too
I I

I
I

-I-----I
I
I

8o _l I
I

_1 I 1_X3
I
I
I

-1---1
I

-I I

85; II loo
!
I
!
I

J----I
!

-! I

90--: I|

-! !
! I
! I
! !

-I----I
.! I

! !
95_1 I

-I I
I I
I I
I I
I------!
I I

-I I
.xJ I I

--I I o
_1 I

I
!
I

I------I
I

4 I too
I

6"_* 6"*-6"

(J_d holk_ 51_m

Ormc,_meO_
(k_*p(_rot*txt I1_$1

tesu_$

SC{I._S_HLP lION CO'_ _ S

SOILNAMFUc,C'; C_R_, <;y/dpl'_('{1((;4_
MOCSIL_IECO,;lENT _L_TIV_ DENSITY

ORC(3_STEI_;y _ ";TRUCTLI_E

_t ¢,C,4b'lke10 _0%_at,e_1_ K_1"m_e

t _S 9r_,_

Mor_lr,_l _O%(l*r_to I t/4"}

BEpT',l C_ ¢,J_.CJe_G,f_RIttiN(, R,_TE
(J_ILLIN_ FLt,qOLOSS

T_STS AN()INSTR1Jt4ENTAT_N

12

14

17

04

o$



705 104

i GH21VIHILL

PRO,.I_CT NUMI_ER _ NUtAIBI_R

160492.SA.03 | MW-93B

SOIL BORING LOG

PROJ,ECT Lon_'f'erraOpo_bonad/Veas Mq_p_,esO_pc_ LOCATION M_.,_,,.>,Tonn¢_ee

ELEVAT[C'N 29'103 _ _ (TOC) 2oJ431 fo_t MS_ (_ucm_l) DRH.LINC)CC)NX1RACTORTn S4ateTe'_n<J,Se_,cA.s,h_c _ .
DRILt ING METtIC__AND F(_IIF'I_ENT USED HolkowS_emA__ 4 25 ¢,chID v._hCME S._n__
WATERLEVELS 10245f0e'lBTOC(11rz001) START 0<3r25/2001 END 09t'27r2001 LOGC_R Ad,a:m_,e_._r(JacObs)
[]_pTHE_IELCe_SURFAC_c(n')

RECOVERy{%1
I/IrYPE

I I
-I I
I I

-I I
I I

-I I
I------I

-I I
S _1 I

I I
-I I
I I

-I I
I I

-I I
I------I
I I

I0 I I
I I
I !
I I

_1 I
! I

I---I
I I
I I

15 -I I
I I

-I I
I I
I I
I I

_I---t
I !

20--1 I
I I

-I I
I I

-I I
I I

1 I
I---I

-I I

I I
_1 I
I I
I I
I I

-I I
I----I

-I I
30 I I

" I I
I I
I I

_1 I
I I

-I I
I---I

-I I
I I

3s I I
I I
I I
I I

ST_ s_l 0iE_CRJPI K:_

P[P_'mATK)N

I.¢M S_IL_ USCSE_CVPSYMp.QtCOL(_
RFSUtItS MO/S'F_ COhFIENI RELATIP/[_IEN_I'I_

6"6°6-6 . OR CO_'_JSIFNEy S_NLSTRUCTURF.

INI MINEIC_LC_¥

Used_ ,s/:emRi_lOl_l_lnglog MW93A._,fKale,,olog_,sflomgm_j_,_l_log05 lint

re_.uits

_NIS

_pt_ C_-CA,SING I_ILLJhK_RA'rF
DRLU_ FLUIDLOSS

TEST(I,AN_]IIN_1N'UM[NTAT_h_l

_'Soahea,_s_<e}



705 105 i

PROJIECT NUMBER

160492 SA 03

CH2MHILL

PROJECT LOn9 T_ Oper_Ll_aJ A/e_ M_rnt_ls De_

ELEVATION 294 03 f¢_ MSL (TC'C) 294 31 f_et MSL {grc_nd)

DR1{ LING METHOO AND COUIPM'FNT USE D Hdlow Stem/bJ_ 4 25 inch IO v,_h r.,M_ Sarnl_m._

WATER LEV1ELS I07 45 tLq_l BTOC (11/2(X) 1 START 0"J_ 5,r'z(_ 1 END 0_J/2 ,'_ I

rJ_pTH _OW SU_ = (IT) STNd_ ( )

NTERV/,I (FT) f_ME TRAIt K_N

_COVCRY (%) IE_T

_/T_PE k_SULTS

eom.G .U.B[R MW-93B

SOIL BORING LOG

LOCATION _ T4_

Of_ILLI_IG CONTRACTO_ T n St ai_e T e_ SoneK:e_, b¢

LOL, GER Adam Kmscr (J,lcob_)

SOCL {_[ SCRIPT K]e_ C¢)tRM[ NTS

I I
-I I

I----I
I I
I I

4o -I I
I I

-I I
] I

-I I
_1 I

I___J
-I I

I I
45 -I I

I I
-I I

I I
I I
I I

-I I
I-----I
I I

50_1 I
I I
I I
I I
I I
I I

-I I
I------I

-I I
55 I I

I I
_1 I
I I

_1 I
I I
I I

I I
I I

60 I I
I I

-I I
I I

-I I
I I
I___J
I I
I I

6Sj I
I I

-I I
I I
I I
I I
I I
I------I

-I I
ro I I

I I
_1 I

I I
I I
I I

-I I
|------I

t'l

5OM. NAM_ U_C_G_(_t_ ,'>YIt,_CJ¢ C(X.OR

e.K_ST'o_E CONTENt R_IEt ATIVlE DF_NS_Iy

C_%'S4STE,,_CY _ SI_:UCTUR_F

MCP_ R_LOGy

J_)d hoIG_ _J t,.m ll4et m Io4 bor,n,B _ ll_N 9_ k_ ",_ IlhOl_ born _t)u_d Su_ to 90 5 fl_t

V) por_ b'al_n

tos4J45

:_:PTH OF CAS U_, DRILLING RATF

_FLL_ F{ urO LOSS

TEST<*, _ FN S1Rt ksA[ NT A TK_IN

_ FIT.) (ppm)



705 I06

CH2MHILL

PROJECT NUMBER |BORING NUIItBER

160492.SA.03 [ MW-93B

SOIL BORING LOG

P_ROJFCT .tor_TewmOp_-atzc,,_4_eas Mer_p_s_Ocpo( LOCATION Meml_S, Te_r_
ELEVATION 294 03 feot M__ (T_OC_} _R4 31 _ M_L _g_m¢l} "- - DRILLJN(_'CONTRACTOR Ta_,de T_ _, r_¢
_ORILLh_K_METHCO AND LOUIPMF NT USFD H,:_owS_m Auger 4 2"5inchID v_t_CME Samo_r
WATERLEVEt.S 10Y4_fcetBICC(11/2COl_ START OSt25,r2001 ENO _V'27t'2001 LOC,G4ER Ad_mKe_er_Ja<_bsl
XPTH BJELOW_ _ (F1) sir/_NI_RD

N]ERV/_. (FT) Pk_ IR*.TK_N

H_( ()V_HY(%1 TEST
r/prpE RESUITS

6-45-_-j_.

I !
7S --I I

! !
I I
! I

"l I
I I
] I
I------I

-I I
80__1 I

I I
.I I
I I
I I
! I
I I
I------I
I I

e5 I I
I I
I I
I I

_1 I
I
I

I____1
I
I

I 85
-I I

I
-I I

I
I

I------I
I

g5__1 I
I

-I I 7s
I
I
I

-I I
I----!

I
10o_ I

I
I 9o
I
I
I

-I I
I----I
I I

io5 1 II

I I Ioo
-! !

! I
-! I
! !
|___|

_! !
! I

110--1 I
I I
i i

SOILOIESC_IPTI_4

,_OILNN_ USCSGRC_UPS_8_L C(_.O_
luK_STURL=CONTENTk_EtJ_TMEDEN_1¥

(_RC_NS_ST1Et_.ySC_LSTRUCTt._IE

Usc<Jhoak_ _om R_losoStc==nglog _ 93_k_lkUc_o_w_lromgmur_ S_KeI_90$k_I
au9_

too _lVl4 10 tO 15%

;*lve_ Sa_ mo_g_a_ _0%._ro I*mo_

CC_MFNIS

_EpT)¢ Or- CA_Aj_ ;, _lt t I_V*= _IE

DRILLINGFLULDt O_S

tF_I_ ANOIqSIRUtll NIAIICN

Wm

S_ colk_led I_ VOCs

S,a,nqderJolec,e_ fo_10C

O9

O?

12



705 [07

PROJ_CT NUMBER

160492 SA 03
CH2MHILL

PI_OJF_ C.1 Lon_ l"e__m_Ope_ltJonal ,_'e_ M_ De_4 _

FL£VAT_ON ,:'_ o3 f_e_ MSL {TOC) 294 3_ _e_ _L__)

DRM IING ktFX HOD ANO EC_JIIP_MIENT USED H<_¢_ Slem A_ 4 25 net} ID w_h CME _

WATFH I FVELS I02 45 Lo_t BTOC START (_r2 _2_X) I £ND 0(J,_ 7r2001

SOR_ NUUeER MW-93B

SOIL BORING LOG

LOCATION M_,,,_,) Tu_n_¢_

DRILLi_IG CONTRACTOR Tr_l_u Tq_'_ _s _

_hnrsDiEp|H B,[ L(_ _F_ {,_ I)

WiT RV_. (F3r)

ECOVCRY (%)

wRYPIE

-!
ill

115 --

120

125

130_

135

14Q m

p'r_lE IRA| KJ_

IFST S_L NAME US,CS GRO_ SY'M_CI. C(3_C_

Rc_TS I,_TIJRL CC_tIENT _'EIATIVE I_ENSITY

6, 6" 6°_ *' CIR CON_JSTENCy SO_. _ I RU_ IUCCF

aug_

_a_ng

/

r_suJ13 _ ; £ F_JINATt O _ 1135 FEI:I HCf%

S(]_ I_F _,RIp TK)N

I_-p 1)40_ c C_G O_]l.t.l_ I_lrlE

DRPJ.ING FI.I_ I O_F,5

l_br_; AND _N'_'r_uI/JENTAtK_N



705 108

I I
-I I

I I 100
-I I
I I
I------I
I I
I I

S_.l I
I I

-I I lo(}
I I
I I
I I

I I
I I

I
I0 _ I

I I 100
I I

_1 I
I I

-I___J
I I

-I I
I I

15 --I I
I I Eo

-I I
I I
I I

-:---I
_! !
! !

I !
I I 1co
! I
! I
! I

-I---I
! !

-! !
25 ! !

! !
.I I Io0

I I
-! I
I I
I------I
I I

-I I
30 I I

-I I
I I 80

1 I
I I
I I

-I___1
I I

-I I
I I

35 I I 65I I
I I
I I

Sl'ty C4A¥ ,_l_ b,_ 7 5Y_,L'IS moc_ s,j_

_5Y_71t _

_t ind N_dd_._yeiow 7 5 y_ r_ _V36"

O0

I

O0

O0

O0

O0

I

O0

O0



705 I09

PRO,,IE CT NUMBER IBOR_IG NUMBER

O CH2MHILL 160492.SA.03 MW-94
%

SOIL BORING LOG

PROJFCT tongTermOp,eeabonalAree_ _DL__ LOCATION _ Tonoe-_.e_

ELEVATION 286 94 feet MC*L {TC_), 296 95 _et MSt (gr°un d_ .

DRILLI_ METHOD ANO EC_J1PMEN_r USED _ S_m Auge¢ 4 2,5 _ IO w__ C_ME Sa_m__
WATERIFVELS 10107fo,etBTOC(11/'2_Ot) START 0°J25/2001 ENO 08tz7rz00t LOGC,4=R

XcPTH __LOW SLJl_r ACI: IFT) S1ANOAI_) SOIl rJirSc_ f ION

NIF RV/_L___

.U:COVtRY _1
IRyptE

I I
I------I
I I

-I I
I I

I I 6O
-I I

I I
I I

i---I
! !

! !

45 I I
I I
I I 5o

I !
I !
I I

-I------I
I I
I i

_o I I
I !

.I I loo

I I
-I I

I I
-I------I

I I
I i

--I I

_1 I 10o
I I

_1 I
I I

4------I
I I

-I I

6o I I
I I

I I go
I I
I I
I I

F--I
! I
I !

65M !

! I

! I

-! !
I !

I------I
! I
! I

70 I I
"-I I

I I 6S
I I
I I
I I

-I------I
I I

DRIL LING CONTR.ACTC_R T n SaJle Te'_m<J S,¢'_'¢e_11n¢

L_yparker (Jacob,)

prcJ4E_I_.ATI_N

'rEST c,Oil _ USC%GRO_M=SYMBC4. COLO_

R_SULTS MOISIURE C.C,NI[NT RFLATIVE D(EI_oJ'rY

(_'_'4l'_ _ OR COLN_SIENCY _ 51rRtX'T_E

_NI _=NH_._LOGV

Us¢_ ttolow r,_m

auq_

_<)pc_et_ atlon te_
resul_

_d_NO_ abov_ r_d_=hyvlbw ;$YR 1_ _ "_yloo_

_mx_s i _i_/_y _ 75YIt 4/6 dnl Ioote

p_tc_ts a¢5t [o 5_ f_q

r_a_l'_ SA,s_ _above yei0w TOYR7_5 m_i0o_ne I_e_ 40%

C._av_ SANO ,'J_ng b=o_m7 5YR _ CoNte _ _ _'_4_x

)FpTH or C.J_rN(, 0.RtLLING _F

DRILLING F_ tJIDLOS_

I 'iTSTS rAE¢Og,4STRU MINT ATK_N
Cax,,,_J_ riO (F_m)

00

00

00

00

00

00

00



705 II0

t CH2MHILL

P'ROJCCT NUM8ER IBORIMGNt._I_BER

160.492.SA 03 I MW-94

SOIL BORING LOG

PROJFCT LongTemlO_i_ee-_Ar_,_s M_l__l_,po_ LOCATION M_ T_
FLEVATI_N 2_6 94 f_ MSL _TCC)_g6 _ f_,l 1_4SL_._c_nd) _RILLLNGCO_TRACTOR Tr_tdle 'r¢_ _, _n¢
D_ILL__METHOOANDEQUIPI_NTUSED H_ow S_emAu_;'5 inchrDw_h CMF Sam_
WATER LEVELS 11/20_1) SIART 09/25_001 END 09,'27/2COI

;)o_I_i p_cLOWSURFACE(FT) SIANOARD SOl. D_SC_'IpTK_4

N1LRV_ _"_).--_--b PI-METRATIOe_

ReCOVERy_) I_SV
_fYP¢ REbUtIS

I I
7s --I I

I I
-I I so
I I

-I I
I I
I----I
I I

-I I
so _1 I

I I
I I 9o
! I

-I I
I I

-I----I
I I

-I I
8s I I

I I
I I 1(',o
I I

_1 I
I I
I___J
I I

-I I

I I

I I I_o
-I I
I I

-I I
I I

-I----I
I I
I I

_5--1 I
I I

- I I 75
I I

-! I
I i
i------I
I I
I !

1oo I I
--I I 65
_1 I

I I
_1 I
I I
I------I
I I

-I I

Io,_ I I
- I I 75

I I
-I I
I I

-I I

! !
! !

11°--I I
I I lOO
i i

Use_hoguws_em

c_lmq rr_l_o_

SOiLNAMEUSC_ GROUPSYkI_CILCO¢OIR
MOI%IURI[C(}i_ri'ENl"_L_%_ _EI_|y

OIRCONSL_TENCySO_{¢)IRUCT'_tE

_RyC_y bro_lyllow 10Y'R6/SpQII,_1114tf_ d,lr_kor_'_ I°_

essg._ty _ p:_,41,_2 SY_ _ we,lscet_KII,_ dry

LOGGER J_ Pa,tk_ (_)
_N_rS

UIEpIH (_ _ 0,RILLIE,RAIE
{_Jti INGF1.UIOLCF-_S

TEST'_rANOINSTRU_ Nlk'r¢_l

Sam@__ Im VOCs

oo

oo

oo

oo

oo

oo

oo



705 IXl

CH2JVlHILL

PRO_CT NUIM_IER ISOmNGNUMBER

160492.SA.03 I MW-94

SOIL BORING LOG

PRO jEC T . Lon9 Torm C_L_a_oct_ AI r _-_ M_

ELEVATION 296 94 fe_ M_ {i OC }, ;_6 95 lee4 MSL (_qm,_d)

DRilLtNGMETHODANDE{_JJPMENTUSED H_.//owS_emAu_425mchlD_hC_lE_ .

WATERL_%I:LS 1070rfe_BIOC(ttr2C_l) START 09_Sr_O1 ENJD 09_/r2c01

;_PTH E_LOW S UR_/_CE [Flr)

NTERVAL [rl)

_ECO_RY t_}

r/TYi_E

I
-I
I

-I---I
I
I

tlb I
-I too
_I

I

_I

I

120

IZS_

130_

135_

140

LOC*AT_ f_ Tc_rme_s_e

DRIL L I_N_ CC_I TR/_C TO R T n _tat e T e_1_ Set'_c_s, In¢

LO_4E R r P3t_r ( J_o3bs]

S _AN_,_RD _ D£SC_iPTK_I

p[N_ TRAT1C_

tFST SC4L NA_E USC._ GROUP S'_J8(_. CO_.C)1¢

_IESULTS MOtS_ CO_ITENT RIEL_TIV_ (_FNS['rI"

6" _" 6" OR CONS_T[i'_;y 5(_ S TRUSt URF

a_

n_ pone_zd]o_ t_s_ C4ay _'_ a _¢,_

BO,_ N G TE F_IINA 1[- [3 (_ t18 I _ f _;S

; [_cPTH GI" CA_%INC, DIRILLIh_, RATE

DRILL IN_, FLUIO LO ,%,S

TIE S I_S, AND II_ TN I J_ N TAT _N

r_ F4oippl



705 112

O CH2MHILL

PROJLIECT N4JMSER I_ NUMBER

160492.SA.03 1 MW-96

SOIL BORING LOG

I_ROJE_CT LOI__TemlOpe_ahonalAteas-M£_.De,po4 LOC_TK_N _ TpJr,a,e_e

[_LEVATION 289021eeIMSL(T(X;_,2__967f_M_>I_(fFO¢_ _ . DRIIIINGCON_RACTOR TriS_atoTest_cjS_s_cPs InC
ORILLIN_GMFTHOO ANO EG_IIPgJENT_USFD __ Slmf,nAUg_ 4 25 mcJ_I0 w,Vll CME _n_k _
WATERLEVFtS 8302teelBTOC(llt2(X)l) START 1_7r2001 ENf) G<Jl2Ea2001 LOGGER

I_V_I BELOWSU_Fi_CC11-i'_ 5fAt_ARO SOILI_Fe,CRIpTX)N
IN1ERVAL(e-r) P(N( TRAT_

I_COV1ERY(%) TEST
;_YPE RF_i_'rS

I
I

| tOO
-I !

I
-I------I

I
I

5. I
I

I I 75
I I
I I
I I

-I------i
I I

-I I

to --I II

I I _0o
I !
! I
I !

-I----|
I I

-I I
! I

15 I I

I I 75
I I
I I
I I

_! I
I !

20--I I
I

-I 1 too
I

-I I
!

-I------I
I
I

2__ I
I

.I I _5
I

-I I
I

-I------,I
I

-I !

3o I
I
1 5O
I
I
I

f------I
I

I I

35 --I I
I _o

I I
I I
I I

COMk_NI$

INl

Jsodh_low s_em
at,gee

anl,r_qrrml_
ro _e_abon tits

r_

SG_I_NAt._USCSG,ROUpSYMSCXCOtGt,_
I./C4STU/_CONTENTREU_IlVEOCN_TY

GIRCC_SISTEt_..yF,Oll bTI_UCIUI:_
t.mNFR_.(_;,y

_m,leis I_o_ ro 13$
t_fd_bco,.m25YR414w_II I_f_tt_._Jhtx(_,_m,_'0_.l_ k0Of_RP,O

>IL|YSANDk_ r(id 25Y1_ _ 11:o141'_o4J_vl_t

C_LAydee,J41,k;a_ell_I_ i lhfl la_y _I _/_N_)
C_AY_

OFpT_ ¢,_(_ING 131RI.Lli_RATF

IESI$ I ANOB4STI_,_M_NTATK_N

oo

oo

oo

m

oo

oo

oo

oo

oo



705 I13

O CH2MHILL

PROJECT NIJMSER

160492.SA 03 UNG NUM'BER MW-96

SOIL BORING LOG

PROJECT

ELEVATION
DRILLING _LE-FNG o AND E(_JIPI_E NTr USED

WATER LEVFI S 83 02 IL'_ BTOC (11r2c_1 START

NTERV.'4. (rz) pENt f"_,._V=e_

RFCOVFRy (%1 TEST
;/IYI_ RIE$_.T$

I I

I I
-f I

I
j40 I

I tOO
-I !

I
!

-F--I
-I !

!
45 !

I
! t00

I
-! I

I

I------1
!
!

5O I

!

I
I
!

1------|

!

-I I
55 I

!

!

I
I

I

-1 I

60-: II

I I
I !

-I I

4---I
.! I
! !

! !
I I 75

I I
-I I

I I
-I------I

I I
-I !

70__I I
I I

_I 1 1oo

I I
I l
I i

-l------(
I I

L_o'_JT_,_,T_r_"o== _ __
28902k,etMSL(_OC}28_967._ezM__L_ou,_) __

L0_TION M_mlphi_ Tet_n@_____eo

DRILL_ CONTRACTOR Tn State_T_s1,r_ i 5erv_, Inc

LOGGER

_ S.C.RIPfK_N

H<:=t:_ S4_r. Auger 4 25 =_ch ID wlttt CM_E_S_r_e_
09r27r2001 -- END 0908/2_01

6" 6"6"b"

L_ed t_o_ow s_m

pm_ b_lboq f¢_1
io_ur_$

I,I_(STL.K_IECONI I:N 1. _IEU_TN[ _NSITY

CON<JS_N_y _ 3IRUCTURF

MG*4_R_LOGy

G*a_yS,cd_D s_n_bro_, 7 5YR _/8 f_emme_m_

Fi_l loll11 rn¢_ll
y_loul IOY_ 7/1__ loolm d_r_ tOdl_

"L._ymsatx_l Io 54 5

V_ _ND al62 _ 62 5 f_ll

;ame as abm_. wee som_ b'_ zr_erbodd_<JO, ay'; v_ty _,_rse sand a_r_
_ _ea 9r_s

SANC pa_y_4_ 2 5y e_7 k_ zo_n_ dr/

CC4_[ NTS

f_EpT_ (_ C._SIN_ DRILLING RAIIE

{_RILl.0NG FLtnO t O_5

'RESTS,AN_ IN_ THLJ_ NTATt_

00

00

00

O0



703 If4

O CH2MHILL

PROJECT NUMBER iBORING NtJtlBER

Ir_)492.SA 03 I MW-96

SOIL BORING LOG

P_OJECT Lon_TenmOp_atKx_a/A/e_ M_T_sOepc4 __ LOCATION .Me_n_ Tt_ce

FLEVATION ;_8_02feetM._ (TOC),.28967fe_MSL(_) , ORII LING CONTRACTOR Tr_S_T_Servce_S, lr_c
ORILLIt_3MF 1HOOANO E_JIPM[ NT USED HonowS_emA_x;e_4 25 i_ch tD w_hCMC Samp4_
WATERLEV}:IS 8302tCelRTOC 11/2001) START 09r27/2001 ENID G_t?8/2001

_EPTH_t C_NSLIRrACF(FT) $1ANDARID SOl__cSC_Lt_TK3N
NTLRVAL_i"] F_CNETIRATX_t_

FC(COV_Hy (%1 T_ST
lJ,q'rPF RIE<;t)i I$

I I

I I
-I I e5
I I
I I
I I

I I
-I f

eo_! I
I I
I I loo
I I

-! I
I I

-I---I
I I

-I I

I I
I I _o
I I

_l !
I I
I___J
I I

-I I
I

9o__ i

! i NI
! !
! !
! I
! !

-I-----i
_l !

! !
95._1 !

! !

I !
-! !
! !

1----I
! !

-! i
Ioo I l

f I _oo
! !
! i
! !
! I

lO5

11o

us_,_h_l_ _

t_11$

SOILNAMEUSCSGRO_JpSYM_OtCOL(_
1_(_4C;TU_II:CON_ENTRFLAIWI:D(p4_,II'I+

ORCON_JSTE_CY_t 3TI_UCTt_RF

_me _ abo,,e

_OH_ TIE_LNAIF [} (_ 10) F_l-I _

LOGGFR J_ p_rf_r {_)
COMMCNT5

DEPTH(_-C+ASIP,__RICLrt_, _T(
_ILLJ_ _ U_) L_

T[STS, ANt'; IKN R 11_ _IME NTATI(_N

c_,_ _ _,_

Sa.rl_¢_.qCO,li0_0_for TCC

S_ colec_e__ VOCs

978_T_"



703 I15

IPROJ_CT NUMBER BOR_IG _R

O c.=,.H,.L J .w-,7
ql_ SOIL BORING LOG

PROJVCT Lo_J T e_m Opera,on al Neas Mec_us Dep04

__ELEVATION 29? 44 fc_ MSL _I'OC _, _7 70 feet MSL (_l¢ound__ __
Of_ll t ING METHOO AND FG4JIPMENT USED Hol,r>wSt om Au,_ 4 2_ _c_ ID w,th CMF Sa,mp___

_NATFRIFV1Et._ 10125fc_BTOC(I1F2001) START 10,'0_t2001 FNO 10_3/'_O1 LOGC, FR

_pTH BELOW SLIEAC_ (FTI

s_E RVAL (FT)

I/tYPE

L(_..ATION k4_.,_=. T_see

['k_lt LING CONTRACTOR "lrn.SLateT_ S_'rvlC_'s IP,C

STANOARID SOIL DESCRIP II(_N

TIESr _ _V_MF _F>CSG_OKJP %'_I_B(_. C_.O_

_-SULTS MOl'_TtJ_[ CONTENT f_IELATI_ OLN_IIY

6°_+_ ° _" O_ CO_4ST[NCY 5_t <;TRt_TUI_

I _P='
I I Lk_odholk_'rn _ySIL! _ dry _1

=ug_
I 100 _,_ me_
I re _on _es
I result

-I------I _-T l_oe_
!

-I I
5_1 I

I
-I I 100

I
-I I

I

I
-I I

I
10 --I I

I 100
I
I
I

-I__--I
| ;iLX b_n

I
I

15 I

I I
I
I

I I

_1 I
I

20--I I
I

-I I 10o

-I I
I

-I------I
I

-I I
I
I

_1 I
I

J I
I

-I------I
I

-I I
I

--I I
I
I
I
I

-I------I
I
I
I

25

_NT(;

100

7O

I 7O
I
I
I

30

_LT t=o_,

91.T bru,_

_ 5_% i,?" to 2=

O'[p IN OF ('.kS ItS; _L J_(_ RAT1:

DRII [ ING rLUiO LC_S

_IESTS AND IN_TR UMFNTAT_ON

c= ,_,.=_ rm L=,p,_)
(304J h,e "* %'" -._

O0

O0

O0

I+I

I+2

24

11

2S



705 116

I CH2MHILL

PRO J_ECT NUMBER |BORZN G NUMB4_R

160492 SA 03 J MW-97

SOIL BORING LOG

PRO3F_CT Lo_, T__e_Op_=etlOe_/ve++s Mer'_sOepot LOCATI(_I__Mew_S Te_ne_¢.+_

ELEVATION 2_r441oot _M_._ _roc) _7 70f4+PIM+_. L_'OIJ_ ) -- DRILL_I4_CO'P_rI_rOR Te_P>LtlmT_b_._I_*_OS I+_

ORtt t rN'G MI_THOD _ EOUt____K_ USED I_ S_m/_9_ 4 75 ,rich ID _ll_ CME S.an_,

WATERIEVELS 101251eelB'i'OC(ltr2001) 5TART 10,_lr200t END 16,_33r2001 .... LOGGER A_mKmse_(Ja<:Ot_.s)--

_PTH _Li_t SUI_-A,C E (Fir) S | AMI)+&_ID

NT[RVAL (l_T) p[ NI- TRA1 ION

RECOV_mtYp4) +_V
r/T "_ F_SU4.TS

I I
-I------I U,_,+ h<_o+ mm
I I me

-I I
I I

40"I I
I I 70

1 I
I I

-I I

-! I
I !

45 I I
I I

-I 1 95
I I
I I
I I

-I------1
I I
I I

50 I I
I I

-I I 9s
I I

-I I
I I

I------I
I I
I I

m I I
--I I

.I I m
I I

_I I
I I

-I------I
I I

-I I
I I

eo I I

I I 95
-I I
I I

-I I

-l-hi
-! !
! !

I I

I I
-I I
I I

-I----I
_I I
I I

7o _ I I
I I

_1 I 1_)
I I

-I I
I I

-I------I
I I

SCI. OWE_,('J( _ r tON

5014. N_IE USCS GROIJ_ SWa_OI. C_OR

RiK3fSTUR[ CONtI-NI R[L,t, TIViE (_N_JIy

C_ COIdSJsIrlENCy _ STRUC_

C.OM_ _5

[IFPTH OF _ ORlt l k%y:;I_AIE

1)¢_ILL PN,GF+. U II) LOS_

T[STS, AN_ II_t_ TI+_i,¢E N TAT _

co,,,,<_ F_Otpp_I

dvdkng n+*otlmml S*%+_D m_<_u_ r_ed_r,+ kx_,e _._ r_o gr_,+l

r_o pelriel Q_on 10*+4

r¢-+uPts

:,._mllt+dx+_+ med_nl_Ll,_;_,dd, m_<S%!m_llg=,l,,_ tl4 _

>II.Ty S._++,ID L_.,+ed hrm d,att_o

6" C_ AY, ,_iylr I_ $1dl

r_d_l_+_ln mid t;n,_ nm_d dett+e

S,ANI ) m,eO.um to _ tF _m_e_

_ANU ce.d Co_r_t _

7+ CL_Y +J_

41

07

20

21

O2

111

20



705 If7

IPROJJECTNUMBER BORING NUMBER

O C.2MH,LL 1 ,2s,.03 J MW-,7

PROJECT Lon9Ten_ _/u,.as M_
ELEVATK)N 297 44 fi_t MSL_(_OC), 297 70k_ MSL (_)
DRilLINGMETHODAN_FOUIPMENTUSIED Hoa_Ste_Aug_4?SmchlD_thCMESampl_ __m_
WATERLEV1EtS 105251oetBTOC(11/2001) START 10t01/2CO1 END 1_0_¢2CO1

_tEpIrHB_LOWSUR*CACE(IT)

_tFRV*L _1
RI[COV_RY (%}

InYpI[

SOIL BORING LOG

LOCATION Memp_, T_

D4_IL( INC.C(I#_TRACTOR Tn StateTesbngSenates, h_c

LOGGFR Act_n K_¢_ (3acobs)

I I
7_ --1 I

I I
-I I 95

I I
I I
I I
I----I
I I

-I I
8o I I

1 I
I I lc_
I I
I I
I I

-I-----I
I I
I I
I I

e_ -I I
I I 10¢

-I I
I I
I I
I___1
I I

-I I
I I

I I 95
I I
I I

-I I
I I

-I-----1
_1 I

I I
95 I I

I I
I I lOO
I I
I !
i I

-I------I
I I
I I

100 ___ I

! !
-! I

I I
! !

-|------I
I !

-! I

los --I II

-I I
I !

-! I

I---I
-I I

I !
11o -I I

I I so

sirAtaDARO SOILL_SCRJPT_N

_YCt_CTRAT[_

TF<IT _ NAMe USCSC,#_C_PSYI¢_OI.COI._
RESt_.TS _Ls'n_RI: C(_IT[NT I_LAII'VE_@Ty

6-6- _,_-- OR C(_I_JSIEN(.y RC_LST_:UCT1,J_IE

)S¢_ h0gOWstem _ND g_ Im I_ _mo

d_ng memo0
:no i:*onotrabont_

tosul_

• C_Ay t_m °

_ g_rt in4 _d nn_ _c,_ ¢'ar_p

r"51 'e,"¢.tJW,ul_ I,,m,die,p, p_c

COMM_t_nS

DIp TPICA:C_SIt_ _ILL INGR_T(
DRILLINGFLUIDLOSS

IESTS Ate3 INSTRUMIENTATK_N

RANO_<_ fl_ rn_ der_ _ s_ne_l

0"_4tTYCLAy_¢*t _

L_klO_ r_ m_J_t4 damp

oo

1]

23

11

_m_ oc41o_e_ tm VOCs

Sorei:_eco1¢_c¢od1o_TCC



705 I18

PRO,_CT NUMBER

160492.SA.03
O CH2MHILL

_PR_O_ct _Lor_t_m O_on_ _e_ M_ I_P_
_ELE_VA'_ION ;'97 ,M _e_ MS4. (TOC), 297 70 _t MS_ _t_ _x_ I

eo.r_m, NUUSER MW-97

SOIL BORING LOG

LOCATIC_I Me.IRes Tq_'z'*_s¢_

DRIII IN_, METHOO AND E(_JIPMENT USFD Hollow Stern Aug_ 4 25 mct_ I_ _ CME ,_

WAT(_RLEV1ELS 1012bfee4BTOC(llF2001) START 10_01.'2001 END 10_03/2001 "---

Df_PTH Q_LOW _t K*,Zf:ACIE (F T] SCAt _ .%CJCCPT_

R1ECO'.qERy (%)

wTYP_

I
-I

-I---I

-I

115

75

_1

I____J

I?o

Ioo

-I

_!
!
I

130_

135 __

140 --

LC_GER Adam Kaz_'t (_)

COMI_FN7 SSTANDARD

P_ NF TRAT K_N

TIEST S(_L_tAM_ U<_C_ G_C_IP S_'Ii._OL. COLOR

RE_ULT_ M_T_F C04_TT:_'T RELAT]_/E _IEI4SIT_f

_'-6"_'_ _ OR C_x_SJS_NCY SO_ $1RU_TI,_E

Js_J h_ow stem

_ p_ll_fxohon Io_ _ND _ ml_a_m. I:_J_ll_d
r P_u,l$

p.,C_ I p_; IF _t&INA _IED _ 123 r_rT _('_t _

O_lJ. IN G FLUID LOSS

TESTS, ANO _rs'rIR'UM_ N TAT K_



,. 703

PROJECT h_ MSER

160492 SA.03

O CH2MHILL

PROJECT - t on_ Term Opet _,x_,_ AIp,_ - Mem_ De$x_

ELEVAT10N 29443 feel MS_ .__C__._._I 93 feet _ ((Found} . .

[_Jl [ING ME THOO AN_ F_.qPMEN1 USED Holow Stem Au_ 4 25 rch 10 w_ C,ME Sam_e_

WATtRtEV1ELS 10200fe, etBlOC(ll/2001) START 10_1/7_1 END 1G/05._2C01

DEpIr H _LOW _ Jl_:_E (_

[NT[RVAL _F1)

I

I
-I I

I Ioo
|
I

-I----I
I
I

5_ I
I

-I I _oo
I

-I I
!

1-----!
I
I

lo --: II

I I loo
-I I

I I
I I

-I_- -!
I I
I I

15 -: II

I I _oo
I !
1 I

-I I
I I
I----I
I I
I I

2o--I I
I I

-I I ic_
I I
! I
I I

1------I
I I

1 I
25_1 I

I I
_1 I IOO
I I
I !
I !

I I
-I I
I I

30--1 I
! I too
I I

.I I
I I

-i-----J
I I

-I I

I
-!

eoe_G _U_E. MW-98

SOIL BORING LOG

DRILL_. CONTRACTOR Tn Szate T _¢_nKj S,_, ln¢

LOGGER

I ioo
I
!
I

S 1AtttJARO _ _SC_IP ZK_I

pI[ N_[ |RATION

TLS! SC_ NAME (J_CS GRCtJ_SYMIBOI CO_C]_

RFRIF.TS MOI_TU_:E CONTENT RIELAT/VlE _NSIP¢

6"_S'_'_* OR CONSISTENCY S<_t $1RUCTtJ_F

_NI U,_R*LOGY

LP_XI holk)w stem _l_y _¢1 <b<t m_c_h br_m 5_ 4rR me_ s_l _

dr_ng r_- _c

r,o pon_-a r_o_ I_
r_

Rm_eas_o_l w_k:s._u_a.ed _rs_ss_by_05

kk_e Ml_y J _ S

$41y SAND ssrm,g beo_n 7 $_4 5/g _ fmeta_ loose,okra

Jay p,_tet (J_cobs)

COMM_NIr S

0_pT)4 or CA_B_v_ ORILLCN(, RAIE

CHILLING FI UiD LOSS

TIF<;T<_ A_O IhrSTRU_NTAIr_N

¢_ rid (p_

O0

O5

O0

/Vevs_al u.d ,_1 may be due tc

_¢_q _e hyd_ 3hi $ ta*J WC_L,,k

00

00

Natt_r a_oea43 to _ nm_clg doa¢

oo

00

00



705 120

PROJECT N U III_4E R

169492.SA.03
CH2MHILL

PROJECT [ o.9 TenmC_era_ Ale._ Wernp_mOep__._
ELEVATION 294 43 feelMSL (_0(_)__2__93 fee't_MSL(_}
DRILLINGMETHOD AND F(_IPMENT USED HcaowStem_,__ 4 25 m_c_ID w_hCME _ _
WATFRIEVELS 10200fc_BTOC I$r2001) START 10/01/2001 END 10/05/2001
EPTH P_OW SURFAC]E(rTI ST_

INI _LRVAL(_r) P_NI:IRAT_

_lECOVF R'( (%1 'rEST

a,'_'PIE RESULTS

leo.,.G.uu_. MW-98

SOIL BORING LOG

LOCATION MO_ Te_ne,_ee

. DRfLLI_IG_CONTRJ_CTO'_ Tn_L_teTe,_tlng_,.Selr_ces tnc

I
I---I

I
: -I I
I I
;40 --I I

I 75
I
I
I

_! !
!

4_ --I I
I

-I I 5s
I

-I I
I

-I------I
I
I

5o I
I

-I I 5o
I

-I I
I

-I------I
I
I

55 I
I

_I I 7o
I I
I I
I I

-I------I
I I

-I I
I I

I I C_
I I
I I

-I I

:---I
-! I
! !

65-1 I
! !

-I I 80
! I
I I
I I

-I----I
_1 I

I I
7o I I

I I
I 9o
I
I
I

-I----I
I

LOGGF R Jay Pi,_ _J_ot_)

DIE SCR LPTION COMMLNT S

6"-6" 6"_"

IN1

U s4_<t ho0ow slem

a_

_o pe_a_on _s

SOILN_dE U_('SGRO_P _YMR<_ COLON

NK)ISrkJ_ CO_tIENT R(LATIVE _(NSrTY

(_ CCI_ISaSTEI_y SOIL STTtU_TtJRF

_43 SA.NDtld ZbYR,U8 f_u_'om,,_ _lokm

_avwly.RANO (e_25YR4/_ _rmtok_ rnld_lvld_o2" _ocrr,_ld

_ANO.eth pe_ies n_cP.h y_qo_ 75YR 6_S _ _

(_pTTI (_ CASING L_t ll.LI NG RAI_

_Rfl L_G FLUIO LOSS

OS

16

10

pel_ly SAND _,dd_J_ y_k_l 75Y_ 6,1_ _ meetotml _ p_I_I

_NO _4_ongbrueen 7_fR _6 vl)rf 0_4_1_ Im_ _1_ p,eblbko_ _ nno_

IG% k,e ,,__dVpe_e/_

S,ll_d e$ w,r t at t_ t_A beL_e Cr,

11

I0

O2

O6



703 121

PROJECT NUMBER

160492.SA.03

CH2MHILL
"qm"

PROJECT lO,,g Te__ OWato*_ Aaeas - _ D,..pol _ .

EL FVATKDH 294 43 toet MSL {TC_), 294 93 fc_t MS4..__ound)

DRIL LING ME THO0 ANO ECAJIPMEN7 USE O Hdk_ _em _A_J_o_ 4 25 rch "ID w_h CM£ Saf_

WATERLEVELS 10200ie81BTOC(tl/'_C_l) NTART 1(_01F200'_ EN{) I(_QS/P(X)I

_FPTH _! OW SIJR_ACE (rl] S! _Rt )

N TERVAL (HI F"[ b_ TRAT _

,_COVERY (%1 !ES!
_ N[SUITS

SOIL BORING LOG

LOCATION k(el_.S Toruw_._

0 RIt LI%'G CO NX RAC T O'R T,'i_a_e T e_9 Se_,>___ _s, In_

LOGGER

I
75 --I I

I
I ,)o
I
I
I

-I----I
!
I

80_ I
I
I 9o
I

-I I
I

I
-I I

I
I t0o
I
I
I

I
I I

I
9°-i I

I 1 ico
I I
I I
I I
I I
I-----I

_1 I
I I

9s J I
I I

-I I 10o
I I

-I I
I I
I-----!
I I
I I

ioo I I
-I I 9o

I I
I I

_1 I
I I
I-----I
I I
I I

io5 I I
-! I o

I I
I I
I I

-I I

!
! I

11°--I I
I 45

6- 6o 6" 6 -

INI

Used h_llow sk-'¢¢

emao,grr_tm:4
rio i.,e'ne _al,on t(_!

SC_ N.N_F IJ_CS GAOUP SYMBOL COLOR.

MOSS.RE CONTENT _IATr_'IE C(NS3Ty

O_ C(_%'SISTLeR_y SO3. 5!HLICI_

M_'& R*_LCGY

ll_Or_mm_ 7 5YHS'B _ k_rr,_ f,m.N,bt:4e_ _ d,lm_ _m,o_

_ y,do* 2 5Y8/2 v_y hne _oltne _,mTb_,,_ _n_

:_avely SAND llgtd_ 75YR6/4 s_sm¢_ qrav_lS fzrmk

"_lv_ zo_ 6 wll _ 80 5 k_81 S

._X SANO

_$y_'1 _llmehnv_o&ne _*ylo_l_ d_y

¢_NO SJI f_l It l_¢p_ It 8_ 0_ _k to _/,11dI_ SANIO |I _ 5/4R_

I:_i:_t SAND asll_ r_ Iooo.w'_ 0am_

_ Id)o_1 _a_du_lo r _,¢ocrlm,_ mG_t [o_Sla410_ M,_

Sampl£_ Ic_ probably s_l*_oto<

Jay P_d_u ( J_3o_1_ )

CO_t& NTS

D[pTH O,F C.ASIH G U_ _LI_K; R/_TE

_RI,LL LN_ FL_,qO t O_

rESts _) rN._;TRU_ENTAlnON

O5

00

O5

0g

O3

_arn_e c_,_'_ _ k_ VCCS



703 I22

r PROJECT NUM6ER

i CH2MHILL 160492 SA.03

_PROJECT LO_QTermCR)c_al_nalA/eas _Dep(x __

F[ FVAT10N 29443 feel MSL.{XOC) ;_4 93 f_et MSL (_c_d_

DRILLING M_T HOD AN1D ECeUIPMENT USED Ho_ Slem Au_ 425 m¢J_ ID w'_ C_ Sd_pie_

WATER LEVE:[ ':; I0200Ie_BTC.C(IIF2001) START 10_1/2_1 END l(_Of_v'20Ol

)CPTH BEL _ _F_CE (FT) S TAi_

LMTERV/d. It=l) pI- N_ IRA T_t4

_- C CA_ HY I%) IEST

II/TyPr= F_FSt_. I$

.o_G .UER MW-98

SOIL BORING LOG

LOCATION Memoh_ Tonne'_'_e

{)-r_rLL_I_CONTRACTOR Tn,_4,1teTes_J._,_es I_c

I I
I I
I I
I------!
I I

-I I
lts I I

I I so
_1 I
I I

_1 I
I I

J------I
I I

_1 I
I I

1;0 _1 I
I I 4_
I I

-I I
I I

J I
I I
I I

-I------I
I I

-I I
I I

125 I I
--I I 45

! I
-I I

I I
_! !

I I
I !
I------I
! I

_1 I
! I

130 I I
I f 45
I I

J I
I O
I I

-I !
I I

-f___J
I I
I I

-I I
I I

t35 i I
I I 45
I I

-I !
I I

-I I
I I

_1 I
I---!
! I
I !
I I

140 I I
I I 45
I I

m

LOGGER

SOIL OE _J_J PTLON

._CIILNAMr USC%CJ_O_JpSyI_0OL COtC_

MC4ST_ CO_T I_J-LAIIVE OEh_lTy

6" 6" 6" _ OR C_M% iEt_y ,_L STRLJ(. tl_

_N_ _NERALOC,y

L_ttol_ ;AND n_dlOO>l_Jm M<,.w_ded

e¢'9_

m_,_ KJ meOlo(J

lopor_etr_bon tes _@_S_NO asabo_/ _e_o*_25Y6/6 reed _0r_tlMi ,e_,J_f_nm

SANO oln_c4k_ 25y_o few _ _'_l_d

P_e_ ( Ja¢o¢_ 1

COMI._ NT_

_pT)l (:4: (.AS _N_ O_rLLING_ RATE

DT_LLING FL UIO LOSS

IESTS AND _I_TRtJ_-NTAT_0_I



705 123

PROJECI NUMBER

160492 SA.03

O CH21VlHILL

PRO_CT L_,9 T_,'n Op_.af A,ea_- _Mo_O.,sDep_

R.EVAT_ON 2S443 fo0tM_ (TOC_,294 93 _e_ MS_ (__x,_)
DRILLING MIFTHOID AND £C_IP'M£NT USED H_Ow St_m_/_,___'_,5 _'_ IO v,_1CME _ __

WATERLEVIELS t0?00f_tBTOC Ifr2001) START I0_Ir2001 END I0_5,'2001

IDEPTB_ 8_ LCRN SUHFACE (_r)

LNT_RVAI ['FI)

_CC_RY _.)

#CIYI_E

.om_ .u_. MW-98

SOIL BORING LOG

LOCATION Macrq_ T_mc's_

DRILLING CON'TRACTOR Trl Scare Te_ ,°,e_ces Ir_

LC'P-_C,FH Jay packor (J_s)

I
I

-I I
I

I
I
I
I

t45 --i I

! 5o

!

I

I

f

_mD_

t_oom

t55

tN)

tg5

$TAN_ARID SOIL 0_:SOR CPTI_)N

E_E TIRATION

TEST SC4[ NAME USCS G/_C4JP S*rl_E,_. COLOR

R[SL_.TS _(_T_J_£ CO_TI:NI RFIJ_TI_ _N_ITy

6°_°_*_ "* C_ CC,NS_STENCY SC_L $'_R_JCT_JRE

IN1 _RALOGY

Used _ stem

au_

cwt_ memod

f_c,u_s

;f a_l_ SAND _o_rn_/4 ;o6"

_O_RIN G 1_ I_NA TI_ O @ 148 F£_ T H(h_

C_NTS

ORIL_ _L IJlI) LOSS

T[STS AND IN_R'tJI_hTTATK)N

Cora_d ;ID Lopm)



703 124

_03qECT NUMBER

160492.SA.03
CH2MHILL

PROJECT UOO9Te_n O_ Aleas ke,_m_r_D_

ELL-rATION 2_ 33 feeleaS__T(_) 28569_eq_ MSL fiFo_)

WAIERLEVFIS 8960_BTOC(11_)1) START 1(_5/'2_1 ENO 10._,B_ZOQ1

XFPTH P,Ft OW SL_F ACE (H)

_tl" HVAL _11

laom_ NUde MW-99

SOIL BORING LOG

LOCATION Men,4_s. Ter_

DRILLING CO_TOR T r._Stat e Te,*_ _Se,enr, t_.__, c

I
I

I o
-I I

I
I------I

I
I

5_1 I
I
I _00
I
I
I

-I------I
I

-I I
10 I

I
I 67
I

_1 I
I

-I------I
I

-I I
I

t_ -I I

I 90
-I I

I
I

-F--I
_1 I

I
20--1 I

I I
-I I 9o

I I
-I I

I I
-I---I
I I

-I I
2_ I I

I I
I I loo
I I
I I
I I

-I----!
I I
I I

3o I I

I I ioo
I I

_1 I
I I

I
-I I

I
35

I 65
I
I
I

LOCGE R Adam _ (J_)

COMMENtS

pEtE TRA'rk'3_

TEST SO&NAME USC_SYtaBOL CGtOR

R_SULTS IX_STIJiE CCtiIl_NT R_ELA_ME DENSely

Used _ _m ;*ayey sa_ b¢_ f_n_ _ry

ddbnqrr_tr_
p_t4'_at=xs

t_t_ 9r_y (MI)

L_ p IrH OF CJ_._;NG ORItl _, RAT_

LI_IE L_K; FL _F_) LO3_

TESTS: AND INS TI_J I,¢_ N TAT K )N

o0

01

21

IO

lOT

3_ colle¢_c_ lot VOCS

._J sam_o (> 2'0 pgcnl I 312 I

132

3O



705 125

PROJ_CT NUM8ER

160492.SA 03

O CH2MHILL

ELEVAT_ 285 33 _.et MSL (¥0_}_ ___5 69 h_ MSL (_nd)

DRILLIf,_ METrHoID ANID [QULOMENT USEO Ho_ow $_ A_:_ 4 25 _ch ID w';'_ CME S.a,n_ef_ _ __

WAIER LEVELS 89 60 _e4 BTOC (11F2001) START I (VOS/2001 EN_ 1_1

D{pTH _LOW SURFACE {Ft) $ Tr,_ON_D

NTEHVAL (I- 1 ) PIENE TRATK)N

RECOVEHY I%_ TEST

I/TYPE RF_AJI 1%

eot,ztN_ NtmetR MW-99

SOIL BORING LOG

L__O!__XIONUen_t_ "re_es.-,oe
t'_ll t rNG CONTIRA_TOR T rl star e T __ _ ,_*rv_, IP,C

LOGGER A_m _ {Ja<x:4_)

SOIL D[ SCRI91K)q _NI$

I I
I----I
I I
I I
! I

4°--I I
I I 7o

-I I
I I

-I I

I---i
.! !
I I

45 --I I
I I

-I I 65
I I

-I I
I I
I------I

I
I

5o . I
I
I 9o
!
I
I

!
-I I

55 !
I
1 85
I

_I I
I

-l------I
I

-I !

6o !
I

I
I
I

-l---i
_! !
! !

65 ! !
! I

-I ! 95
! I
I !
! I
I----1

_1 !
! I

70 I I
--I I

I I 1_)
I I
I I
I !
I-----I
I I

6"Jo"6" 6"

USed holow r,tom

auger

dnin9 r_
rKJ _'_<' ba bon IL'_

rP_JRS

SOIL N,A,M[ USCSGROUPS_t.I_ COS.OH

l,#C,_c;tt_Rf_ CC_fENT _I_*ATiV_ O_hl_lIP¢

OR C,_IN SIS 1 "ra_.y S'_q. S_TUR. c

3dzy f.a._ _W ¢km_ _" e da,'np

S,¢,d lid rn_d rmKI dlW_l rN_l

red _ rhedd_h$_ n_t

_.&m,I |$ _Ov_ 10 tO 15% gl,lv(4 114I0 _r4"

as atx_vn _ _ a'._l up to 2"

;al_ reed n_4 k_,e _mn_4* rru_ _ _'av_

DEPTH OF _ L_II I IN(; _TE

_,_ILL IK4_ FLU_ LOSS

TEST(_ ANI) rN<;TRtjMENTATION

05

ol

O9

11

55

15

22



' 705 IZ6

IP_OJECT HUIiOER G HUIIOER

i CH21VlHILL 160492.SA 03 _ MW-99

PROJECT Lo,n_T_m'a@p_t_al Areas Mercers t_,p_.
FLEVATICN _85 33 k.el MS&(TOC), 285 69 reel MSL (qmund)
(_ILLING METH_ ANIDEQ(JIP_ NT US{.O }_olowS_¢n AL__e_4 _)5inchIO_ffl CME _in'_3_ ......
WATERLI_4ELS 8"960fe_tBTOC(llr20011 START 10/05/2001 END 10,_&'2001

XCpTHB_LOWSURFACE(_r)

I_TLRVAJ._-T)

_CO_._Ry i%)
IRYPt

SOIL BORING LOG

LCCATtON Mor_ T_S_B

DRILLiNC,CON_FU_CTOR TdSmteTos_n,gS_ k_c

LC<GGFR Ad.4,mKm_m(Jac,c_s)
_NTS

I I

I I
I I 65

I
-I I

I
I------I

I
-I I

80 I
I

-I I 65
I
I
I

I------I
I
I
I

; e5 --I I

I 6o
-I I

I
I

I___J
I

J I
I

9o I

I 40
-I I

I
-I I

O
-I------I

I
I

9_J_l I
I

-I I so
I

-I I
I

I---I
I I
I I

loo I I
I I 65
I I
I I

_1 I
I I
|------I
I I
I I

105 I I
I I 1(_0
I I
I I
I I
I I

-I---I
-! !

I !
110--1 I

I I s5
i

STAHO,_RO SOIL_ _CR_TION
I*"IENF_IHJ_1K:IN

rFc,f ,T_01LHAM£ tXSCSC_RC_*iPSyIIdlOCI.COLOR
R[SUI.T% MC.ISTU_ECC_IEN'T RIELATI','EDIENS_IY

6"_-_'*4_* OR CCitt_45IENCy SO4LSI_IUl_c.

U_lx:41owslocn "_r_im_'cr.hl_fee _,__ll

delmqrr_ec_
r_pet_elZalmle_

to%ul_s

;llvley IJmd _ _ _ _ 1/4rr,V4* r_ _J_* Z,_

t_mme,d_ _PJCa',Idno

L_CPTHOf _G OIRI1.LRN__T[
OR_LINGFLUIOLOS_

T_RTS,_ _STRUMENIA7K_

11

22

25

Wate_T_
34

S_ cullec_edt_ VOCs



705 127

PROJE CT NUMWER

160492.SA.03
O CH2MHILL

PROJECT _L_ong T_ Op_n_ A_e_; _ DeC<X

[_LLING METHC_ AI_) FQJ.JlP_F N'r USE D t tcdlow _S,_m Aug,_r 4 2 $m, ch ID ,_,_ C.M;: SJ_n__l¢_ .

WATER LEVELS 89 60 fet, f BTOC ( 11r2_ 1 ) START t0/0¢J2[X] 1 END 10K)8/2001

OORmGNUN_ER MW-99

SOIL BORING LOG

LOC_T K3N M _n¢_._ T or_n oss¢_

DPJLL tktG CONTRACTOR T tl Sta_ T ¢_tv_ ,S_r',nc_sl I_ ....

LOGGER _ K_mr>e_r (Jaoo_)

1Xcp T)4 _ELOW SURF._{'JE (F T)

LNT [RVAL (FT}

Am/l(_

I
I
I

115 --

140 __

STANDARD

plUNgE1_ Iron

ItST

R_SU_ (S

6°6-6-6 °

,_Jq_ I11 5CZay _ ha,_ _*y

_W_g ,_'Ibxx J

_o p_e_ahon te_

resufls _ORIN_ TLJR_4JNAI_D 4BB113 FEEt Bt_

_LN, AME L_C,R(_Up%yI_B_,¢ CC_

Mi_4ST_E CONTENT RELATIVE O,ENSITy

OR C._t_SJSWcNCy SC4L STi"_JCTUI'd[

DLPTH (._: C,_G O#(J4.tm)(O PJ_T'm_

D_RII [ _ FL L_) L O%%

T_ _T% I AND _<;TRt/M[NTATIIDN



7O5 128

PRO,_CT NUMBER

160492.SA.03
O CH2MHILL

PRO_JFCT Lo_ TermOpE___(_d Areas Mer'n_ 0,_._

so_ NUUeR MW-100

SOIL BORING LOG

m to_.AtK_ ue,_p_ te_e__
_ELE_'AT_)N 29116 fo_etMSL (TOC), 2_3154fo_ M___oLmd) ORILLM_IGCONTRACTOR Tn_44e Tes_ S<_._'_¢*sk'_c
DR__ILLING METHOO AND F(_JJPM_.I_rUSeD HoIkRv_ecn A_]_r 4__5rK::h_) _ C_ Sarnpi_
WATER LEVFLS START 1_1 END 1(_'0_'_01 [ OGC-4ER
DI_pIrHBELOWSUHFACJEIN) ST_ SOILUESC:RIIPz_t4

INTERVALrFT) PfcN_lPJ_TK_N

RECOVFR_'(%) TFST
IRYPF RESUt.TS

I I
I I

I | 100
I I
I I

7------I
I I

-I I
5_1 I

I I
-I I 100
I I

4 I
I I

! I
-I I

_o I I
I I
I I ICO

-I I
_l I

I I
I--__1
I I
I I
I I

1,5 _! I

I I _oo

I I
I I

-I---t
I I
! !

! I
-I ! so0

I I
I I
I I

-I-----I
I I
I I

25 I I
I I
I I 6O
I I
I !
I I

-I------I
I I

-I !

30__ !I

-! !
_1 I
! I

I !
! !

I !

! !

I"}

54_. NAMEUS_SGROL_SYla_OL CO¢OR
MOI_'UI_ CC_%IT_N]WCLATIV[O(N_/TY

CJ_CON_I_T[N_y _(_[ SIF_L,CIURIE

d_n9 mee¢_
pcc_b-,,t,onles

_LIyeySILT7S_4/_J b_;h_l_ 10YR7,q__o1_
rvedSX_dr_

_ I_V) 185
_y SAN/)yelr_h Ixo_ 10_'RSa_linemo_ _p_J¢

_ANO_ 1_4/1_ P_CB_ my

,_yPa_or (_c_s)
COtiUEN1$

[')IEp1)1o;- C.A_I_G DRJLLINGRATIE
DIRI_.LrN4_FIUF_)t 0_,_

IESTS__O INST_RLG4'FNTATK_4

(So_ t_a_svoac*)

36

m

24

35

00

00

II

m

24

00



, 705

P1ROJECT N_qklSlE R

160492 SA 03

CHZIIVIHI LL

PROJECT l _:j T_.'n (:?e_o_._ __uea_..M_mp_Is De¢_

ELEVAT_Ohl _91 16Jo_ MSL (TOC)L291 54 _et MSL (_uu_<l)
DRq.LING MFTPK30AND_EC_IPMENT USIED Holow Ste_nA4_er 4_2_5mo_IO__th CME__S_
WATFR LEVELS 92 9b M_ BTOC 11lr2(_1 $T/_.qT 10/O5/'2001 FNID 10,¢,8/200I
(._.PTtt_LO_' SURFACt-(Fir)

IN_FRVAL(FT

eO_N_ .uNeee MW-I O0

SOIL BORING LOG

LOCATION M_ Tonrm_',_

DRII I _ CONTRACTOR T_ SLam T _e':,_g $4:_'.¢s Mc

LOGGER

I
-I----I

I
-I I

I
4o -I I

I 5o
-I I

I
I

-! I
I

45 I I
I
I 75
I
I
I

-I------I
I

I !
so i I

! I
J I 75

I I
I I
I I
I---I
I I

-I I
55 I I

I !
_1 I 75

I I
_I I

I I
i------I
] !

-I I
I I

60 I I

I 1 65
-I I

I I
I I

I---I
-I I
I I

65-1 I
I I

-I I 75

I I
-I I
I I
I------I
I I
-I I

7O I I
-I I

I 1 5o
I I

-I I
I I
1----{
I I

S T/WDA_) SOl I_1- SCI_ IP TIC_N

P'F Isle TRATION

TF%T SOL _ tF,_ b (,,RO_J_o SYMBOL C('A OR

R_(E_LIS k_)l_Tt._'( CONTLNT F_ATI_IE 01_NISJTY

6°_'_'_" _ CON_;I_T[NCY _L _llctJ_

L_ hol_ s_c*tl

_tl_g n_.thod

'to pen_tra _on t£_

restd_

F_¢_ to f_ by _ _1

S,_ _p_ble, 75_'_* _o_g _-_n raed_um _ dr/ k_wg4_O_ m

B4<or_ng _ gl • _'4y at 72 fl_. 25%

COMM£NT$

I_- PT)40_ CJ_,_IhK_ 0R ILLIN(, R_TIE

DRILLING PLUK) t 0_,._

TESIS AND C_,T_t_¢FNTATIC_

O0

O0

O5

O0

O0

O0

oo



705 130

i CH2MHILL

PROJECT NUMBER Ioow,_ NUMBER

160492 SA 03 I IVAN-100

SOIL BORING LOG

PROJECT t?_?TownOPe_,'Nc=tld/Uea:; _D_p_ IOC_TION _ Tenn_s.'a_e

ELEVATION 291 16 feet MSi:0"OCI, _<3154 feetMS4.(gLou_l) DRII.LINGCONTRACTOR Tn State Testmq_Science.s, I_c
DRILLINGMET_¢OOAND FQUIPM_ENT__F_O Holow StomaAug_ 4 25 inchID w¢hCME
WATER LEVELS 92 95 toet BTOC (I 1/7001 START $0R)5C2CO_ END 10/0_J20_1
3EPTHB_LOWSL_FACE(_r) STANDAR1D SOIl._ESCRIPTK)N

NTERVAL(I:T) PENETRATK)e_

RECOVF_" (%) lEST
RESULTS

I I
75 _ I I

! I
-! I 5o
I I

-I I
I I

-I==--1
I !
! I

K I I
I I

_1 I so
! I

-I I
I I

-I----I
I I

-I I
I

85--11 I

I I 75
-I I
I I
I I

-I___l
I I

-I I

901 II

I !
! !
! I
! I

-I----!
_1 I
! I

95-I I
I I

-I I 2O
I I

-i I
I I
I------I
I I
I I

JOe I I

I I
I I
I I
I I

-I------I
I I

-I I
I I1o5

- I I 50
I I

-I I
I I

-I I

I---I
! !
! f

i Io --I I
I I 5o
i i

lOGGER _Pa_(Jaoc_)

C,G_FNrlrS

INI

NN_ uscs GRO¢_%'_d_OLCOLOR
MOIST_IE CC/NTEcNIIf_¢*Ti_ _l_,_'r_

CONcJ_'r_NcY_ STRUCT_
_IP4ER.l_OGY

Usedho4low_err _NO_*hg_awel I_b,_nu_,,'e_¢6_y_oales _eloc_r'_In
,_ _ecb@ds25%_mf _ dame

J_ ,_x_.__l_ g_i_ ¢¢dto ie_i__ pebblesIi 84f_¢

r_ backIo C_I.,_llyS.'_lOI_ 905lee¢

70% ro¢,_ nf s._m_,e SOw¢,.I
r't_ f_ _.JI

_* LINGFLUIDLOSS

'_CST%_ INS'Ird.IM[NTATI_t_

oo

oo

oo

oo

;a*_l_ cc&cded Io_TOC

,a_ e _od Io¢VOCs



?05 131

PROJIECT NUMBER

160492 SA.03

CH2MHILL

P'NOJE CT LC¢_ Term Operatlonad Area_ - Mew¢_ Depo(

FLEVA|I'ON 291 16 le.d MSL (_OCJ, 2_ 1 54 f,oet .l_St. (_o.J,__ J

DRtLL ING METHO0 AND EQUIPMEN_ USED I k:mow St c,m AU_¢_ 425 m,ch ID w_ CM E S.antD_

WA'_ R LEV'[LS 92 95 f_t BTOC (1 _/'Z(X) STUART 1_1 FNX3 lO_0_rL001

D_p TH BELOW %t rRF_C/: (F T)

rN'l E RVA.L,_._

:._CO',/FRY('_I
e_YPE

SORmG m_eee MW-100

SOIL BORING LOG

__ t OCA?'K:X_UecrC,,s te,'_,'_-ssee
D4_ILLING CO_TRACTOR T n State Tc,-,tzng ,S¢¢V__ s f _

LOC_F R JayP_t_ (.tao_e_)

I
-I I

I
-i----I

I
-I I

115 I I

_I I
I

_i I
I I
l___J
I I
I I
I I

120 __1 I
I 1 100
I I

-I I
I i

I I
! I

! I
I I
I I

t2"_ I I

I !
-I i

I I
I I
I I
I I

-I----!
I i

_1 I
I I

13o I I
I I
I I 5o
I I
I I
! I
I I
I I

SZ'ANDS,_O

F:_NET_I_

1[$1

p:IESt R T<_

6*6"6"6*

_N_

_e.d hollow s_olm

aug_r

cs,vt,_ _

results

5OIL DE_

SO_[ NAME USC_C,W,X,IP SYMBC¢ CC_.OR.

&C_t_llJ_E CONTFN| REL_TTV_ DENSITy

(_ CON_J%rFJ_I'_y *¢K_. 5TRUCIIJ_

P_ 7/l _ _a_ rn_es Oer_ dowqp f_

CLAYEY $_ k_l <_*_/

TE_._NA TL D _ 133 FEET

C..O_lk_ NT S

_p|H OF C,A_ IN_ _ILLI_ RATHE

D_'ln t il_G _I.U¢D LOSS

T_%TS, AN_ _ISTT_ J_4_I_T AT ION



705 132

>ROJqECT NUMBJER

t 60492.SA.03
O CH21VIHILL

PROJFCT Lo_ L_ Oper,cJo_l A,_ M_.p_ O_p__

Et EVATION 2_JI 70 fi_t MSL _TOC) 291 99 feel MS4. (._oun(1) --

DRILLING METH<_D ANO EQ_JIPMEi_r USEO t-k:41o_ S tem A4_j i_ 4 2 5 inl_ iO woo%CMF S,,iprr_ __

WATER LEVIELS g3 32 lee_ BTOC ( 1 lr2OO 1 ) START 10J191ZOOl ENO 10119,'-ZOO I

XCF"1H BI:LOW SUR_ A_F (FI)

le_tE _VAL (FT)

i

I
-I I

I
I
I

| too
I
I

5_1 I
I

-I I
I

I----I
I

-I I
I

-I I

lo --I II
I
I
I Ioo
I
I
I
I

ISO_;_/M-IE;I B (Replaced SB-10t)

SOIL BORING LOG

LOCATION MCTT'nlpt_ _Tennc_,,,,ce

DRI_.LL%_G CONTRACTO,R _n State T_'ICKJ Secv'lc_$, h_

-I

-I
I

I I
-I I

I I

I I
I I
I I
I

20 I
I
I
I
I
I
I I
I I

-I I
25 I I

I I
_I I

I I

I
-I I

I
-! I

3O I
I
I

-I I
_I f I00

I
I
I

-I I
I

_-i I
I
I
I

I
I
I
I

I ace
I
I

_T_ATK_

T_-ST

RF_L_.TS

6o 6"_" 6 -

fNI

DESCRLPTK)fl

RC4L NJUi,IE USCS C_/P SYM_ICL C(_. OR

MCe-;TURI: CONTIENT RIELATI%E _ENSITy

CON_S'I{-J_Cy SOt $'m'L_'R,LRIE

U_lholow_er_ ;_IxSnl _ i_kda_p mi_pL_

au,g_

_db_g rr_la_o_

_;tJ_Y_y SILT

St,O._/F_I_aU.AYEYSANO b_,_ee, J_ r_ v_yk,e r_l_u,II

lamp ¢i_I ¢FI,_ al 21 lI14 bIKor_g _ e _*elV Io 37 N_

,b" _ C,¢ly a_ 2,5 feel

I OCCUR _ay Pa_t et" {_)

C,O_,W,_NI$

_CpTH OF _ _L Lk_G. R_TE

_ILLING Ft Ur_ L(yo_

1ESTS= AND Ip/_ TR'IJ_ N t A | K_4

(50_ t_ea<fspa¢; /

00

00

00

O2

_am _e oolle_ed lot VOCs ( MW _01)

O0

O0

O0



70S 133

PROJ_CT NCr_ER

160492.SA 03

O CH2MHILL

SOIL BORING LOG

PROJECT LO_T_Owat_d_a_ Mce_p_sDepo( LOCATION Mot_l_$ T_o

ELLVATION 29170_M_S_L{_0____lgqf_c_M_'_o_nd I ___ DRILLINGCON1RACTOR TnStmeTeslm, g_cvt.oos, k_c

DRILLINGMFTHOOANOEQUIPMIENTUSFD tfollowStemAugord25mchlDw6_CMESamp_ ___

WATER LEVELS 9332 ft'ct BT_ (I 1F2001) START 1Q/19."2(X}1 E:NO 10/19/'2001 LOGGER

DEptH B_LOW SURF_.C1= (_r_ ST/_t_RU _ DESCRIPTK_I

• IT(RVAL _. pIEN_TRA l ION

_ECOV_Ry (%) 'rEsT
|_ryP( I_ESLK75

I
-I I

I
I
I

'_--i =
!

-! i

I

!
!

!

!

45 |

!

I
I

-I---- --_
I

-I I

I

I

I

-I !
! I

-I I _oo
I I

-I I
I I
I I

55 I I
-I I

_! I
I I

J___J
I I
! I
I I

-I I
I I

60 -I I

I I
I I
I I IC_

-I I

_1 I
! !

-I I
I I

6S --I I
I I

-I I
I I
I------I
I I

-! I
! I
i I

70 I I
I I
I I

I !
I I ioo
I I

-I I
I I

_t

Lk_ hollow stccn

re_,uils

_'_t NAME USCSGROU_SV'MBQI. COLOR
MC4STURE CONTFNI RIEt,ATPAEOEN,SJIy

OR C(31_V_3_y SCCLSTRUCIt._IE

I%-I_1B (Replaced SB-101)

_ as Ibo_l

DEPT_I C_ C.,_ ING DRILLING RATIE

ORILLIN(; FLt_O LO_c_

TESTS, AND I_ S IF,_IMF NTATK_N

Co._o_ F,o IM= V

o8

oo

os

oo

oo

oo

09



705 134

PROJ£CT k_J MBE R

160492.SA 03

CH2MHILL
SOIL BORING LOG

PROJ(CT Lo_r_'umOp_*_/Veas Men_D_x_ LOCAT_N Me_'_en_--.,_e
EIF'VATION 29_1701_'IMSL (TOC),Z919_f_o,IMSL(_ocmd I ---- OHILLINGCONTRACTOR TnS_TestmQSor*'ac¢_,l._C __

DHILLIN G METHC'n') AN D E QO rP'MENT USE 0 _ Stem Au,_¢* 4 2_$ inch IO _th CME ._r'n_ _

WAIF:< LEVELS 93 32 f_:t BTOC ( 11.r2001 ) START I 0/19,'21_ I END 10;19/200 t I OGG4ER

OFPfH _..LOW $ Urn-ACE [FT) ST/_N_ SOIl [XC 5CZ,_II_ I ff:_N

INTFRVN _I] PFN_C f_AT K)N

COV_RY (% I TEST

Nt $_.1S

I

I
75 I

I
I
I

1---I
I
I
I
I

e0_l I
I
I
I
I lOO
I

-I I
I I

-I I

85--I II

! !
I I

:---I
_! !
! I
! !

!

I !
! !
I 1 too

-i I
! !

-! !
_! !

! !

! I
! !
! !

-I !
!

!
I

10o . I
!
!
!

_I 1 Ioo
I
I
I

-I I

I05 i I-- I
!

-! I
!

!
I
I
!

1 IO--I I
I I
| i

6*6-6"6 -

S_P¢_ USC_ C,R_P SY_L C(_¢OR

kKJIS'fURE CONTENI RIEL._IM[ _h_J_

ORCON_$1[N( y ',J(_IL$1R_I_J_

_NER_%OGy

I_ o_-a bon lOS

(Replaced SB-101)

Gcavc_y SANID pa_ y,."low tol_h_ey _ k_a

L,_4v,elly zcc, e id _ _,_f

N_ e _._ to loo lee1

w_y ,t_ m _6 fNl

C_ a,_ef ZO,_ _ 105 t_

r Parte_ (Ja_

CCI4_F NTS

I CF PTt ( Q_ C_I;*_., DRJL U NG RA _1[

ly_t ILL L_ _.UlO LOSS

TE%TS, AND INSTRU_ NTATK)N

co,,,x_ no ii,p_

11

00

00

S3mpf e cotl_<_<l fix VOC s

12

(x_c,_f fix VOCs (1_ 10_)

_ d ¢o _,e'_My wate_ ta t.4e as m¢_,

v_ite_r rul_ _ c_ _ t_to_(

_ (:ollo_ f(x TC'C



705 ]35

FIROJ,IEC T Rt_W61ER

160492 SA 03

O CH2MHILL

SOIL BORING LOG

P'RO____CT __ Lon_Te_nOp..,'at, o_,_J_ea_ Me_D_,O¢ LOCATLON _ Te_e_,ee

FI r_VATIC_i 2_1 70 f_d M_[ (TOC} 291 _9 feet MSL (q_nd) D_tlLL/NG CON TRACTOR TnSta_Test_gS_cas__b_..

DRILL BiG MIETHOD AN1DFQUIPMINT USED Holow St _m Aug¢_ 4 2 5 inch 1O v._'_ CklE SJ'-nt_cw

WATER LEVELS 9337h_etBTOC_ll[20_l) START 10/19/2001 _ND t0/19/2001

DEPTH ECLOW SUH_A_E (F_) ST_ _<3dL_E SCR_P; k%N

UECOVLRY i%)

IFIYPF

i"°m%_V-l"me;1B (Replaced SB-101)

I
I t(X)

1
-I I

I
I

If5 --; II

I

I

I

I

_! I
!

I
I

12o _1 I
I I
I I

3 I
I I
I I t00
I I
I I

-I I
I I

I
I I

125 I I
I I
I I

-I I
I I

_1 I
I------1
| I

-I I
! I

J I
I I
I I

13<) I I

I I
-I I

I I
I I

-I !
I #

-! I
I I

_1 I
I I

I I I_
135 I I

I I
I I

I
I
I
I

-I I
I
I
I
I

I
I

pI-_ 11_J_T1,0#4

TEST

RESI_.TS

6" 6"_" 6"

i_,l _mcwu.oGY

SG4L NAMt USCS GROU_' Syk_(X COLOtq

MOISTURE CONTEN1 RFI AIr]h_ OE NcJ4TY

OR C(_NStSTENCY SCAL_TR_JCTL_E

C_I_I _ m 123 Io 124 f¢¢(

•o _r_tya_n te_
m_s

C.C_O,41E_ S

D_p lr)t or c_SrNG _11. L_k'_,_T_
O_LBNG FLUID LOS'_

l[SIr St AND tN3 TR__MFNTAIrICed



705 136

CN2MHILL

PROJECT NUMBER I_ NUMBER

160492.SA.03 I MW-101B (Replaced SB-101 )

SOIL BORING LOG

PROJECT IOel<) T_wl O__ ra,_l Areas. MO_ De,_ LOCATION Mem_ s_ T_a_,ecs_o

_E L'_/A TION 291 7(] k,_ MSL (TOC) 2'91 9'9 fc__MSL (_¢oum(I) ... L_(It I e*g_ CO N'i'3_AC T(_R "rn_ta_ee Testm,g S¢_K_ _ln¢

DRIt [ING METHCO AND E QUIPMF NT US.ED H,_low Steam __ 4_25 m,rh I0 ,_'_ CME Sari_

WATER t.FVELS 93 _2 ._el BTOC (I Ir2001) START 10_19/2(X)1 ENO 10JI9tT001 -mLOGGER Ja_ Pa_.ct (Je, cc_s)

_plr tl I_:LOW SL_rAcE (:" 1 )

NTERVPJ (;.T)

RFCOVERYI% )

I/I YPIE

I
I

145 --

1',_0

165__

ST_ICUU_

PIENE I_T_

TEST

I.LF S'LR.TS

6 o6_'_

INI

LP_ed ho4k_ _xem

auger

dnlln9 rr_Cho0

no pc.nets4 bon bes_

msu_Is

_ Pdk;)w stem

a_Te*"

rm pcc, eCab_ le_

msurts

son. Or- _CF_La TK_I

S(_L NAME USCSGRO_._SYMB*_ COLO_

MO_R1LIRE CC_TENT IMELA_ (_4ch_4ry

C/_ CC_e4SJSIENCy _ %TR1K'TUNL

C.!_y

BOI_t_ 7F _INA _EO _ 142 r(( Ir _'_,

COJ_4E N7 S

_LLI.N_ FLUK) LOC_

TESIS AND IINSTRtJ,MFN IAIK)N



7O5 L37

I CH2MHILL

PROJECT NUMBER |BO_ NUMBER

160492 SA 03 ] MW-102

SOIL BORING LOG

ELEA'ATJON 311 34 fc_tMSL (TOC),311_70feet _M_-__(_FOU_J) __ ORILLINGCONTRACTOR TnSt,_eTes_,_s
DRR| ING METHOOAND E_Q(JrPMENTtJSIED Hdlow St¢_ Augcm4 25 inchID v_ CME Sart_¢_
WAT6RL£VTcL$ 110 66 fooI BTCC (11/'2001) START 10R_'Z001 FND 10JI(Y2(X)l LOCkeR J,_Pad*e_(Jaoobs)

J(PTH _ELOW$UIRFAC_(F! ) STAN(_/_()

bitERVAL(_1) PLN_|I_J_TTON

_COV'FRY _] t%'.T
RESULTS

6"6°_'_"

Int _,_r_c_Y
I I
I I

I I ioo
I I
I I

1---1
I
I

5_1 I
I

-I I loo
I

-I I
I

I-----I
I

-I !
to |

--| I
I loo

-I I
I
I

-I___!
|

-I |
I

15 -i I

I tO0
I
I

-I l

_| I
|

I
-I I s_

I
I
I

I------I
I
I

?,__ I
I

_l I 60
I
I
I

I
I

_)--; II
| 75
|

_! |
! |
I----!
I I
| I

35_: l
I 75

| I
I |
I |

CiESCRIpIrK)N

SC4LHAX4¢USCSE_(XJPSYI,_8OI.COt.OR
M_c*lr_l_ CC'_t_KNTRpJ.ATI%a_DFNIS,_IPf

OIRCOI_JSTF_Y _ SIR%_TU_E

au,g_
dr,X_ ,l_tr_

nopene_a'_onI_
r¢r'_,'Rs

_eySJLT s._m_lbo_ me_ s_f_s_l

_I_K) y,elo_sh_ 5yR5_5 _tr_ fnl tof,t_ _ _

_a,m4_ = 27 feel.ve_/_,v_tot_l nil

v_ylb,_mtr_ d_ _to_

COMM[NTS

(_PTII OFCA_IIG _ _IE
(31,_.Lre_GFLuiDLC,<_

t_sts,,',..uIIt_Tl_J4_(NTATK_I
C.o._o__IDO,pm)

oo

oo

oo

oo

oo

o9

12



705 138

O CH2MHILL

PROJECT NCtkl6JER JBORINIG NUMBER

160492.SA.03 J MW-102

SOIL BORING LOG

PROJECT . _Lon9 Term Op_alxx,_ At oas. Memphrs I_pc4 LOCATION MemlMa s. Te_r'c_sce

ELEVA]ION 311341eetMSt (XOCl, 3_11 70fcc(_M___ J_ound) 10dR1LL'NGCONTRACTO4_ TnS4a_Tes_'<j,c_p_e_ h_c

_DRBLLING METI fOO AND F CM1PMI:NT LF_E D Hollo_ Slom Aug.__ 4 25 ec, h ID _h C_E Sa_r
WATFR[EVIELS 110_fc_BTOCII1r2COI) START 10,_oJ'200t EI_) 1CU10r2001 LOGGER

[xcpitH _LO_ SU_F_ (F1)

_ r(F<VAI (J-l)

_COVeRY _1
r/Iryp_

I I
-I------I

I I
I I

"°I I
! !
! I
! I

-I---I
! !

! 0
45 --I I

I !
I I 60

I I
I I
| I

-I------I
I I
I I

!5o I I
I I

J I G_
I I
I !
I I

I I
I I

-I !
_1 I 5s

I I
_1 I

I I
-|___|

I I
-I I

6o ! I
I I

I I 75
I I
I I

-I I

F--I
! !
I I

65 --I I
I I

-I I /5

I I
-I I

I I
I------I
I I
I I

70 _1 I
I I

-I I i_

I I
I I
I I

I I

STAINID_RD SC4LO_SCRIP T_I

P_NE T_T_

IEST _ _ US,CSGRO_SyMBOL COLOR
I_CRLJITS I_ISTU_C C(_IIENT la_LATIVIF('AC_,ATy

6"_'_ o6" OH C_%'SIST1ENCY SO_ STh_cIru_

Used holk'e_ s_m

alx)P_ SAND ye,l_s;_ fe<l 5Y_ 5_15rme m_l _ _ry

r_ l_n£_mt_rm brsq

_AND b_t_J_ yel_w IOYR_ mi_ _,p_u_ _ dry _'Icerocm_

f_;l_est_0y_Im_ IOYF_716_4461t_4 1_iomme<l t.PJ_v¢,4

sar_ asabove m_egravol-10%

SAND y_,_r_SY_O _med _ _y _tor_'_l_,l_ _ow

_r,,_wdl_SAND y_ IOYR ?_to_ _ darilp _/N1d_qp ¢O
p_hes

J_ parker (_)
_f_15

[XCpTHOF CA_LNG (_Ik LI_ R_rS
DRILL _ F(LH() LO_

ll- ST$, AND IIh_ RUMF N1A| _1

$6

O4

09

18

m
O0

15



705 139

PROJ[CT N UNDER

160492.SA+03

O CH2MHILL

I_OJFCT LO_ T_n Opc_a_aJ NO_ Me rr4_t _ D._x_

_F_I EVAI fON 311 34 fe_ MS4. _'C__.), 31 _ 70 fPP_ MS[. (ground)

DR(LLINC, M_THOOANOEQUIPM_LN_USED. HollowSte.mAu_425_.hlO_'_CMESa_'_',e_ _ __

WATE_IEVELS 110_fe_BfOC 11i'_001) ST_J_T t0J0<J_00_ END _10t200t

nEP_ BELOW SUR_/_CE (FT)

_TFRVN (n)

soR_ NU==_R MW-102

SOIL BORING LOG

LOCATION M__ s. T_

ORILLING CONTIP_TOR T IJ S t.,Ide_'16-__ J ._ _

LOGGER

i
75 -I I

I I
-I l 75
l I

-I I
l I
I-----I
I I

-I I
_0 I I

l I

I I 7S

I l

-I I

I I

-I------_

I I

I I

e_, --: II

I I 60

I I

_1 I

I I

/ I

I I

-I I

t I

9°--I I

I I So
-I I

I I

I I

I I

-I------I

_1 I

I I

I I

-I I 65

I I

I I

I

I

-i I

I00 I

1 75

f
I
I
I

I-----I
I

-I I

105 I
I
I

-I I
I

-I I

F--I
-I I

I
110--1 I

I

S TA._JE_.,RO ¢,G4¢ C¢ SOqlp I iO_l

PE NE TRA1P._N

TEST SOil Nk_L USCS GRC_Jp _ COLOR

RESt_.TS M_._L_'R2R_ CONT[NT REI_e, IIV_ DIEN_4T_

6".6 ° _'_" O_R CfJ_S;_'r E NCy _ _lrRucIu_CE

JSOd hoa¢_ stccn

memo_

_r_ _ _ _a178 leer

_A_'D y@lk3._ IOYR 7/_ mo_ _ _ k)o_,e dry

SANO _e _sabove Iracola_a gra_upto I =nc_

up to 1 _ 4_% _

C_4y SAND _ as abo_

N_ a_ 110 fc_t

JoT Pa.t_ (J_)
C_NIS

I)_ PTH OF CAS,tN_ DRILLING RATE

I)RI1.L It_ FLUID L(]_._

"rl[STS I AND INSTKIJt,IF NTAT_ON

comx=_ _ro fpp_l

00

75% t:.J¢ s._mc4e le | ou_ on _,0u_d

_Jy 1 _r was_'_dm

he5 _n

00

00

11

O6

11

26

Sa_ colle_ _J for VOCs

O0

_T_,_¢ _..............
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CH2MHILL

PROJECTNUMBER JBOI_'NG N__JER

160492 SA.03 J MW-102

SOIL BORING LOG

PRO._CT LongT_c_mOperatlonaiAre.l_.Mc-fflphesOc.p_ LOCAT]O61 M4"_,_,,S lenn_ee

FiFVATION 311341eOlMSL(TOC) 311 70k.e.tMSL(_Fc_._d) DRILLI_CONTRACTOR T_'iSt__nT,_ b-,,c
D_ILLING MFr HOD AJ'4DEQ_JtPMEt,/TUSED Holow S_emAuger425 inchtD.,_m C_E .,S_m_ __
WAT£R LEVELS 110 66 feet BTOC (1tr2001 SIAHT I (_r;_Jt2gO1 £NO 10J10t2001 LOC.GFR
[X-PTHECLOW%'lJRFACE(rT) $TA,NDARD _ _[ S(',RaP1K1N

RECOVERyF'_
I/TYPIE

I I
-I I
I I

-I----I
I I

-I I
115 I I 5O

--I I
I I

-I I
I I
I I

-I___1
I I

_1 I
I I

)2o __1 I
I I 6o
I I

-I I
I

J I
I
I

-I------t
I

-I I
I

125 I
I 0
I

-I !
I
t
I
I

I
I
I

13o --t II

-! I
I !
! I

! !
I--_1
! I
i !

-! !

13_ I I
I !
I I 5o
i I

-I I
I I
I I
I I

:--H
i !
! I
! I

:140 _| I
I I 100
! !

p'FNF Ir_ l lOIN

TF_T SOCLfC_MFUSCSGROUPSV't,IB_iCZ_._
RLSUt.TS I,K'A_IUlR1ECON_[NT RIEIJ_|IVIED£NSITY

IN_ M_CRALOC,y

t_kJw _4em

_ng melh_
nO_.n_r a_n TeSl_ av_ll__ _m_ _ aba_ Z'C_s_ mun_ed_ _._

_15

_llVSANOs_'_ _s_ g_lct_,g_CL_ ¢.ANI)_1139lee_

.__d4_ k_$,i_¢1yC¢_yi( 140$ ieel

_l:NI$

_P'rH Q¢ _ DRILLIhK_RATF
O,_U.INGFI U,OLOSS

TESTS,Af,K)_iS_ NrA'rloq

_rnci_ c_:sed Im TOC



705 141

PRO._CT NUM_R

160492 SA.03

O CH2MHILL

PROJECT Lpr_l Term O_-_ di_n,_/_r p_ _mphrs D_pol

ELEVATION 311 34 f_ MSL _t'C_) 31f 70 f¢_ k4S1. (_uLmd)

DRILLING METHOD ANO EQUb_F NT USED Holy _em r_ 425 inch rD wdh CME ,_unF4L*_ ......

WATERLIEVELS 11066JL,,PtBTOC(I1/2(X)I) ST/_T 10R)(J/2001 EIS_ 10.'10,2001

leoer.G.u.se. MW-102

SOIL BORING LOG

__ LOr-.ATIO_I M_O_ Tennessee

D_ILLk_dG CON*TRACTOR Tn _le T_.SC'q_<_

LOGGER Joy Pa_e_ (Jacx_,)

DF.p _ H 8Fcl. O'_ _AJRF AOE (FT)

mITIE RVAL (FT)

tlECOVE _V I% )

145 --

150

155 _

1,50_

165

_ TAt_Cdd_D

TEST

I_ESIR T_

a_

d._ 9 rn_

_ope_*tJ,_bontes _b_mh_reyC:_A_''_l _rd da_

r_S_U_5 K_f_ _e¢4_TI_J_d Ir4A T1CD _ _3 _'FET II(L_

_¢01. _SCF?_TtON

S(]_ NJ_ME _GROUPS_CX COLOR

MOISILM_E CCe4T'ENT _IEI ATI%"; ()£N_ITy

(_% COt4SP3TI£N_Y _ STRUCT_F

D_pIr_ (_¢ C_ING C,HIt t KN( ;,Fa_T [

LW4_LLIr4(_ F t t JLr) LO% %

TES1S AJ_) _TRtAMF NTATK)N



705 142

e CH2MHILL

qlll,,.

P'RO J4ECT N_R IBORING NUMBER

160492.SA 03 1 MW-103

SOIL BORING LOG

PROJECT Lon_Tefm('4",t"_bomdAseas MecrCP*_(_pol. LOCATION _Ton_e.r,._,ee _

£L EVATiON 301 35 leel MS.L (T _C_.), 301 90 fe_ MSL (.qeoun(J) D_JL.L_lC, C_TRACTOR Tn_State T_ _% In¢

DRILLING METHOO AND F QOIPMLNT USE:D _ Saem Au_ 4_25 m,d_ IO Wl_ CME Saml_
WATFRL£VIELS 6943ree'tBTOC(ll/2OQ1) START 10t15,'2'001 FN0 10416,'2C01

• [pTH 'P_-IOW SURf ACJ[(YT) SOIL OtSCRJPTK)N

NI[RVAt if'T)

RI_COV_Ry i%]
L.'TypF

I I

-I I

-I I

I I

I------I

I I

I I

5_1 I
I
I 100
I
I
I

-I------I
I

-I I
I

I0 --I I

-I I

_1 I
I

I
I
I

_s -i I
I 85

-I I
I
I
I

_1 I
I

2O I
I

I I
I I
I I

7------I
I I

-I I
25 I I

--I I
I 1 Ice
I I

I I
I I

I I
-I I

3O I I
1 I
I I Ice

-I I
_1 I

I I

I
-I I

I

3s-i I 5o
I

-I I
I

PEN_ I_|IC_

l':Sl _ tC_E U')CS C,_OUp SYkl0Ct C_.OR

R1ESULT_; M_4s'rL._I[ CCJINTENT RFIATF._ L_N_Iy

6".6°_"_" OR t.ONSCSTI-NC_+ S_L $TRUCTU_

Useclholow_Jerr _ys_ Evoke P,._4,y

dn_ m_ho0

_yey _1 ¢_c_ Mill m,o_

_ano'fsat.teoem _JI1 m,_

_4md _4_ _. tJU_Im,e rr,ed,¢_nbense r_tJ

r_-p TIt OF CA_ DRILLING RAT(

0 RILLI1_ FLtJ_) LO ._._

T_.%T%,_ i}_S l_ NTATM_I

11 3

65 4

_4:_, colec_e_ 1o_VOCs

71

2O

45

161

L OGC,4ER Adam Ka,_¢ {Jacobs)

_NTS

13
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PROJ_ECT NUMBER

160492 SA.03

O CH2MHILL

PROJEC_T _ . L_ac@_T_rmOp_alxmaJ Areas I_ _ .....

[L EVAT_K_4 301 35 te_ _ (TOC), 301 90 fr,PIMSL (_r<J_ ....
[_)R_[LING ICCFTHOIDAND EOUIPMENT USED Ik)0owStem AU_L__425Jr_JtID _J_ C,ME Sm_4_
WATER t FVFI S 69 43 foet BTOC (11F2001) START 10J152"Z(X)l END 10JI612C@I

[XEpTHP,,EI_ SUI_AE/c(p-T) $T/_OARID

_4TFRVAL(FT) _N.E T_,T_
RECOVERy_l&) I_-_I

WTYI_ kESULTS

BO_ .Um4E. MW-103

SOIL BORING LOG

LOCATION Mempias Tenrws,.c'e

DRILLING CONT_CTOH Tt_t._l,t T4_.-,t_g _ I_¢

LOC'C,_ R Ad,m'n M,_P_ {Jd cot_ )

I I

I I
-I I

I I
I I

I I
I I

-I I

! D
45 --I I

I I
I I 85
I I

-I I
I I

-I------I
I I
I I

5o I I
I I
I I 6O
I I
I I
I I

I
I

5b I
I

I
_1 I

I
-I------I

I
-I I

60--i II

-I I
I
I

-! I
I

6"_--I I
I

-I I 75
I
I
I

-I---I
_! I
I I

70 _1 I
I I

_1 1 50
I I

-I I
I I

-I----I
I I

6" 6"-6"_*

_N_

Js¢4 hob_ stc, m

a_Jjef
d_ng meCtxxI

_ ix_Ua_on tc,s
res_L,

SCqLICAktE USCS CJ,AO(J_ SY'MO(_. C(_¢_

MCCRTtJ_F CC4_T_NT REI ATIV[ _F_.N_IIY

(_ CONSISTF.N_y SC4L STRUCTURE

DEPTH Of" _ DRILLING RATE

_R_! ING FLUqO LOSS

TT _T_, AND INSTRUI4[ NIATK::_i

22

18

_;_T _a_-_;& _;: _" _;_-_T-- .......................

00

2 5 mte_ds

15

23

%troche colocted _ vOCs

AI64fee_ _ Wat_ra164|e_

ll_c_ed)
0g

_vJ_ud n_iLe_¢_a_e rr_d_m_ gva_O%(W2" 3_4")w_Lsa_J_ Sam_eco_,0_dlorvOCs
)t 72 _et 2 5 _4L_a _



7O5 144

PROJqECT NUMBER

160492.SA.03
O CH2MHILL

PROJFC7 Lon9 "re.n Ope_ton, al A__,_ Me_e_ Dep_
ELCVAnON _ 3OI 35 te_ MSL t'TOC), 301_ _lo0t MSL (2ound)

I_x._ MW-103

mJ148ER

SOIL BORING LOG

LOCATI(2)N _ T_s_,e

DRIILIN_CONI_CTOR TnSta_T_$_',_nc_,fr¢_ .

DRILLING Mr. TtlOD AI'0D EQUIPMFNT USED Holow Slom A_¢_ 4 2b mo_ _O ,_,1_ CM£ Sa,m_

WATER LFVFI S b9 43 feet BTOC ( 11l'2+C01 ) START lOtlSt2001 END 1011612001

)(PTH _L OW _ JiltI.ACE (¢T I ST_

_TFHVPd. In" t pIENE TRA'r_

+,_COV'ERY p+ 1 TIES;

I/IYPIE RF St ,'¢Tq

I I
7s --I I

I I
-I I 2s
I I

-I I
I I

I------I

I I

I

80 I

I

_1 I 6O

I

I

I

-I------I

I

-I I

8S I
I

I 75

I

I

I

I____1

I

-I I

I

9o-i !

-I I

I

-I I

- _ii |

g5

LOCCJE H Adam K._Pr (Jack)

S_. DI[ SCRI PT_N COM_NTS

LP.c,d h'_v S,_l_

ax,gm

_r_k_ 9 me0x.d

_o pensl_bOn tc_

rcs_

SOItN_IE USCSCa_OUPSYld_OL C(X.OR

&4K)_ RJlR £ CONT[ NT R'FI ATIV_ Uf: N_I| y

OR CONS4S1E_Y SOiL ';TRI)CTIJ$_

_rKll_,n_'dmuraoo_r'_e rne,d,_ndor_se _a*_ly 20% (1/2" 3/4")v,_t.¢,l_,

I

;+m_ple co_e<tod Ice VOC_

BORLNG TK_J1N_TEI) O 93 i'kkl BGS

100__

lOS__

, 110.

(_-pIH OF ( ._IN_ DR ILLKN,_ _TE

T[Sir S, _ _STRtJ44_ NTATk_

cc_,,_ r _o_,_
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PROJtECT k_UMBER

160492 SA.03

i CH2MHILL

ELEVATION ;xJ_ 76 fc_t M_L (TOC) 2_ 13 fee_ M___(_)

DRI{ I rN_, MFT HOO M_D £C_qPMENT USED Ho_ S_Pm AL_'_ 4 2_ m*ch IO w_ C.ME Sam_0_ _

WAltR LFV1FI S 63 01 _t BTC<_ (I 1/21)01) ST_I 10/I_ZZ(X)I FNO 1011_20Q1

tXEPTtl _E l OW <;URr ACJ[ (F l) S TAt_A/_ SOIL 01E 5Clqlp |K)N

I_1 E:RVA,I _,_J PI[N_TRATK)N

IfllYIWc R]E¢,UL TS

I.O¢_G.U..E. MW-104

SOIL BORING LOG

I
I

I loo
-I I

!
I------!

I
I

I
-I I 1oo

I
I I
I I

-I------I
I I

-I I

10 --I II

I I lno
! f

_! !
I !

-!---- I
I !
I !
! I

15 --I I

-I I
I I

-I I
I i

I I
I I

20 I I
i I

-I I 100
I I

I
I

1------I
I

-I I

2S I
I

_l I Io0

I
-I I

I

I
-I I

_e I
I
I _o
I
I
I

-I------I
I

-I l
I

_-i i so
I
I
I

___ LOCATION I/,efnll_$ Te_ness¢_

DI_IIIrMGCON'TRACT(_:( Td Sl_leTe_Im.g_S_z_ In¢

-- tOGG_:R JoyP_e_ IJacobs)
COMMENTS

MO ISTUI_[ C(_TI[ NI RIELATME I_:N_IIy [_II IIP¢_,,Ft.tJID LOSS

OR CONSISTENCy _ S II_*UCIUT.t_ TF _T<i, AND INS TRIJ?_[ NTAT _ON

Mm_N.OGY _ FID _pm_

_b_ meu_o_
_ ponc,_at_nles

roi_s
_yStL1 b(awn 7 5YR 4]5_0_pIn_ud_ey? SYRt_2 mocks med_m

_;aycy SILT s.,_ asabove g_a(_gto_ly _

_o _y _ _ I 0YR t;4 loose, dry rm well

O5

O0

oo

O0

O0

JEG (_ 23 fe_

Pe_chl_ w_or

O0

oo

oo

-i
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IPROJECT NUMBER BO_I N_;NUMBER

t CH2MHILL I r_IgZ.SA.03 I MW-104

SOIL BORING LOG

PROJECT __L_On_lTerm_C)p_s_bonaIAte_ P,tofnC_D_p_w. LC_TION _ T_,U,L'_

.I_LEVATK_I 2_ t6 lee1MSL(7OC), 2_ 13le_t MSL (gtocr¢l) _ {)RILLI'qGCONTRACTOR 'In _lte_ T£-_mq_t _k_.
Of_lLLING_THOO ANO FC;_JIP%41ENTUSED _ Sl_m AJu_l_4 25 _J_ ID _'_ C_4__ _
WATER [ EVEL$ 63 01 fe_ RTOC (11/'Z001) START 10/15r2001 END 10416/2001 LO(_AER
_EpT)g_Cl tOWSURF/_4E(FT)

INT[RVAL(FT]

Ir/TY'P_

I

I
I
I

40 --I I

I 5O
-I I

I
-I I

I---I
-I !

I
45 --I I

I
I too
I

-I I
I

------1
I
I

_o_1 I
I

J I 100
I

-I !
I

1---I
I

I I

--I I
I I loo
I I

.I I
I I

-I------J
I I

-I I
I

60--11 I

I I 70
I !
I I

-I I

I---I
! I
! g

_'--I I
I I

-I I 7S
!

-I I
I

-I------I
I
I

70 |
!
I 50
I

-I !
!

I

STA_{_l_¢{} SCdLI_ESCRII:'T_'#4
Pl-N_1_ lION

FFST SOa.NAME U'_CSC,ROUPSYMBOLCO¢C_
R[SUI.T% /WIK)I_IURIEC_ENT _LATiVE OEN_I'rI"

6-_*_o_ C_ CON_ TVNCy SO¢ STRUCT'L,_tE

_l u_,,_RA,LOGy

LP.,e,dhodu:,w-,,_

nopor4N_txat I_
rosuh$

ms_ tr_._grc_*tI

SAND a,_ut:ov_ b-_cegtav_ (]gad¢_ .s_-_lyby 48

5YR_/6yt',lo='4,_ttd _._ralf,l! _ql_Ot_ Ioo_ _,lnt)

E.Ioyc_or._-'_ tob'7
_;o r._e r_ above
SAND ¢u_n.*toyeeowI_e we'

5YR5,qSye_,*_'Jhr_ rr_mm WO_t,se _r,z,zra$_ m_m ¢_v,se

.z_eiled

Jay Pa._e* (.la_t_)
COMMENTS

_EPTNOFC._SLk_ DRItl _ RATE
DRIILINGFLUIDLOSS

TESTS,ANIDINSTIR'aJMFNTATK)N

CO.,,,,:W__'0L=p.,,1

00

3a_ colk_ ed k.wVC,Cs
N_r Ta_&e

S_t,Jrat_ _
_u( _.tlt_n

O0

O0

O0

O0



: 705 147

J PROJECT NgB4ER

160492.SA.03

CH2MHILL
"=III"

PROJFCT l o__1_ Cq_'_t_:_d _ _as M_'_hp4_ De_)o(

ELEVATION 2_,5 76 foe: l_St.. (7OC), 296 13 _t MSL (=qr,_,nd)

DRItlING METHOO _D E(_JlP_F NT U_CO Hdiuw S_n Au_ 425 inch 10 _l CME San_t_

WATER LEVELS 63 01 feint B TOC ( 11/'Z[X)I ) START 1Or I_1 END t g# 16F2_X] 1

l_pl"t¢ _ LOW SURFACE (_ I)

J/P/PE

eo_.G _R MW-104

SOIL BORING LOG

LOC_TION Mocn_% Ten_e_

Df(ILLING CONTR_.TOR _Tel Sb_le Tes___.Se_'_es_ lnC

I
75 --I I

I
-I I o

I
-I I

I

I
I

S0_l I
I

_I I 5
!

-I I
I

-l------i
I

I I

SG_; II

I S
I

I I
I

-I___1
I I
I I
I I

9O I I

I I 100
-I !

I !
-I i
I I

i"
,oi

STANDARO COIL _lE SCRtpTK3_

pie NE'FRATION

T1EST SOa NAME USCSC, RCOPSYMdC_ COLOR

RESLR.1S M_LSTUR[ CON_EN1 HELATKVF p_ctC_JT,f.

6-_._-6- ORCONS_3TE24Cy SCql _.TRUCTL_d[

a_g_x
ckwl,r@me _od

r_ p_*trab(_n t_
re'J_

qo_ rn_yb% fwv,"l _ndm r.,lf'_et s._utatL_d

¢0 sam¢¢o .Iq_m r_ ¢laF at a_ at 88

1[ I_MINAII: D _ 9J FEFIr p,C')S

L CC'C_ R Jt=y pa,rk_r (JgX:Obs)

_NIS

DEPTH Of C.AS_ L_I_LLNG RATE

DH_.R_ FL t _ID [ OSS

[ESTS, AND rNSTRUIA[ h'lAl_



, 705 148

i CI'II2MHILL

PROJqECT NUMBER IBOR_ NUMBER

160492.SA.03 I SB -105

SOIL BORING LOG

/___OJECT Lor',9 Teem Op_a_n,d _ro,_, M_Tc__rs Oepot -

ELEVATION 30429 f_ MSL (g:m_r_J)

DRILLING METHOO AND EG4JLr"MENT USFO e_lk:,w ,_aem Auge_ 425 inch in ,e,_,_CM E Sanct, e_

WATER LEVIELS DRY STARt t 0/15,r_X_ 1 END 1(_' 15/,',',',',',',',',__ 1

_)[PTH _LOW SUII'_ACE (FT)

NIE_AL (FT)

_,UECOVFRY (%_
r/TYpE

I I
-I I

I I
-f I

I I

I 1 1oo
I I

-I I
5 I I

I I
-I I

I I
I------I
I I

-I I
I I

-I I
I

10 _: I

| I
-I I

I I 100
I I

-I I
I I

-I I
I I

15 -I I

I I
I I
I I
I------I

_I I
I I
I I
! I

20--i I
I I

-I !

-I !
i I

-I I
I I

-I I

2_ _1 I
I I
I I
I I

4------I
I I
I I
I I
I !

301 II
I !

-! !
_I 1 IC0

I I
-! I

I I
I I

I
_5_ I I

i I
-I I

I I

STAN L_RD SOl[ O_ SCRIp TK_N

pl- N_ TRATk3N

1_:$T _ NAME tF, CS GROUP SYIk_ (_L CO¢OR

RE,tit T_ UCq_lrl J_ I: CONlr ENT RIELATIVIE_NSITY

6._*_-Jo- OR COIN£4_*IFN_y SOIL ST?PJC.TURIE

_N) MINF RN. C_,Y

d_g me _h<x:
_ pc_babon te:

( q,_Jt_

w_lh CLly _ r_ ¢_ _¢_4,¢Ay

LOCATION Mem_hr_ 1_rm_(-

-- DIRII£1NGCONTRACTOR TnSl.11eTe_Ll_Ser_oes in<

LOGGER Ja_ Pad,,_ (JacObs)
COi4MENTS

{_pT_t (_ C/t.S4NG [_q_LLlkIGk.*,li:

DI_LLIMG FLLROLC_S

TIESTq, AND It_ TRUI*_ NTAf tON

O0

m samc4e_ barre_

lg

00

00

00

00

00



" 705

IPRO.I£ CT NUMBER BO RIgdG N_R

e CH2MHILL 160492.SA.03 J SB-105

"ell,.,

PROJECT Lo_g_Te,rmOpe_Donal Afeas Me_p_5 Oep_
FLEVATrO'N 304 2g f¢_ M Sl.(.gro_mJ)

DRrLL ING ME_HO0 AND F QU1PM[NI U_LD Holk_* S_te_m A_er 425 IICh ID w_h C_ _S,_

WATER LE_LS DRY START 10/15r2001 END 10/15FZgO I

OiEPTH _LO*W _AC_E (_'T) S TA,NIO_D

IN IEF,_'VAI i_) _c NI_ TRATI.C_

_COVr.J_y q%) 'r._ ST

#_ _S_ULIS

SOIL BORING LOG

LOCATIC_I ML=,,,_ Te_nes_'e

_ILLIN(JCONTP, ACTC*_ Tn S_ T_n_ _ _n¢

I
-I I

I
-I I

I
"°-i I

I
I
I loo
I
I
I

-I I
I

45 I I
I I
! I
I I

! I
1 !

! I
-! !

I |
! !

-I I
I I

-I I Ioo
I I

-I I
I I
I I

5_ I I
--I I

I I
-I I
-i___l
I I
I I
I I

-I I
I I

6g--I I
! !

-! I
I I $oo

-! I
! I
! !

-f !
! !

! !
-! !

!
------t

!
-! 1

!
!

!
_! !

!
-! I lo_

I
-I I

I

IN?

Ltsed ho_w s;er_

auqee

r_

SO_.,*¢./_ME USCS(',RC'_SYMS_¢ COt(Y'_

I,_Ces'rt_RF CC_(T1ENT R_I_IrV_ [A_f_T_

OR _S_NCY SOCL _T_T_RIE

LOGGER Jay P_,er (,;_cobs)

CC4,I'J r_lT S

O[pTH Of" CAS_X;, i')RICUI_ _1_

t,)_ ILL ING F1 Uh_ LOSS

TF <;T <; AN O _'ST RUME NT A 1 K_I

_1 g ap960"

O0

O0

O0

O0

1st 6 _4

_76! O0

00

00



705 150

i CH2MHILL

PROJECT NUIMtBER

160492.SA.03 O_G .UmtBER SB-105

SOIL BORING LOG

PROJECT i Oi_ Term IC_l_r_l ,_rOZ_ M¢_0_ D4fpo4

El P*/ATIO_I 304 29 k,_4 MSL Lq_c,jnd ) .
DRILLING METHCE) AND F QUrPMENT USED
WATER UEV1EL$ ORY

DEPTH _1[L OYltsUnrACE (rT)

•NIE RVA4.(FT}

Rt COVF_Y {%_
I/TYPt

I I
75 I I

I I
-I I

I I

-I------I
I I

-I I
I I
I I

80_1 I
I I
I I
I I
I I 100
I I

-I I
I I
I I

85 I I
I I
I I

-I I
I I
I I
I___J
I I
I I

I
_0_: I

I !
-! !

I I loo
! I

I !
! !

.! !
! I

_5_1 I
I !

! !
I !

-|------|
I I

-I !
! !

-I !
1(_ I I

--I I
_! !
! !

_I I Ioo
I I

-I I
I I

-I I
I I

t_ --I I
I I

-I I
I I

110

LC_TfCSd _ T_Y_'s._

D_JLLLNG C(_N'T_TDR 7_ 5_m Tc_,b_ __ f_

START I 0/1512801 END 10/15rz(x) I

ST_ _ {_ SC_ PTION

I>EI_ETRATK_I

TEST ,_,L_ILNAk_ USCS_ SW4BC(. C4_C/R
RIE'_LN.IS MC,r3TLARE COiVTENT RELAT/VF IX-R,SJT¢

6"_*_"_" (_ COt4S4STr_J_Cy¢x3f4.SIRUCIU_E

Used below stern

drdlm9 _r_0_
_ por_t_bon Idol

recoups

Dan_ @ 91 - 9£

SAJ_Oa_ aeove m_e _,_/w_ll_ _r_ _qw_l

IEHM;N,_.TED_ 1Or _EJ:l

LOGGE J_ Paike_ (Jacobs)
CCiaI_N IS

OEpTD4C_ CASING DRILLING RATE

{)RILLLNGFLUiD LOS,_

IF _T_, PUNK)_STRUI4_N TATk')N

..... _,oipp.I

00

00

e0

00

Sar_ole _'_4k,_ud Io¢ SVOCs

00

00



705 15L

t CH2MHILL

eOe¢_ .UMeER SB-106

SOIL BORING LOG

PROJECT L_On_TecmO_bc_iAIui's __{3_po( LOCATION Mon_.T_s_e
CLEVAIION "11181fee_MSL(¢ar_nad) DRJLLINGCONTRACTOR Tt_SwteTimhr_S¢l'_¢_ k_c
DRH.[ING.METHOO ANOEQUIPIi_FNT USED llo0ow Sti_rnAug_ 4_5 mc_ ID _ CME S___m _
WATER LEVElS ORY START 10.'16,'2001 END 10/16'2001 LOC_F R Ja_ pad_e*"I_)

_)IEPTF_HI OWSURFACE{PT) ST_

INIF RVAI(FT}

!
I
I
I
I
I
I loo

-I I
s_l !

I
i
I

-I----I
I

-I I
I

-I I

10 --i [I
!
!

!

!
-! !

I
15 |

t
-! !

!
-I----1

! I
0 !
! !
! !

20--1 I
I I
I I
I I

-I I
I I
I I
I I
I I

25_1 I
I I
I I
I I
I I
I I 100

-I I
I I
I I

30 I I
I I
I I
I I

_1 I
I I
I I
I I
I I

35--I II

I t
I I
I I

DIFSC_ p'r_ I',C'MMEN1S

PF/_ TRATION

TIEST SOt1._ USCSGROUPSYMB_. COLOR.
I_E,_J_.TS _L_TURE CONT[NT RELATIVIE_N_ITY

6°_°_'41" _ C(JN,_IENCY _ ,_TRbCTUIRIE

L,_J_'4CI_M_ " _LI" d_'_YR¢3 n_4_urn_fh,onQ_mc
_g,_'

_SILT be(_l 7SYR4J_nP_i_a,Jm$'_ _ pl_t$&¢¢fe_

_pT_ OFLASO_ i'_4_rtLLk_RATE
DRr_.IN_FLUrDLC,_S

TIESTSI AND_lRTRUM_I_TAT1_IN
_'_ FIOIppm

_ _ leer bm(_Jr_ rno_ cta_red2 5YR_g_,e'_di_B ya_cew_ d_

@ 35_et da,_md tallyS_V(O_yC_e d,mm__'fto _ s_'_

lEG @ 23 feel
_e_cIm@w;def

O0

O0

O0

OI

O0

O0

O0



?05 152

OJECT NUMSE R

160492 SA.03

O CH2MHILL

PROJECT I on<j Tccm__ ,_m_JI _e_ - Men¢4_ _pol. _ _

ELEVATION 311 81 fo_t MS_ (.g__m_d}

_ _ER SB-106

SOIL BORING LOG

LOCATK_hl Me¢'n_ Ter,_s_.ts.

DR_II.LINGCONTRACTOR TttS4,_Te_Sen_,c4_ kn¢_

DRILLING M_I HOD ANO F_)IPMF NT USEO Ik)l_ _elrn A_ 4 25 ==oh ID wdh_CMIE Samplm
WAIER LEVFLS DRY

T_pIH B_LOW SUrF A(.F (F_ STAhC_RO

NTERVAL (N)

I I
I I
I I

-I I
I I

40--1 I

I I
-I I

I I 1(30
I I

_1 I
I I

-I I
I I

45 --I I
I I
I I
I I
I------I
I I

-I I
I I

-I I

I I
J I

I I
-I I t0O

I I
-I I

I I
-I I

--I I
I I
I I

-I___1
I I

I I
I I

-I I
I I

I I
I I
I I 100

-I I
I !
I I
I I
I I

65--1 I

I I
I
I

I------I
I

-I I
!
!

70_ I
I

_1 I
I
I 7S
I

-! I
I

ST_r 1_16,_00t END 10,'1_[ZO01 LOGGER Pd,ker (_)

SOIL 01ESCRtPT_ON _NIrS

pt:h'_ IRA1 I( _l

TEST SOILNAMt USCSC_3LIPSYMP, Ot. C(_.OR

kUESULtS MCAST_JIRI[CONTIENT R[LA11_c L_N_;ITy

(,- 6- 6- 6_ (_q C(_',_t E,TE I_K:y SC4LSTRUCTURE

{"1 ._.(x;y
Lised hok,N_ slomJ "_Y S_ T _.abo_ m 4G"

dwd_<j r_thod
_* ixc*etra_on tosl

r_u _L_
rt_.d2 5YR4/_ te_.e_00._1d.m_

Ai_'3 nk*A'l_-_JaS ai0ovt, bno to m_dKlm _ dey

3¢avely SA,NO rod<bsh y_7 5YR6_8 lane loose _ SOOanqu_lr g_av(
-15%

".ANO 10YR 6/8 b*_,et_.h y,_llow k_e _ c_ly_'_g_annlls

_%NK)y C,,RAVIEL f,,l_net C_Q, IIb_ _o _t_4* 5ooze

_IEp tH O_: CJ_4f¢_, DRI, LING R_TE

{XR[LLING FLUID LOSS

TFSTS, AND IN S TRLIM[ N TA T_ON

$ intervals

c_ Fio rpp_

oo

oo

oo

oo

OO

Oe

oo



705 153

O CH2MHILL

PROJIECT NUM_E R IBORING NUMBER

160492.SA.03 I SB-106

SOIL BORING LOG

PROJECT Lo_Te_._Op_abolt_/_-oas_Mem_l_D_pol LOCATIC+I Mcs_p_s Tel_0_s__

E_L F VA TIO44 311 8f lee4 MS_. (9ro_). I_ I LL li_lG CONT I_C T(_ Td $4,_o Testll_J S¢__S rl_c

DRIt LING METHOID AI_D E QfJ_PMENT USED f foaow Stem A_<j_ 4 25 m¢_ tO v_l_ C_IE S+_nmpl_

WATER LFVFI $ ORY START 10/_6r2CO! EN1D lot f6/2001

_EpTH P_tOW SUt_-AOE {_r) STANO/_RD SCJ<t C4ESCRIPTK)N

INTIE RVAI (FI)

I I
75 I I

I I
I I
I I

I---:
-! !
! I
! !

--i i
_! !

I I
I I loo
I !
I !
I !
; I

85 I I
-I I

I I
I I

i--!
-! !
-I !
! I

I !
-! !

! I
! I
I !
I !
I !

--I !
-! !
I I

I0()

II0

_IENE TRAI (C44

T'CST SOe__ LK*_S C,J_O_,_ SY[MOOI. C(IOq

R[SLR.TS _',STUT_( CONT[NIr REIATI_ DFNSITy

6"_'_" 6" OR LOt_Sa'_ I L NCy SOft. _'nRHC TUR E

aug_

m_ng h_th_J

_l>enetraton te_', _D _0YR6_MO_,,n_h _e, to_fme _ eyU_,_a_

C,_ve0ySAJ_ID yellow I0¥R 7_ _e Io_,e _ _'ytomos¢ _e

3_lv_ly SAJ_D to 8_3 S

_"_ r¢,_dash yelo_ C_J_y

"rAy Ib_ ml,_dx,_ 0_ or_m_ s _ Im_ (_J_y ale,yn_ _ pe,_'y

"lAy _Z_ _ay h_d LOv¢< ,_¢i'f b4a¢_ ml_l¢4_

"FAT "J_Jrp break at -_1

CLAY_V_f_,_S,,ln_

IK_IE_IkNAI[D_grF[[TJ_S

LCC_ F R r parker ( Jaoe¢_ )

C_MMENTS

I_Ep'r H OF _ ORILL li+_, R_+I E

I_ILLINC FI L_I_ LOSS

TESTS ANO INSTRUMIEN|AIkON

00

00

00

00

00



705 154

e CH21VIHILL

PROJECT NUMB[R leC_,G N_R

160492 SA 03 J MW-107

SOIL BORING LOG

PROJEC_T__ _ LonQte_rm_O_eas Mc-r_s(3eix_ __ L.OC_ATIONMemO= t_,,.__.
ELEVAT1C_I 30492fC_MSL(3"(X;) 305 18_lM__,_L_(_'OQ__). D,RJLliNGCONTRACTOR "_riS_ataTes_S.tmtec=_,lrtc
ORILLINGMETHO0 ._O EC_JIPMFNTUSED IIc_ow StccnAu9_ 4 25 inc_ ID vvm_CME _
WATERtFVEL$ 11443k'_BTOC(llt2_01) STAR1 10/t7/2001 FND 10/18r2001 LOC-GER
_EPIH E_LOWSVRFACJEiT'l) %TAtCDA.RD _IL OESCR1pTr_N

_TCRWL t_

I
-I I

I
I
I

-I I
1 1oo
I

5_1 I
I
I
I

-f----I
I

-I I
I
I
I

lo _; I
!

-I I
| ioo
!

!
I
!

15 |
!

-I !
I

-I---I
I
I

_! I
I

_--I I
I

! I

-! !
!
!
!
!

25 !
!

_! !
I

4----I
!

-I I
I !
! I

30--I II
I I

-I I
I I 100
I I
I I
I I

-I I

35: II

I I
! I
! !

P(_ I1_/.1ION

TF_T
RESULIS

6-6-6_ 6o

'_41{:;layv_catT br_ nc_.pkt,_¢Clinton3$ ,,o45 1rocheC4J_ygluys_tlPf
Jsodholo_ stem lY.rr*__ rrv_Vjrns_t

Onl,_ rr_¢l_c
"0aerieUr.ltmtltas

*¢.=.uA_

R_t NAMEUSCSC_C_P SYMBOLCC¢_3=R.
I_C4SIURECONIENI HFIATI_P_I)_hiS4T_

ONCONSZSTFN_YSC_ STRUCTU_I[

rr_ s_ffdamp

C._D_ma=_S

_%ll_y %,ILTbr_ ?5Y/R4_4f,o_m*t_eurnF,kes_¢

_4_It,LINGF_tJ_ L_S

TIESTS, _ _l_NIAtt_l

JEG(_ 23 fe_
Per_,od w;_ter

O6

OS

16

411

31

11

OS



705 155

i CH2MHILL

_OJIECT NUMBER ]BORING NUIII8 ER

160492.SA.03 I MW-107

SOIL BORING LOG

PROJECT lo_TecmOpef_tx_r,_lAte_ Memp_csDcpo_ __. LOCATION I_ "_erm_..s_

ELEVATION 304 92 feel MSL (]'OC}, 305 18f_.l MSL L_o¢¢_) (}RIOTINGCONTRACTOR Tn $t_t o Te_ Ser._<:es,I_c
DRILLINGMETHOD AND FC'UIPMENT USED _ S_om._ 4;P5_ ID _ CME Sa,_olo_
WATER LEV*FLS 11443 k_l BTOC (11FL0OI START 10/17/2001 END _0/f 8r2(_ I
_EpT_DfJ.(_NsuRrAcdEiFf) $ I.*U_ID*i.RD SOt O( S('RLPl_

¢EAVAL {_r)

_ECOVtRy_'1
l/roPE

I I
-I I

I I
-I I

40 _ I!
I !
I !
I 1 100

-! !
! !
! !

-! !
! I

45 ! I
I I

-! !
! !

! I
-! !
! I
! !

I I
-I I
I I

-I I lo¢
I I

-I I
I I

-I I
55 I I

1 I
_1 I

I I
I___1
I I

-I I
I I

-I I
I I

6°--I I
I I
I I
I 1 1oo

-I I
_1 I
I I

-I I
I I

65_ I I
I I
I I
I I

I I
-I I
_1 I

I I
70 __1 I

I I
.I I
I I

-I I IOO
I I

-I I
I I

LOGGFR Ja_ Parkc_(JacObs)
CO¢4MCNTS

P_N(TF,U_Tf_N

TEST SO_ NAAIEUSC.SG_O_>SyMBCXCOtOR
RIE,_J1.TS I,k_C_T_,qqE CON'NENT H&CATr_IEDFN'r_Ty

6"_'&& OR CCNS_STE.NCyS_L _,TRUCTURE

_v _ _mD _14r

Gc_cey _'_I D s_'o¢_Jb,_ 75YR 5_ _w to coa_e pebi.d_s Io ¢h_grav_

SAND r0clct_hyelo# r 5YR6_8 _ _.e my uac_ pc,.ic._s _ng o_,_._._Ic
6heIon_c_u.r_a_6_0_ _9_rl (:hlc_geto 10YR 7_ y_iow (_t_to
I_.ICO_OLrood.urnr_o_eg_o_l 5%1o 1{3%uplo?'mcEe subo_q_GIrg,a_

(_pTH OFCASING LV_ILLINGRATE
D_J_LLIN,.• FLUlOLOS%

TIEST(;,_ R4S_R_IMFNTA1_N

oo

13

ouge_
dnlra_ r_zhod

?S'Inle_.a_$

O0

3_

O0

O0

O4



%'q *

' 705 t56

PROJECT NUMS[R

160,192.SA 03

O CH2MHILL

PROJECT LonqTscm_Afeee; _Dep__ _
ELEVAT_ON _30492 _T M_. _TOCI 30"318_t MSL (._ound)

JSORm_m_ER MW-107

SOIL BORING LOG

LOCATICfl Mer_ls T _e._e_.%_'_

DRILLING _TOR . Tn State "(esJJ ,._ ._¢_ k'_

(_l_t rNG MFTHCO ANO EQUIPMENT USED I_ _ _ 4 25 inch IO _v_ CM( _ml_

WATFR LEVEL S 114 43 foot BTOC START

W>FpTH BFi _ SIJRFA_.E (FT) _ANOARD

• II_RVAL _- I )

_,C('IV'FRy (%)

1/r YpE

I I
75 --I I

I I
-I I
I I

-I----I
I I

-I I
I I

-I I

I I
_1 I
I I
I I I00
I I
I I
I I

-I I
85 I I

I I
I I

-I i

_! !
! !

-! !
I i

90_1 I
! !
! !

-I !
!
!

_! I
!

%_1 I
I

-I I
l

l
l
!

-I l
_oo I

--I I
I
I
1 1oo
I

-I I
l

-I l

I
l

-I I
I

_l l
l

-I l
I

110 I

I

10J17f2001 END li_'18r2001

_FNC TI_ATI(_I

TEST

r_E_J_ 1%

6-6o6"r

IN1 M,N_R,_LOC.Y

501. (_E_Ct_IPT K Y_

S_I. NAN b USCS GRC4 _P SYI_8C¢. COt.OH

_JC4ST_JRE CO.TINT R[I.AII_ IX-N_iIy

_CONS_IENCY S_et STRtJCTURIE

r_

LOGGER k_y Pa_, I Jao_) - -

CI_IM(NI$

LIl_lJ. IN G _LUIO LO_S

T_STS, _ IN_ I_LJII&CNTATIOt4

2?

O0

14

06

5_

48

04

1|



, 705 157

i CH2MHILL

P!_DJ_CT _I4JBER II)ORING NUI48ER

160492.SA.03 I MW-107

SOIL BORING LOG

ProJf ct L._ t_m O_au_,_ *,_ _OeP_

_i:_L_EV^ l O_ 304 92 le¢,lMSL (]'OC}, 305 18 _t MSL (_i) __
DRII UNG METHOD AM3 FCUJPMENT USED F_ Siem_._A_ 425_ar_ ID MII, C_'I,ESamp_
WATERLFV_:tS 11443fc_tBTOC(I1FZO01) START 1(1t11/'2001 ENO 10/18rZ(X)l
_pTH U_-L_ SURFAC((FT) $TA_O,_RD

I I
-I I ,co

I I
-I I

I I
I I

-'4 I
_! !
! !

-I___l
! !

_! !
I I

.! I
! I

12o _1 I
I I
I I

-I I
I I
I I lO,O
I I
I I
I I
I I
I I
I I

12s I I
--I I

I I
-I I

I I
_1 I

I------I
I I

-I I
I I

_1 I
I I

13o I I
-I I

I I
J I

I I
I I 100

-I I
I I

-I I
I I
I I

-I I
I I

tas -I I
I I

_1 I
I I
I I

I I
I I
I I
I I

-I I
! I

14o --I I
I I
I I

LOCATION It,_rnplli Tonnc_

Di(JLLIhiGCONII.T_CTOR Tn_le Tes_ngSor_c,el {rw-

LOC_-,4:R JoyP_'k_ (J0w:obs)
SO_ DCS(._R_,TI(2_N COk_ll.NIS

DI-PIH O+-CASItqG(l_ll i LNGp,j_E
O¢)JLtI,¢G_ U_)t OSS

i'[STS,ANDWN__ NTATK)_N

c_,_ F_ ippm}

p_EN[ "r'RAII,i_N

TESI S_L N,_MEUSC_GROUP%_ COLC_
_IESLR.TS I*_C_TU_ECONTENTI_:IJ_IMEDIEPCCJT_

6"_'-6" 6" ORCONS_TFJ_y _ STRLETU¢_

d,_ remttao,_

HzO Sam_{s_ls

_25YR 74_v_y_ _l_e _ v_l so,t_ _ _t _wll_

_) a_a_o_e e.oo_iel_

31

17

S_rni:do c_lect¢<1I,J(VOCs



705 158

e CH2MHILL

pROJECT NUMBER

160492.SA 03 m.G Nurser MW-107

SOIL BORING LOG

PROJECT Loe_T_m Op_ atm_al Area_ - _ Deoot

ELEVATION 3,04 92 f_ I_S4. (TOe) 305 18 t_% M_L (c_l_xf)

DRiLLiNG M£I HOD ANt) EQ_IPMFNT USED _ Hoc_w Stem _J_ 4 25 inch rO _ CME Sa mp_
WATE_LEVELS 11443f_BTOC(11/_) START 1(_17r2C01 END 10t18/2C01

_CpTH 0¢LOW SURFACE IF I) $T_ SOIL DESC_If)_K_I

INT1ERVAI.(N) Pfd_c I_*¢. rK_l

RECOVICRY (%) fESI
_r','pF R1CS_t.TS

I
I
I
I

-I I
I
I
I

145 I
I
I

_1 I
I
I

1 I
I IC0

J I
I
I

I
Is°--i I

I
I
I
I

-I I
I

_I I
I
I
I
I

155 |
I
I
I
I

I------I
I
I
I
I

-I I
I

160 |
I
I

-I I
I
I _00
I
I

-I i
I

J I
I I

165 I I
7 I

I I
I I
I I
I I

.I---1

ORILLI,NC, CONTR._CTOR Tn ScateTe'_b_,So_s l_c

LOGGER _Park_ {Ja.oo_s)

c._i.xj mc_hod

_ pene_abon _es
re_J_

eK'_L_ U%CS C,ROt_ _ SYM_Ot. COLOR
MO_T_RIE C_rLN! _tAlr_ [X_N.4;JTY

o_ CO¢4_JSIrFNLY _ SfRU_T_JR1E

deplh to g_e_ _*ay C_,Y 5/1

BO_I,NC, t'cF,_4_ It L)_ T67FFFT BGS

¢,OMM[e_ S

_cP IN _ C_-%BN(, _IL LIN_ RATE

[:_ U_ ING FLUID LO_S

T[STS, AND tNSTHUMPNTAT_

Sa_n_e cok*_e<_ Io_ 10<:



7O5

CH2JVIHILL

PRO,.R CT NUMB[R _80RING NUMaSER

160492.SA.03 / M_N-108

SOIL BORING LOG

I>ROJEC1 tor_TeemOp_f_x_mad_=al_ _l_m'n_Oep__ LOCATION M_',pNS T_._,e

ELEVATION 303 07 le_ MSL 0"_CC_, 303 25._ MS__ (gw(_l I , D R/I. LING CO NXIP.ACT _ ¥ n State T,e_.19 .S.eev_es b,,c

ORILUNG METHOO ANO E(_i/PMENT USFO H(llow Slem A_g,ef 4 2S ix:h ro ",_10_CM£ S_

WAT£RLi:VELS 11321_STOC(ll/20G1) STAJ_I 10,'22/'2001 EhE) 10J'2_.r2001 LOGGFR

Ir_EpIH BEt C_N _A _ I-,t_,_ (F T) $TANOARD SOl_ (E S("I_PT _eW

Le4T[L_,'/_.,J_

_ECO_RY (%)

I I
I I
I I

-I I
I I

I I
-I I

5 I I
I I

-I I
I I

I I
I I
I I

-I I

Io --: II

! I
-I I
_1 I 10_

I I
-I I
I I

-I I
I I

t5 I I
I I

-I I
I I
I---I

_1 I
I I

_1 I
I I

_°--I i
I I

-I I
I I

-I I
I I
I I
I I

-I I
zs_l I

I I
I I
I I
I I
I I

-I I .x)
I I

-I I

30_: O!
I I

-I !
_! !
! I

-I !
! i

-! !

J5 I I
I I
! !

-! !
! !

I_ II_TK)N

RIESLI.T_ I/OCSI_R£ COhnISNT f_%_[AIIV'E {)[NSI]P_

6" 6%6*.6 " OR C(_E_srE)cCy _ S TRUCTURE

Used hoe, ew s_em

aue_*

chino meu_
no i_nelTab_l te_

resue_

(._y _AL T sa_e Jk$I_

_ayPa_ I_)
C(._iMENTS

I_:PTH Or CA._L_'; C_;_ILLI_G RATE

ORILL W_; FLUIO L_

7ESIS I_ II_'n_J_NTA l _IN

18

00

00

00

JEG @ 23 fe_t
porch_ watc_

15

O0

IO



705 160

pROJIEClr N UMSiE R

160492.SA 03

CH2MHILL

PRO.qECT Lor_l T_ _txm,al _e_ Memp_s_P._

EL_A'r_ON 3O307 feel MSL_TpC), 303 25 teet MS_ (_ou_J}.

so_ .U..ER MW-108

SOIL BORING LOG

LOCATION Memp_'s T_on,._e-,_-,_
ORaLLIkeGCONTRACTOR Tn Sta.teT_es_nq,_, kx:

_DRR.LtNG M_'HOD ANO EQUIPMENT USED Hollow S._m/t¢__ 4 25 inch IO w_h CME_ Sm'_ . _

WATFR LEVELS 11321 i_t 8TCK_ ( 11/2001 START 10/2"Z_CO 1 END

_¢pTtt GLOW SURf ACE (FT) SIANDARO

INTIERVAL {/- T ) PIEN_ 1RATK_N

_F CCAR:Ry i%) TF'_T

B//YPIE HESLR.TS

10./23/2001 LOGC4ER r P,_k_ (Jacrd_)

SOIL L_ e,CR 0J1 ION COMMENTS

I
I
I

-I I

40 _ II

I
-I !

!
-I !
_! !

!
I
I

45 --I I
I

-I I

-I I
I

I I
I
I

5o_1 I
! I

-I I
I I
I I
I I

-I I
I i

-I I
55 I I

--I !
_1 I
I I

J-----I
I I

-I !
I I

-I I

eo I I
1 I
i I

-I I
I I _0o

-I I
_1 I

I
I
I

6s --I f
I

-I I
I

I----I
I

-I I
I
I

70_ I
I

J I
I

-I I loo
I

-I I
!

MOI_TIJ'RE C(_NII:N| RELATIVE (_CNRI'i'_

C_ CC_IP-Jt_TIENCY SOiL SlWO'TIJ_

DEPTH OF C/_ING D_.L aN*G RATE

DRItLING FLUID LOSS

T_$]S, ANO IN S Tk1._CJ_ ATk"_I

LJS_l holIQ,w StL m "C_ SJLZ, _¢_,_ a_ i_ao_

C_11_ g rr_ thcxI _k_,_e_ i_ f'_ _ d,*mp _gr_/_o no_ pl,t_¢ ,-a_u_ eokj_9 _r.e Me_

re_tts 00

o0

r a v_ ._ _ bc_z P_rd,_ doom

00

26

SANO ?SYRS,_ ftne Iooe_ damp s_metob'_lce hne _'l,#p_Ld)_cs a_

#*x_e zc_os of mo_e q_ove u_ to 60_- 15%

00

"rAY b°ih,(,k mot0_ a_dm_t

_N[_ 2 5YR 8,'6 yelow fine Ioos_ darnel _,o_em to t_gce _ gtavelstpetR_u,

00

Sar<l _ so Ic<'_s.e sore u f_ll

_¢d ,_S Sa_l_/_ w_ about

06



705 16[

PRO._ C T NUMBER

160492 SA.03
CH2MHILL

PROJECT _Lon_Te,m O_ Area-. i_
ELEVATION 303 07 feet MSL _TOC) 303 2S_ MSL (.q_o,Jnd}

WATERLEVELS 11321 feetSTOC 11/'2001) START 10.r22,,2001 END 10/'2_/2C_1

lye ¥ TH BEt OW _AC._ (FTI STANOARO

=NT[.q_AL (F'_) PENE lIO, _k'_N

R(COV1ERY _) 1ESl

eo_ NUMBER MW-108

SOIL BORING LOG

LOCATION Me_p_$ Tcet_'_ce

D_ILLINC CO_ITrRACTOR Tn Stale Te_J _ I_c

[ C'_;GF R Jay p_rk_r (J_) - ---

I
7s I I

I I
I I
I I

1-----!
I I

-I I
I I

I I

I I
I I
I I
I I 10o
I I
I I
I I

-I I
85 I I

I I
I I
I I

1---I
I I
I I

-! !
I

90--I I
I
I
1 I00

-I I
I
I

_I I
I

9_ I I
I

-I I
I

-l------i
I

-I I
I
I

100_ I
!
I
I

_1 I 6o
I

-I I
I I

-I I
I I

lo5 I I
I I

-I I
I I
I !
I-----I
I i
I I
I I

110_ I
! I

6"-6"-¢_"

JSed ho_ow stPm

e,uq_

0.h'.g
_ pe_o_atK_,tes

res,P_

SOl. I_E SCRIP TK)N _NTS

SO_.NA,IVE USCSGRO_J,_ 5"YMSCX. COL_

I_II_I_TUI_E CC_TI_N| R_Alr_ |)_ht_llt_

_PTtI C_ _ I_LIN_= R_TE

I_I_ILL _ R.b_O LOS_

T'F _TS_ AND IN S T'R L,_4£NTAIr _

14

O6

O/a_ s_a,_ _'u c_ stQh_ by.c-carbon o,_ 6" bind AZ 83 5 rea_ng_
_w'_re 0 0/0 0

10

P_ SAND m 8t _o8_

oo

]t_vLq _- 5% I_ to T

1_4

San_l_ col¢-_od lot VOCS

_e_ Sama/e k_ ,_

PI20 Conta_ _ to

>e_d_- 100' O0

SAND l_oavebeo_m2 SYR _ fc,e ioos_ _zlqc_gm,_cup to 2"



" 705 162

O CH21VIHILL

.911,.
PROJECT NUI_ER IBORING NU_R I

160492.SA.03 MW-108

SOIL BORING LOG

PROJECT Lon(3Tem1(_e_36on._IAle3s Men_h_O_p(_ LOCATION M'Lm'tPhi_*T_rv=r_ -.
ELEVATION 303 07 feet MSI. (3"O(_),303 25 feet _ (_4ound} DRILLINGCONTRAC_rOR Tn St.R_Tcs_ Se_qces, _ .........

DRiLLiNG METHOD AND E_JIPMENT USE.0 _ S_em_ 4 25 Inch_EO_ CME _ .......
WAIEHLEVIELS 11321feeIBTOC(11r2001) START I(Ir72/2001 END IOJ23/2001 LOGGER Pa,kef(Ja_s)

XpT)I EI_LOWSURFACE(FT) 5IANOA/_) _]L OE_C,RIp| K)N C{3_aMFNIr¢;

N_RVAI (FT) PFI_ETRATION
R(COVlERY_k) TEST SOq.HAM( USCSGRCQPSVldGOLC,_.OR (_Ep_HOr CJ_LNGOHLLL_ ;_.IE

t/lr_pIE k_lR lr_ kcOI_TLA_ECON11ENT RELATMEOEk_ii'_ DRILLeNGFLUgDLOSS

ORC(_'_ $T(NCy S(_LSTRL_I1J_E IESt$, ANDIk_TRtJ_4ENTATK3N

I
-I I

I I
-I I

I
-I I

115 I
I I
I I

-i I
_1 I 50

I I
_1 I

I I
_1 I

I I
I;o _1 I

I I
I I
I I
I I

-I I
I I
I I
I I
I I

-I I
! I

t25 I I
--I I

I I
-I I
I I

.I I
I----I
I I

-I I
I I

_1 I
! !

I
t3o _: I

I !
I I
I !
I !

-! !
! !
! !
I I

_1 I
I !

135 I I
I I
I I

_I I
I I

I I
I I
I I
I I
I I

-I I
I I

14o --I I
I
I

6"6"_' 6"

_N7

U_O_holk_ws_'n

drd_g rn_n_c
nop_e'_tol te_J

_A_O SYR 7/I _g_ _ _ fine _rd _ to_Jme.d, um _ _1

b_1_ray 2 5Y_ 7r2 f_io,'n,edsJm loose wet



' 705 163

e CH2MHILL

_CT NUMBER |BORING NUMBER

160492.SA.03 J MW-108

SOIL BORING LOG

PROJECT LOr_lTeCrr*_.w_l_A/o_ i_mph_D_po_ LC_ATI(_ I_111g_,_ I_1=r_L_TdN.

ELEVATION 30307f_reIM_.(?OC} 303?51eelU_L.(_rot_l) (_II LINGCONTRACTOR Tn_teTes_nqS_lces Irtc
OR__LINGMETHOD AND EQUIPM_t_T U_ED _tolk_ St_ A_ 4 25 r_h ID _ _CMESJn_x_r
WA_ERLEVELS 1_321fee_STOC(llf2001) START 1_1 END _0_3rZ001 LOGGER
_pTH _L L,'e_/SURFA_F(rT) $T/_*x_UAR_ SOL _ _C'.:R_TK_N

IslTUc_/AI.(FT)

_FCOV_ry Iv._
#/TypC

I I
I I
I I
I I

4 I
I I

_1 I
I I
I I145

- I I
I I

_1 I
I I
I I

I I
I I
I I
I I

1 I

I_ --I I!
I I
I !
I !
I f
! I
! I

_! I
I I
I !

-! I
I !

I_ _1 I
I I
I I
I I
I I

I I loo
i I

-I I
I I

-I !
I I
I I
I I
I I

16o _! I
I I

_1 I
I I
I I

1 I
I I
! I
I I
I I

-I I

165 --_ II
! I
I !
! I
! I

! !

I I

TEST ,SOLN_U_ U_SG_OUpSyMBC_ C_O_

6"_'_'_ _ CON_STE_y _L 5;R_CT_RF

IK_p_no_a_ont_

CC_UM_NT$

I)_P1HO_ CA_LNG ()pJLLON<;RATE
DI_LLLhK_R.uIDt C_-_'_

TIES|$,/_ _'_TRIR_41ENTAT_

=;m_e r_e_ _d kx TOC



705 164

e CH2MHILL

PROJECT NUI,_ ER I_RJNG NUkI_ER

160492.SA 03 I MW-108

SOIL BORING LOG

PROJECT Lon_ Tc'cm C_;_.o_.ll/yeas _%., I_._ Depo(

ELEVATION 303 07 _uet M SL_(T_OC), 303 25 _leel _ (qround I

DRILL JNG METt fCHDAND EQ_J1PMEN*r USED Haiow Stem Augee 4 25 m,ch ID w_,_ CME _
WATERLEV1E.LS t1321fec4BTOC tl/2_01) START 1CU22J2001 ENO 10C23.t2CO_ m

)EPTH L_Ct<)W SURf ACJE{El) ST_RID

:_'¢T( RVAI (1"I)
q

_cov_v _1
WTYPE

I I
I I

-I I
I I

170 --I I

I I

I I
-I [

I !
-I I

I I
_1 I

I !
I I

-I I
I I

'_75 I I
I I
I !
I I
I I

-I I
l I Ioo
! I

-I !
I I
! I
I I

18o _i l
I I
I I

-! I
I I

-i I
I I
I I
! I
I I
I I
I I

IO5 I I
--I I

I I
-I I

I I

_l___l

PEN_TI_TK)N

TEgT ,SCI..sI_F _$ GA(X_' s_'1_IROLC_.(_IR
I_1-$4_.1S I/OIbTU_E CO_TtNT I_t AI/';IE I_EN_SI'r¢

6"6"_" ORC_4SIENCY SC_ STI_T_._£

LOCATION M¢,_'_ T_sme

DRILLI_; CONTRACTOR Tn_ Te'_r_ _ tnc

LOC-G4ER f Paek_ (Jac_)

COMM_NI S

0TopTH C_- _, URiLLING RAT[
C_RILLING Ft UID LOSS

TIEC;T_ AND It_IRUM(NTATK)N

t(r<_anatE O @ _$7 rE(t _,S

195 --
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Attachment 2 - LTOA Well Completion
Diagrams



705 166

ROJECT I_e.JM B E R

160492.SA.03
CH2MHILL

LL N U IdOE_y..8 5

WELL COMPLETION DIAGRAM

I:_ROJE{_! L_ong TL_rm Opel a_ M Aa e._ M,"_xZ D_pol

DRILLhNG CONTRACTOR "rr) S_te Te'_.n_ Sese_h_, I_C

ORII L_ ME NIOO ANO E C_tlPME N1 U,_4: D Hol_w St _ .t_er 425 inch tO _ff_ Ctt,4E S._*ctc_w

WATER LFVELS 99 g7 f_ BTOC (11r_1) START (3_ 18/21;X) I

SHEE! 1 OF I

END O9/19,"Z001

LCCAIFON Me_ Tennessee

LOGGER -J_ Pazkee (._oe_s)

I

I • _'J

No_ Diagram not to scale

m_l _ pat _P_ r,t, iected dum, 1 weg _ew't'.pr_'nt (11A)I/P_01)

pH= 137

con_JCtXv_ = 0 159 mSJom

t emFe_ox_'e = ?? 93 °C

D_'.soived Ox_te_ = 4 _8 mq, S

TU_KI_ = 40 NTU

P 114,_71 _l'J_l..%'hrn_ 7_ MW OD_SlroC't_n dl_._r_¢_ LTOA _01 x_ 0 I114/_02



705 167

e CH2MHILL

PROJECT NUI_BER

160492.SA.03 SHEET 1 OF I

WELL COMPLETION DIAGRAM

PR._O__C_1__ Lo_l rermOperattot_k'ea_ M,_Depol

DRrl.LING CONTRACTOR Td-S_ate Tesl_g_ _,_*_.es b_c _ _

(_II UNG _D_.D FQUIPME N7 USED _ S_ern_A_,_r 4 25 m_ ID ,i,qlhC MIE __ _ _

_t/_'EF_ LEVELS 96 27 f_ OTOC (11FZO01) START 0tJ_18,/_ I

LC(:A T K)N _ __M,_m_13__1_

END (_3/21/2Cq) 1 LCC'C_R Adam _ (Ja<x_'$)

I- C.a3u,r.deteva_¢_ at well 304 89 feet MSL

2- Top _ c.ee_.g eleva L.o_ 304 35 f,e_ MSL

3- Wellhead pcotecton cover type F kt_.h m_ont v_tt_

a) dram rut>e? no

b) o_Jele f_J dtme_-.*o_ _x3nx6m

4- O_aJ'_l_e _ w_tt cas,_g 2 ¢<_ $4:_ 40PVC

5- Tylc*/9o( stze ol _eer, 24n<:_ 0 010 dolt e<f PVC

6- Tyl_ scre¢_ _ #2 'rJet ,sand

.) o,,_,_ u,,.ed

7- Typ_ o_ sea_ Be_toc_e ctl_o_

8 G_o_

a) _ ,r_ ._se4 90% Po*_ta,_d C_c_ 10% _nlonrle pov_e_

b) M¢_o_ o_ p_a<t.,ment Tre,rn_ Me,cho_

c)Vol ol wel c_tsm_ g_o_t

OevdQp_e_t .wthod S_,_ & Ix_mp _th e¢*e,le,cu'_<_ _fu,_

tpe_ brae 2 5 hovr

Fs_mated _9o _ 3B 9_o_ s

x(xa_ D,'.l_ (SGS) = 1175 fe_

t trial tT_,klp3fa,mtqe_,_ cohered _ well deve4o,_f (10/31/7001 )

p,H- 638

co_Jc:t_ = 0 139 mS/cm

I_nF_r,_lule - 27 5,_ *C

[kss,0,'_,,d O.r?_.,,r_ - 5 _ m,_

Tud3,_l_y = _2 f4TU

pI14t_011_r_.'_JC_t>_mt_2 M1N_0_t_._*dl_dl_llw_it LTOAC<I,_X)IJlS 0UI4/2_X)2
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OJECT NUMBER

i CH2MHILL 160492.SA_03

P_CT Loo9 T_m O_k_r,MJof_dASe,l_ M__ Oepo(

_ILLING C_T_ Tr_-S,_o T_,_ ___ Inc .....

DRII LING METHO0 AND EQUEOMEN / USED H<NlOw_e_n Au__ 4 25 _r_h ID _ (.'ME Sa_
WATER LEVFt S 80 90 resetO l OC ( 1lf2001 ) START _1

LL N4/k_4E RMW-88 SHEET 1OF 1

WELL COMPLETION DIAGRAM

LCK:AIK)N _ s._!e_ne___ee

END O°J21FZO01 LOGCAER Jay Packer (Jacobs I

N01I Dla,]_Lm cot io IcM_

F m._.1Kr_ par am_ L'_S_e_ _ well _ve_?me_ (I 1/OZ,'2COZ)

pH- 710

c,_= 0 280 mS/ore

lemp_r aAure = 26 33 *C

T_ = >IOQO NTU



705

PROJ EC T NUMBER

160492.SA 03

CH2MHILL
ELL NUUE,E;W_9 2 SHEET I OF 1

WELL COMPLETION DIAGRAM

PROJECT LOl*,9 Term Opefa_ _Areas _Me_pl__ 0_4_ ...........

DRILLING CONT_J_CIOR Trl .._,ta_e Testmq $4_V¢I_ Inc
_RU _ ING MET_Hq_ AN_ E:QUI_r_E N3r USF O Hc_l_w S_ AzJ_ 4 2_ ir_Jh ID _ CJ_= S_'_

WAI ER LEVELS 96 75 levi B 10C (11/2(_ 1) SIAER1 09/24/2C01

LCCAIION _ Tennesse_

END 09r24/2001 LOGGER Jayparket(_ _

No_ D_tim nol to e_._le

1- G,m,utzd elevacor_ _ _t 304 78 leer MSL

2- TOO Of_T,,lng ¢4ev_Jon 30441 f,_et MSJ.

3- We0head protoctK_n Or_v_rtype FkJsJhmo_4 vault

g) dram tube? no

b ) C_ Kxme p,_d _mzens_ons 3nx3_x6zn

4- D_a/l_0e _ wea casing ? inch Sc_ 40PVC

5- I y1_els_ s_ze ol sctee_ 2 _¢h 0 010 sk_Zed PVC

6- Type s,:xeen 6iler ¢r2_ sand

a) O,_a,-_b" usee bags

7- lype o_ seaJ OenCo_e r2,_s

a) Ouam_ use0

8- G,,o_

b) M etho_ _f _ T ¢.L_n_ M _Ntto_

¢]Vot of we4l c._smg g_c_t

_ k,_e p_np

Devek_ment br_ 3hour

Es'arnated purge vo)urne 45 qaaon_

Cormnenls TcCal _ (OGS} = 10_ 5 leel

C43_'34_e(I ba Se_l On L ]OA WOI_L,J_ _20_ I_S_t'_.._t_or t$

Final _ pm',_rn_t¢_ O_k'c_Pd du_m_ we| d_'_¢_ t (10./31 _ 1)

p4= 634

¢c_nd_<_*y _ 0 170 mS,ore

k'_peta tu_e = 24 58 °C

_ssotve_ Ox_*en = 6 34

T_= 74NTU

p_t4,_71_n_n12 MWC_D_I_2_*_ LTOAI_2_01 =_ 01/14/2_
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CH2MHILL

PROJECT NUMB_E R

160492.SA 03 SHFET 1 OF 1

WELL COMPLETION DIAGRAM

PROJFC1 I on_TerT'nO_¢_l_ Ar_s M_O_'_ot LOCATION ___.1_11__s Te_G'.es_

OHJLL I_NC,CON_[_J_C 10 R T_ Sl._e Tes L_g Se_ Ir_ ..........

ORIL LING METHOD ANO EQUIPMENT US.EO HQ_k_ Sleen Auge_ 4 _ inch ID m(h CME S_ee

WATERLEVELS 10245_BTOC(1t,'2001D START 0_2_t FNO 0_'27/200t LC_GGFR A_ml_,_e_(J._s)

Note OI41gTacnr_t to SCALe

1- _ eZe_MJon al wel 29431 f¢_ MSL

2- Top of C3smg e_vatol 294 0_Bfe_ MSL

3- Welhea4 p_o<ec_or_co,,er I_pe Flush rnou_ vr_l

a) dv_ tube? rio
b) o_ele pa4 _rr_e_s_ons "_x3_x6m

4- _aJ_pe(_wel casing 2_ch SC_ 40PVC

5- Type_s_ _ze of scxe_n 2 ¢,ch 0 010 s_led PVC

6- Type so_ f'_te_ #2 _er sand

a)_ar_y us_

7- Type _ se_l Ren_on_e _,_

a) Ou._ used

8-Gm_

a) C,_oul rmx use_ 90% Poland C,m,J1 _0% b_ntor',le _

D.P'vc'kCcneN n'_lhod S_uf_e & pump _h _,_ eleclnca4 c_mr, fu_o4

m line pump

Deve_opcn_t _ 2 5 hc_ut

Estcna m4 pu .J_evok.me 38

C.omrne_,_s Tc_r I_ (P.GS) - 107 5 fe.e_

ComP_l_ _ _ LTOA_ (2C_ 1) s_s

F'm,_ t_ p_r_m_ters _ dural well _st_orner_ (10r30r20011

pit= 610

conduCdM_y = 0 145 mSJom

lectzp_ a4_m = 23 72 "C

D_sso_<_ Oxygen = 68S rn_

Tud)_cy = _0 NTU
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e CH2MHILL

PROJECT NUMBER

160492.SA 03 S_tEE1 1 OF I

WELL COMPLETION DIAGRAM

PROJECT Long Tertn Op_aLonad/Vea S M_ Depol

DRILLINGCCqNIR._CTOR Tr_ale'le_ncJSc_rces bx: __

DiqILLING ME THOD .'_;) EQ_JBPMENT USE D I_lc_ ,_m _ 4 25 I__ _10 _,_ CME .%'_

WATPR LEVELS t07 07 f_ BTOC (_1,'2_1) $T,_T 09_5,_1

m

_m

i-

Note Dmgram no_ to scak_

1 - GleO¢_d Me*re'on adwel 2_ 95 fo_t MSL

2- Top of casm,g elevallon 2_ 94 fc.el M_,l

3- We/l_ ead pro¢ec_ cover lype FkF.h m_l va_fl

a) dram _? no
b) o_-_ece pad e_r_en s_ 3;_x3_x6m

4 - O_aJ1y¢_ of weil casing 2-m_*_ Sch 40PVC

5- Tylxd'J,x _..e of soee_ 2 kch 0 010 s_:led P'VC.

6- T)lx_ screen N1er ¢r2 N1ef sand

a) (3.._I,_y used ba_p

7- Tyoe of seal Be_mo_de dlcps

o)o_a_rJyuse_

8- C_c_Jt

b) Method ol placement Trc_nmeMethod

c)Vo* ol u.PII ca_n9 g'rout

Oeveloc,mem _e _nd

Esl_r_t c,_JGcage vobJ:me 5 _l_rl s

C_,v_PN._ Total _ (BC.S) = 111 re.el

Fmad _ _e[_ _ duu_ I well devet_ {11119.r2001 )

pH= 589

= 0 310 mS/cm

temp_a_-_e - 19 _ °C

D_,_olvecl O x-tRr_ = 5 ;_mq_

T_ = • 999 NTU

p _14.607IVogsV4JS_e.m 2_ k_* ,_w_,_._r* Ou_rs,m,s LTC)AC_Ol xts o t/1¢P2_oo2
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O I
Fzu_ _M_;W.9 6

WELL COMPLETION DIAGRAM

PROjCT Lon 9 Term CX_era=o_,,_Areas Memp_ _Oepol

_DRII.LING CONTRACTOR Tn S¢_e T__t_2Se_-_ces I_c

_0_.IL L_NG ME_HOO/_D EQt JiPMENT USE D t lo=ow Stem A___ 4 25 _,h iD _th CME Sa,mr_
WATER LEVFL S 83 02 le_ RTOC (11/20011 START 0_'27t200 _

SH__Lr I OF 1

EN¢) 09_1

LOCATION M _u,_l_ t_r_._s_

LOC-,C_R Jay Parke_ (Ja<obs)

I

Note _ no_toscMe

1- Gn:*und Plevatmn al well 289 67 feet MS[

2 Top o( c_sar=gelevatKJn 289 02 lee( MSL

3- Well_ad _ec_¢_ covet _ Fl_h mou_ va¢_

b) o0_oete pad _so_s 311x3_Ix6m

4- D=a_!_e o4wt_llc_s=ng 2_.d_ Sch 40PVC

5- Ty_e/tJo_ ._ze c4 r,_re.on 2 _ch 0 010 skied PVC

6 Yype screech Nl_r _r2 f_e_ s_

a) O,a_nu_ t.sed 10_p

7- Type oL s_l Bentc_de o_ps
•1) C,_u3_h_ US6<_ 2 Ixtck_t$

8- G4O¢_

a) G'o_Jt m_ used 90% pcc_tnd _ 10% ben_de po_,Oe¢

¢)V_ ol wea Casm_ _o_

m _ne pump

Oe_iopn'_t _ 2 75 hour

E_,_ plJrge _ 41 q,3_o_s

Comm_nt_ Toed (_i_ (OC.-_) = 96 feet

based_ LTOA_o,_p_=_(20011_ _u,_s

F'mal r_o p0s'an'_ef s (,c_._ e_ _uon_ _ee.IIC¢-vek_,m_nt ( I 0t30/2001 )

pH= 728

oonduc_m_y • 0 382 m.C_'cm

tec_ature r 23 92 *C

D=sso_od Oxy_ - 4 B5 mg/I

T_d)_dy • 92 NTU

P _t as_71"_VM_lc.h_,e_l 2_ MW _ d=t._t_ e TOA G9_001 x_. 01/14/20_2
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O CH2MHILL

PROJECT NClMBER

160492 SA.03 [N[LL NU MSE;W_9 8

WELL COMPLETION DIAGRAM

PROJECT LOng To.n _al _'e_s Memphcs De_

ORrL t ING CON IRACTOR Tn__t_e Tcstm_ _Ser_=s _c

DiR,_ t ING MFTHOO ANO EQUIPME N T US_ O _ Sl_m Au_¢_ 4 25 _ch ID "m¢_(.ME ._pcw

WATI:R LEVFLS 102 00 f_ 8TOC (11/2001) START 10_1r2001 FND 1C_4/2(X) 1

LOCATtON _s_lp_l_ T _

[-_

No_t. DI,e_¢l¢_ not Io IcJgl

1 - Gcc_.n_ e_eValm_ z4 web 294 93 feet MSI

2- Top oa r.as.f_ elevabon 29443 le.et MSL

Weltte._l plOt.%on oo_r type F_Sh m_mt v_

a) dr_ tube_
b ) _ele p.=J d=_._ons _x3nx6m

4- Ota_eo4_ql cain9 2 inch Sch 40PVC

5- Type_tx .s=ze_ sc;een 2_<:h 0 010 skied PVC

7- Type o4 se,_l 8_to_'_te ch_s

a) OuamLey _ bags

8- C_

a) C_o_t m¢_ u_ed 90% poclLa_ C.tout 10% I_lond¢ _

b) Method of p_rr_t Tremm Me_d

clVN _ w¢"_ casa'_gg,'out

Deve_oornem t=m_ 5 5 hou_

Estl_a_4 purge vok_ 132 _ll,ons

Comme_ To_al D_ (8CS) * 147 5 feet

Fm_ f_e_kJparam_lers c_ect_ du_q _ d_,vc_pm_l (1C¢25/2001 )

pH= 65t

cond_ct_'y = 0 245 m._c_

tect_pPmturo = 21 85 _C

D,sso/ved Ox_pn = 5 42 m_

Tudo_l,ty - 18 4 NTU
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[CT NUMBER

O CH2MHILL 60492.SA.03

._P_CT LongTe.nOp_at,on,Jl_e_s Memp_._Oep_X --

DRILLING CONI_RA_CTOR_. Trl _ Tesbnq Se,-_s, k_c

ORll.LJNG METHOD AND EQUIPMENT USED Hc)Oow _ ._u_l_ 4 25 mct_ ID _,%11CME Saa_/,_ __ _
W_,--TEF_'VTE L _) 101 25 fee_ OTC_ (11r2CO1) START I 0.'01£Z(]OI

WELL COMPLETION DIAGRAM

$111EET I OF 1

END 10_3.,'ZO01

LOCAllC_ Memph_ Tem_OSSL'_

-m-

LOGGFR _'_m _ (J,ac_ I

Note I)_l_'am nottoscale

1 C_ound e_vatcm _ _1 297 70 _et MSL

2- lnpo4c;L_ngelevatfon ;)9?44 k'_ M._.

3- WOmhead ;x0(_mJo_ _ _ F krs_lrr_mt vault

a) _am _be? co

b ) conc7ete !:_cl a._,flsx>ns _x3nx6m

4- O.anype _w_lc_smg 2 m,cS_Sc_ 40PVC

5- T _e/s._ s_ze o_screen 2_,_ 0 010 stoned PVC

6- Ty_e _e_n _ #2 _ s_'u'xJ

7- Type _ .,e._ Boron _e d_=r)s

a) Ouant¢_ u_s_ bags

a) C,*_Jt mix used 90% Pc*_a,_ _r c*Jt 10% bec4or_e po'*qx_m

D_ve_o_m metho_ ,%_e & pump W,l_ a_ electn_l cencr_wal

m IW_ pump

De_elopmeN brae 4 hc_r

E _ pimp" vokJm_ 72 q.'tI,_s

Comm*mts TO_ P_ (P,_,S) = tlRf_

p_]: 641

condu_ = 0 162 m_m

lempeTaiure = 21 14 "C

D,st_v,_ Oxygo_ - 5 mq/t

Tud_ = 19 NIU

p_I480_'tI_O_V_I_Chep,_n(2 M_*_.,_ LIOAOg_00tzP* 01114/_'002
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PROJECT NUMBER _Vol_LL NUMBER

160492 SA.03 | MW-99 s_eet 1 _ 1
CH2MHILL

"q_ WELL COMPLETION DIAGRAM

PRO_JE_C__ Long tem__ _OIp¢cat_adA/e_l-M_l)¢,l_

I)_JI [ liNG CONTRACTOR T_._tmo T_r_tn_J S4br,,I,CI_ [no

DRI[I ING ME Th;OO AND EQUfPMENT USED Holkyw Sle_ Au_ 4 25 inch ID w_h CME $_
WA 1LR LLVLLS 89 60 feet BTC_ (11f2001 ) START 10JOrJJ20_1 END 10/08/2C_t "

LOCATION M,_mC)t_ TO_'.S4__ ---

LOCCI:R Adam _ (_ 1

3\

No_e OMtg¢_ n,ol Io _

1 - C_our(I eZ_.ahon ot well

2- T_p of C,_s,r,9 e4eva_

3- We_ad I_e¢t_ cove_

a) d_a,,n I_be "_
b ) C4_¢tete I_d darnen_x_¢_

4- _ _ype _ _ell _s_g

5- TypedsJo__ze _ _,aee_

5- Type scx_ _r

a) C_anbTy use<l

7- Type of se.ll

a) G_,_ used

a) G¢0_ rn_ u_l

¢) Vc4 of _ ca._g _c_t

Es_J'nated _ volu,_e

Cocm_nts

285 69 fe_ M_.

285 _3 f_ MSL

Fk_sh mou,_ v_ufl

_x3Rx6m

2-inch S,_h 40PVC

2 _¢h 0 010 sS0_ed P'VC

9_

4 s gaJk_ex:ck_ 2 S_a_s

90"/. putl;lrKI CA'O¢ 10% b_n_u_e p,eb

9b,_
Ticm_ Method

_ s pu_p mm m ele_ncad ce_BI

m bne pumjp

4 5 ho_rr

81 q.'#,o-s

F,na_ 5ek_ parar_te_ o_eck_ Ounnq we_l _evetopmem (I O/2_X) 1)

pH- es7
co_: 0 173 r_%'cm

T_t_y - 7 9 NTU
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e CH2MHILL

PROJ*EC T NUMBER

160492.SA.03 Atl_L L NMW.100 SHr.EI 1OF I

WELL COMPLETION DIAGRAM

PROJI:C T Lon9 Teem Op¢_ a_onal/_ eas i_ _D_-pot

_DRILLINGCON_RACIOR TnSaate_Te__S_r_ces _c

i_RILLING MIETHOD AND EQUIPMENT USED Holow Seem Auger 4 25 mob _Dw<t_ CME Sampl_

WATF R LEVELS 92 98 (eel B10C ( 1lt7C_1) S1ARr 11115t2001 END 11/15.r._O1

LCCAnO_ _ lenness.ee

LOGGER Jay Pa_e¢ (Jao_)

I--- '1

D*agta,m no( to scJie

1 - C,,cend elev aU_n at weO 291 60 leer MSt.

2- Top _ c,,'z_n,g_al_n 291 (36 fecq MSL

3- Wcll',ead _:_c4ecC,on o_r 1y'pe Flush _ v,_l

a) re'am z,,_e? f_
b) concrete pad ef_ensc, ns 3nx3nx6rl

4. DL,I/Z'/!pe o4wel casl_ 2 ¢K:h Set, 40PVC

5- Typ_s,_ s_e _ saeen 2 ,rich 0 010 s,k_ed PVC

6- Type soree_n N1_r 112I_ler r,_nd

a) Q,uan_ u',¢4 8 ba_

7- T_e _ se_ Bento_ee ch,_n

a) Quarry us_l 5 5 _p"d_onb,J_k¢,_

8- C,_c_e

b) M ¢,_:od _f pce¢_',me,m h_m,e Merhod

Oeve,lopn_,eet ta'_e 25h_M

Estc_ated purge vo4ume 45

C4xnmer¢,, Total De_h lOGS) _ 132 5 feez

F_ _.'ld p,_;u_e te_ ¢okctPd d_Jnn_ w_:t developmec, t { 1I/1 oJ_gg 1)

pH= 53_

c_',4uc_ = 0 $8? mS,Sc_

IC'¢n_a_J_e = 20 06 eC

TU_d _* = 95 NTU

P 114,_ ZI_o[Is,A_Jchr_et_ ;__k4V1consCr_c_n ds._p-am_ t TOA O_OO t jets 0111_2
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CH2MHILL

LL NUMBER

F MW-101 SHEET I OF 1

WELL COMPLETION DIAGRAM

PROJEC [ Lona_T_e_ 0 pc_attoP_ _eas - _ o_pot

_ILLING CONll_AC 1C_ FN_a_O¢_ _.C_,e_oa/_,n

DRI[I aNG METItOO AND EQUIPMENT USED RoZ_ (4 and 6 m,o_ c_sm_)m.m-
WATER LEVIELS 120 43 f_ BIOC (11/"2'_01 ) SlAnT 11 /14/'J'001

m -
FNID 1tI14FZ(_I

LOCATION M_ Terme_._

LOGGER Jay Pa,r_ (J,_obs)

I_ "1

Note KN_Hr_ r_ol to t_:Mt

1 C-zoLJr_le_"va_lon ot wel

2 Top _ casx,,g ekev_bon

3- We,l_ e,a<Jpr,:xecto_ cov,er t'_e

a) dram tube'_
b) co*_o eIe pad _s_

4 O..a ,_-_e o4 wd cae,..ng

6- T_p_ _.o'e_rl file.'

a) OuamLCV._sed

7- Type o_ semi

e) Quanl_ used

8 C_out

b) MeO',od ca 1:4ace'rne_

c)Vo_ o_ _:1 cas._9 9,out

De_ method

291 99 f_e4 M,St

29t 70 fee_ M,,_.

Flush m_mt vaul_

no
38x3_x6_n

2 inch Sch 40 F'VC

2 m_h 0 010 skmed PVC

12 NI,e_ s_nd

b,'_as

Bc_o_e cf_s

90% _ Grout 10% be_tonr_e po_er

Tremm Method

_s _ (IBGS) = 142

F _ _k_ p_r,_n'_le_ cdle_ed 4un_ *el _vel_p_em (1_1 }

p_t= 609 603 62

c0,n,dud _y - 0 223 0 232 0 242 _rn

i¢_rflp_ tuto. 1939 1921 1881 *C

TuRkey = 96 106 50 NTU
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OJECT NUMBER

160492 SA.03
CH2MHILL

[_WLLNUI'e_E;w-102 S_FFT I OF 1

WELL COMPLETION DIAGRAM

PRO_JFCT LOi_llc_mOpe_4_i_4AJeas M_Oepol

_¢LJNG_CO_TRACTOR Tri-SLa4e I_ _ Inc

PARJt LING ME IHOO ANO EQUIPM[NT US_= O HrAO_ Stem Au(J_ 4 25 _ iO w_lh C_E Swr_¢_

WAI LR LLVIELS 110 78 le_ BTOC (I Ir2Cct ) SIAJ_I I II_4t_00_ END 11/14Q001

LOCATioN _ I_

LOGG_ R J,'W Part m ( J _:o1_)

Note D_gram r_4 to sca_

'\ 1 - Ground etevat,on al wd 312 07 k'_t MS_

2- Top Of _l_an g ,e.lc_auon 311 40 f4_t MSL

3- WeOhc a_ pro( eC_K_ c_ type Flush r_ocmt veAJ

a) man lube'_ ro

b) ooncf e_e pod 01m_nsK_ns 3"_x 31q, 6m

4- D_'l Ay pe o1 wel c.e_n 9 2_nch Sdl 40 PVC

5- Type/_Jo_ s=z¢ of soeen 2 ¢d_ 0 010 stoned PVC

6- Type s(_e_n N_w #_ N_e_ s.'md

a) O_Ja_t_ used bag_

a) E,_ut rrex us.ed 90% Po_b._,_d C,_ccq 10 % bent o,_e po,,wJ_

b) Mcff_xl 01 p_t _'mL_rd T;etr_ MUJP¢_

c) Vd of we41 c_m 9 9¢ u_t

_, p_p

E sl_'*_t ed p_m_e _ 48 galo_s

_ts loCaz Oep_ (BGS) - 143 fe_

pH= 60;'

temf, e_arum = 1968 *C

O_sso_ OmiRen • 554 m<p

Turl_d_ = 319 NTU
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CH2MHILL
._LL NU._l_W.10 3

WELL COMPLETION DIAGRAM

_{FFT 1 OF I

PROJECT Lo_retmOpemuon._IAreas MempP_Depo4

DRILLINGCONTRACTO_ Tn,_dteTesL_g_c_*ce_ kx:

DRIL l INK; ME THOD AND EQUIPMENT USE 0 Holo_ S4em Au_'_ 25 _h R) _¢h C_E S_np_

WATIER LEVELS 69 43 k"_ RTOC (11t?001) START I0/I 5T2001

LOCAflC_N f_ Tennessee

....... L-OC,GF_ -;_-_,_ (J_T -

Note D'_ignbm _._ to _Jle

1- G_otmd etev,_Jon at _ 301 90 fe_ MSt

2 f O,pc4_ ek_abon 301 35 leer MSL

3- WeCP,ead pro_ecton o_'_ type Flush n',o__ va_l

a) dram PJbe'_ r_
b) o_r_Je,te pad o_l_ns,lons 31_x311x6m

4 D_Jlypeof,_,e,_c_",mg 2ex:_Sch 40PVC

5- Type/sf,0t _Je of screen 2 *mcJ_0 010 'Ooee(f PVC

a) Ou_tt_y use<l

7- TyT_ _f _"al Be,nto_nitect_ps

a) Q__.'m,,cf used b.',.gs

8- C_o_

Ol C4c_4 rrux u_ _0% PO_1_,_cJC_JI I 0% b_n to_4_ po,/_J¢_

b) Melhocl o_ !0¢acen'4m_ Tf er_.

Drvrk_ment n_e:o:J S_,ge & ix_np _ an c_',_s¢_l c_a_,_

m kn_ ptm_

Oeveioprne_ I_pe 5 5 hou_

_nls ToCazl_.,_4h (BGS| = 93

Co¢i_;:_ete¢l ba_e*J on L TOA wod_a,n (PC01 ) _ s

p_]= 624

co_= 0 462 rr_S_'_n
tempetaau_e = 21 24 *C

Tud_ddy = 6 3 N1U

pIt#J_71_'JUt_c._n_.m_2_Mw_o_s, ul_lzm_m_ L TC.ke_/O_l MS 01114/'¢_12
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PROJECT NUMBER _WELL NUMBER

160492.SA.03 [ MW-104 _EET _ _
O CH2MHILL

WELL COMPLETION DIAGRAM

F__OJECTLong"re,_C',pe,_T,o,_,ea_ M_DeSxX _ _ tOC_AT_C__ Tennessee.
DRILl IN(_ CONTRACI"OR |n Sr_L_ Tes_,<J _ InC

DRILLIN'G I_E I t KX) ANO EOUIPMENT USE D H,o/low Stern Augpr 4 _5 ,P,ch ID ,_¢h CME S,ar_

WA'FT=R LEV1ELS 63 01 fc¢_ BTOC ( 11rZ(X)I ) START 10/1'S,r2001 END 1O/I _'QO 1
LCGC-F R J ay Pa,_" IJa¢ol_ )

NO_ Dla_ ra_rnerie Io ll¢.a4e

pH= 625

OOnOUCCM_ = 0 426 mStcm

lem_e = 22 63 °C

Drssoeved Oxyr/en = 2 25 mq,1

Turl_h _' - 35 NTU
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e CH2MHILL

PROJ1ECT NUMBER

160492.S/_03 F_L _.BMW_107 SHFFT f OF 1

WELL COMPLETION DIAGRAM

PHOJECT to_ 'learn Oj)er_a_r'.al Aseas_Mernp41_ Dep04

DRtL L_NG CONI"P, ACTOR Prosonlc Co_oorabon

DRILLING ME THOO A.ND EQUIPMENT USF D Rotos_x_: (4 a_d 6 inch c_r._)

WATER LEVELS 114 43 feet BTOC 111/'2_ 11 $rN_T 1CUB7f2001

Note Dlagrw. no( to sr.akb

LOCAIK)N _ Terv'w_

LOGGFR J_ Parker _Jacobs)

1- C.*ound ¢¢cvalm_ a4 well

2- T op o_ cm, mg e4eva L,on

3- WeOhead p_c4ec_on cow_ ry_e

a) d_ kJbe?

4 Om_ype o_ wel _

5- ¥_e/_c4 _ze o4_e_n

6- T y!Pesa P_n f,dl_

a) C_y use4

7 Type o4 s_a_

a) Qua_my u'_ea

a) C.rout mu u_ed

b) Melhod oJ _ment

c) Vol of wel casccJ g_i_Jl

305 18 f4_t MSL

304 92 f/,_t MSL

FkJ_h ncK_

rK)
311x3;_x6m

2 _;h Sch 4QPVC

2 _ 0 010 sJ¢_ PVC

12 Nt_r s_

_js

90% Po_g_d C-'ou_ 10% bec_o_4e/x,,wder

Trerl_ Me ff:od

S. tge & ix,._o _._ _ etc,o:Cal cerW_u,_l

Ue_ z_,e 1

Est_r, aled purge vok.v.e 48 _s

_t_ 1_40ep_ (BGS) = 167

Completed ba_ed on d_'o'._on by TOEC

Final ;rmldparart_e_e_scoll_Pd dqjnn9 wd d evet0_enl {12/24f2001)

Upper Lo_e_ (S(',rl'erze_ Int

pI- 630 623

o_vJuclr. W - 0 168 0 167 rn_

lempe_'_re r 189 186 _C

T_y = 214 2'_7 NTU

p t14807 t_x_'JUl.l<,flll,L._ 2_ MW ¢on,utu_xx, ¢f_4_,a.r_z L 1_4_ _200 t _.* 0 I/14FrO(Y2
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O CH2MHILL 1 IE_49u21.sI_0 3

tELL .U.BEI_W.IO 8

WELL COMPLETION DIAGRAM

SHEET I OF 1

PROJEC1 LongTermOpcrat,on_Ale.t_ M*_,._De, po(

OAI_LLIh_, CONTRACTOR Pm_._ ___ t_n
ORiI.LINC, MI. T_COD AN1DEQUtPMENT USED R_os,0,m¢ (4 a,nd 6 inch casa_ )

WATER LEVELS 113 2 t _¢.e_RTOC (1 lr2001) START I 0r22r2001 FND 10/23/2(X)1

Note O*.=gcarn not to scale

1. C,,round ekevaeon a( wel 303 73 I¢_1MSL

2- Top od_ Pt_at_ 30307 k'_ MS4.

3 Wel_ead ixolect_n ¢ove_ lype FluSh m_mt va_l

a) ¢_a=nare? no

b ) o_._ete pzPddwnc_s,,0ns 3fAx311x6m

4 D_aAy!0eofwellca.ut_ 2_,nchSch 40PVC

5- T yl)e/s,_4 _z e _ r._e,_n 2 ¢,ch 0 010 si0(ted PVC

6- Type _,oee_ _er ¢2 _P_ s.._nd

a)_ usod b,,,p

7- Type of s_J Re,hi.dr.

a) Qua_L,_ u*_4 Z>a_

8- G_c_

a) G,roc< rmx us*_ 90% p_ll_nd C,toul I0% be_o*_le powd_

b) Method o_ _I Tr ¢,r_ Me L_od

c)V_l of wel Cas.cig g¢o_

De_,.4opme_ m_thod Surge & pu_p _ _ _

m4,_ pu,_p

Dev_C,p_ent Izme 3 hour

E smeared _ volume 54 qal_n s

Coc_s T0¢_ [_0th (PC-S) • 187

_e_ based _ _ b_ 8CT members

Fzn_ fe,ld pa,ra,m_t e_r_c_lect ed dbCgKJwall de_t 110.r2_O I }

I_ = 6 92

cond ucbv,ty - I1216 m CJorn

tPn_0_atl_'r' _ 19 _ _C

T_y, 33 ? N'r_J
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Attachment 3 - Detected Soil Analytical
Results Summary
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Laboratory
Qualifier

%

CE

EV

.... I,,_ .......

IV

J
ND ....
PV

i............

S

TI

TR

UR

Project
Qualifier

=

.... j .....

Laboratory OualJfier Descnplion

PERCENT
Less Than

Equal to
Greater Than

Co-elut_on
.........................

Esbmated Value Above Detectton L=mlt

Interference present

Indeterminate - Indicates a slgni_fic.ant (Jl!f_e_'_ence .........
Estamated Value Above Detection Limrt
Not Detected

Probable-Denotes slmdadty_l:__!ween chromatograms

Indicates the Value is Determined by_the Method of
Tentatively Identified Compound
Trace

Not Detected

Unresolved Peaks Due to i_,la/nx/nierference or Imp
Project Quahfier Descnption

Detected

Estimated

__ R_, _R_eje_E.cted................. -._-:--" ...... -_-_-- _-- -:-
U Undetected

UJ Undetected, Reportln 9 Lrmlt Esbmated

Sample Type Sample Type Descnphon
AB Ambient condJbons blank

____8_S _ .. _Bla_nk_sp,k.__e.................
E8 Equlpment blank sample
FB Field blank sample

.......... , ...................................

FD

FR

FS
KD

LB

.... LR_.__
MB

MS

_-2-_--N_-_"---
__NC ....

NS

RB

RD

RM

Field duphcate sample
_Reld Replicate

Field SpJke

Known (External Reference Mate_n_a/)Duphcate
Laboratory method blank

Laboi'atory rephcca_te
Matenal Blank

Matrix spike

N__ma! environmental sample

Normal, co-located sample
Normal, QC spht sample
Matenal Rinse Blank

Regulato .nL Duplicate
Reference material

SD Matnx spike duphcate

TB Travel or Inp blank



705 187

Attachment 4 - Detected Groundwater

Analytical Results Summary
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Laboratory Laboratory Qualifier Descnptlon
Qualifier

% PERCENT
<

>

CE
EV

..... .J. __ _

IV
- . j--

ND

-_--

TI

TR

U
UR

Project
Qualifier

J
R

.* U-

.... b,/
Sample Type

AB

Less Than

Equal t_
Greater Than

Co-elution

Estimated Value Above Detection Limit

Interference present

Indeterminate.............. - Indicates a s_lg_nJfica.ntdifference__
Estimated Value Above Detection Limit
Not Detected

Pl'obable-Denotes similanty between chromatograms ....
Indicates the Value Js Deiermmed by_the Method of
Tentatively IdenfiSed Compound
Trace

Not Detected

Unresolved Peaks Due to Matrix Interference or Imp
Project Qualifier Descnption

Detected

Estimated
......................

Rejected
Undetected
...........................

Undetected, ReportinQ Limit Estamated

Sample Type Descnpfion
_,mblent conditions blank

_- 13D" _._Bia_n_s-j_ik-e__-d_u-_l_l,__..t_--_-__--_ .........
BS Blank spfke

_-- _-B__ Equ]____t_a_,_saem_e
FB Field blank sample

FD Field duplicate samite

-.. T_-T_.-,___e,_R_e_,,_te_........................
FS Field Spike

-- KD ...... Known (E_xtern-aTReference Mateda!LDupScate
LB Laboratory method blank
LR Laboratory rephcate
MB Material Blank
MS Matrix spike

.... N_ _ ,Nornlalenvj_ro_l]m_en__talsa.mpl_e..........
.... NC_ . _ Normal, co-located sample

___N_S .... Normal, QC spSt sampl'e
RB Matenal Rinse Blank

RD Regulator/Du icate
RM Reference material

SD Matnx spike duphcate

TB Travel or tnp blank
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Attachment 5- Detected Quality
Assurance/Quality Control Analytical Results
Summary
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Laborato_/ Laborato_ OuahSer DescJhobon

Quahfler

%

<

CE

EV

I

IV

J

ND

PV

S

TI

TR

U

UR

Project

Quol,f_r

J

R

U

UJ

Sample Type

and Qual=fier

Code

2S

AB

BO

BL

BS

CC

DL

EB

FB

FD

FR

FS

HT

IC

IS

KD

LB

LD

LR

MB

MD

MS

N

NC

N$

PD

PS

RB

RD

RE

RM

$D

$S

TB

TN

PERCENT

Less Than

Equal to
C_eater Than

Co_elulmn

Esbrnated Value Above Detecbon L=md

Interference presenl

Indetem'_nate - Indmales a s_Jmfieant dffference
Eshmated Value Above DeleclJon Lmmt

Not Detected

Probable-Denotes slmdardy b_tween chrornatograms

Indcales the Value =s Determ=ned by the Method of

Tentabvely IdenbFJed Compound

Trace

Not Detected

Unresolved Peaks Duc to Matrix Interference or Imo

Project (_Jahfler Descnpt=on

Delected

Eshrnaled The analyte was present, but the reported value may no_ be accurate or precJse

Relected The data are unusable (NOTE Analytelcompound may or may not be present )

Undetected Analyte was analyzed for but not detected above the method detechon bn_t

Detect=or= hmd esbmated Analyte was anab/zed for and quahfied as not detected The result =s eshrnaled

Sample Type and Qualifier Code Descnphon

Second Source

_b_ent condd:.ons blank

3lank slake duphcate
_ank

31ar_k sp_ke

_ontlnumg Cahbrahc_ Vcnfieaho_

3dubon

=qu*pment blank sample

:lefd blank sample

:Field dupl=cate sample

Fmld Repbcate

Fmld Slake

Holding Tmne

Imbaf Cahbrabon

Intemal Standard

Known (External Reference Material) Duplicate

Laboraton/method blank

Lab Ouphcate

Laboratory rephcate
Matenal Blank

MS/MSD or LCS/LCSD Pre_sK_

Matrix sp=ke

Normal envuonmental sample

Normal. co-located san_e

Normal QC spht sample

Peshc_e Degradabon

Post Sp_ke
MatenaJ Rinse Blank

Regulatory Duplicate

Re-exbact_oWRe-analys=s
Reference rnalo_al

Malrtx sp=ke duplcate

Spiked Sun'ogate

Travel or Inp blank

Tune
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Attachment 6 - LTOA Data Quality Evaluation
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MEMORANDUM CH21VIHILL

DDMT Initial Diffusion Bag Data Quality Evaluation

(DQE)

TO

FROM

Steve Offner/ATL

Bryan Burkingstock/ATL

Kevm A. Sanders/GNA

OATE: January 21, 2002

The purpose of the data quahty evaluation process ts to assess the effect of the overall analytical
process on the usabd_ty oftbe data. The two major categories of data evaluation are laboratory

performance and matrix interferences Evaluation of laboratory performance ts a cheek for

comphance with the method requirements; either the laboratory did, or thd not, analyze the samples
within the hmits of the analytical method Evaluation of matrix interferences ts more subtle and

involves tile analysts of several areas of resulL', including surrogate spike reeovenes, matrix spike
recoveries, and duphcate sample results.

Introduction

Samples were collected from September 18, 2001 through December 21, 2001. Field QC samples

collected included field duphcates, trip blanks (analyzed for VOCs only), and eqmpment rmsate

hlanks. I he number of each type of sample is hstcd by analytical method m Table I. The samples
were analyzed tor the following analytical fractions:

• Volatde orgamc compounds (VOCs) by SW-846 method 8260B

• Total Orgamc Carbon (TOC) by SW-846 method 9060

• Semivolatde organic compounds (SVOCs) by SW-846 method 8270C

Before the analytical results were released by the laboratory, both the .sample and QC data were

carefully reviewed to venfy sample identay, instrument eahbratmn, detection limits, ddut_on factors,

numerical computations, accuracy of trattscriptmns, and chemical interpretations Addnmnally, the

QC data were reduced and the resulting data were reviewed to ascertain whether they were w,hm the
laboratory-defined hm,s for accuracy and precision. Any non-confonmng data were dLscussed in the

data package cover letter and case narrative. Attachment G presents a frequency of detection
summary for field samples.

The hardcopy data packages were rewewed by the project chemists applying the review process

which generally follows that outlined m the Environmental Protection Agency (EPA) guidance

document Contract Laboratory Program Natmnal Functional Gmdehnes for Organic (1999) and

Inorganic Data Review (1994) [NFG] ) Areas ofrevlew mcluded (when applicable to the method)

holding time compliance, calibration verification, blank results, n|ethod accuracy as demonstrated by

LCSs, fiehl duphcate results, surrogate recoveries, mtemal standard performance, and interference

checks. A data rewew worksheet was completed for each of these data packages and any non-

conformance documented. "Ibis data review and validation process is independent of the laboratory's

checks and focuses on the usability of the data to support the project data interpretation and decision-
making procec, ses.
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Data that were not w_thm the acceptance hmits were appended with a quahfymg flag, which consmts

ofa smgle or double-letter abbreviation that reflects a problem with the data. Although the qualifying

flags originate during the database query process, they are included m the final data summary tables

dchverable .so that the data will not be used indtscnmmately, l'hese also include secondary, or the

two-digit "sub-quahflcr'" flags which are entered into the comments field of the database. The

secondary quahfiers provide the reasonmg behmd the assignment of a specific qualifier to the data

The sub_luah fiers are presented and defined in "1able 3 The following primary flags were used m

the vahdat_nn process

• U - Undetected. Analyte was analyzed for but not detected above the method detection

hmit.

• UJ - Detection limit estimated. Analyte was analyzed for, and qualifted as not detected.
The result is estimated

• J - l:.stimated The analyte was present, but the reported value may not be accurate or

precise

• R- Relected The data are unusable (NOTE Analyte/compound may or may not be

pre_nt )

Numerical san_ple results that are greater than the method deteettoo linut (MI)L) but less than the

laboratory reporting limit (RI.) are quahfied with a "J" fi)r estimated as required by the EPA

Functional Guldchnes for hvaluating Data Quality

The entire database was queried for frequency of detection m blanks and samples, detaded hstmg of

blank detects, field duplicate precision, method accuracy, surrogate recoveries, preparaltoo and

analysis datcs pertammg to holding ttmes "1he queries were then mampulated to calculate ncces.,,ary
stat|st_cs tor evaluation of the data.

Once the data review and vahdatlon process was completed, the entire data set were reviewed for
ebemleal compound frequencies of detection, ddutmn factors that m|ght affect data usabdtty, and

patterns of target coml_)und distribution. The data set was also evaluated to identify potential data

hmJtat_ons, uncertainties, or both in the analyt|cal results. Attachment A hsts the changes in data

quahfiers due to the vahdatlon processes Attachment D presents all data which were reJected

llolding Times

The holding trme_ for each parameter were evaluated according to SW-846 requirements There were

no samples flagged tor missing established holding ttmes

Calibration

lnitml and continuing cahbration data were reviewed for method eomphance with relatwe response

factor_ (RRI), percent relative standard deviat|on (RSD) and percent difference (%D) crnerm As
reflected m Attachment A, 97 records (87 VOC and 10 SVOC) were quahfied as est|mated (J or U J)

due to estabhshed criteria not being met. No data were reJected.

Laboratory Method Accuracy

l.aboratory control samples (I.CSs) or blank spikes (BSs) are quahty control .samples ut|h:.'ed to

momtor laboratory method performance, l'his sample does not possess a difficult matrix as it consmts
ofdclomzed (DI) laboratory water spiked with the target compounds of interest LCS recoveries are

presented m Attachment F.
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Of the 261 LCS records for individual compounds, a single toluene LCS was outside criteria at 122%

with an upper control limit of 119% As all of the toluene results associated with tius LCS were

reported as non-detects, no samples were quah fled Tbe_ data indicate that the laboratory method
was m control

Potential Field Sampling and Laboratory Contamination

l'hrce types of blank samples were used to momtor potential contamination introduced dunng field

samphng, sample handhng, shipping activities, as well as sample preparation and analysis m the

laboratory

• Trip Blank (TB). A sample of AS I M "1ype 11water that is prepared in the laboratory prior to the

sampling event, l'he water is stored ra VOC _mple containe_ and is not opened m the field, and

travels back to Ihc laboratory with the other samples for VOC analysis This blank is used to

momtor the potential for sample contamination dunng the sample container trip One trip blank

should be included in each sample cooler that contamed samples for VOC analysis. Fifteen trip

blanks were submitted to the laboratory with these samples.

• Equipment Rinsate Blank (ERB). A sample of the target-free water used for the final nnse

during the equipment deeontammatmn process This blank sample *s collected by rinsing the

samphng eqmpment after decontammatmn and is analy..'ed for the same analytical parameters as

the corresponding samples This blank is used to momtor potential contamination caused by

mcomplcte equipment decontammatmn One eqtupment nnsate blank should be collected per

day of samphng, per type ofsamphng eqmpment Nine (VOCs only) eqmpment nnsate blanks

were submitted to the laboratory for this field effort

• I.aboratory Method Blank or Method Blank (MB): A laboratory method blank is ASTM Type

11water that is treated as a sample m that Jt undergoes the same analytical process as the
con'espondmg field samples Method blanks are used to momtor laboratory performance and

contammahon introduced dunng the analytical procedure. One method blank was prepared and
analy.,ed for every twenty _amples or per analytical batch, whichever was more frequent.

According to the EPA I'unctlonal Gmdehnes, concentrahons of common organic contaminants

detected m samples at less than ten times the concentration of the associated blanks can be attributed

to field sampling and laboratory contammahon rather than environmental eontammahon from site

activ*ties Common volatile organic contaminants include acetone, methylene chloride, and 2-

butanonc For other organic contaminants, five times the concentration detected ra the associated

blanks (rather than ten times) Is used to qualify results as potentml field and/or laboratory

contamination rather than environmental contammat*on. Th*s guidance was applied on an SDG by

SDG basis and not globally Global application, however, would account for anomalous data Detects

m the samples at levels less than the action levels (5 or 10 times rule) were quahfied as not detected

Attachment A (Change m Quahfiers) lists all changes m qualifier due to data vahdatlon and blank

contammahon (101 total results). A comprehensive list of all detects m each blank is provided in

Attachment B "Fable 2 compiles the blank detecuons into a "frequency ofdetectmn" by target

parameter. Additionally, Attachment F compdes frequency of detection by target analyte for all field
samples after wihdaliou.

Fwe volatde compounds were reported in laboratory method or field blank:, These included

methylene chloride, chlorobenzcne, toluene, bromomethane, and chloromethane. Methylene chloride

is used as an extraction solvent and *s a common lab contaminant This compound was found in tnp

and laboratory blanks Nine results were qualified for methylene chloride. Toluene is was detected m

seven cqmpment blanks and a single trip blank at sub-part-per-bilhon levels. Sixteen records at
concentrations less than 1 ug/l were quahfied as nonMetects due to blank contamination
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Bromomethane and chloromethane arc not common contaminants but did appear m laboratory and

field blanks at levels slmdar to those found m field samples. Fifty-one chloromethane and twenty-

four bromomethane r_ults were quahfied as non<leteets duc to contaminatton I here are 2

bromomethane records remaining as detects m the database, however _t is probable that these are also

due to contamination No other volatile samples were quah fied due to contamination.

Phthalate compounds arc used as plastlciters The most common phthalates are bis(2-ethylhexyl)

phthalate (BEIIP) and dt-n-butylphthalate. Phthalates arc often introduced into samples during

handling. Additionally, laboratory chemists use latex or vinyl gloves when handlmg samples and

extracts Gloves are coated with pla.,,ticizcrs such as BEI IP to facdltate release of the gloves from the

skin. D_ethylphthalate was reported m a single laboratory blank and in a single field sample at

roughly the same concentration level. This sample was quahficd as a non-detect. Whdc BEHP was

not detected m the blanks, 5 sod samples and a single water sample were reported to contain BEHP at

levels normally assocmtcd with cnntammatmn Thus, BEIIP should be cousldered as a probable
contaminant and not indicative of site related actwlties.

Matrix Effects

Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the orgamc parameters

including field and laboratory blanks as well as field environmental samples. Surrogate spikes consist

of orgamc compounds which are stmtlar to the method targets m chemtcal composition and behawor

m the analytical process, but whtch are not normally found m cnwronrnental samples.

Surrogate sp_ke recoveries were used to momtor both laboratory performance and matrix

interferences. Surrogate sp_ke recovenes from field and laboratory blanks were used to evaluate
laboratory performance because the blanks should represent an "ideal" sample matrix. Surrogate

sptkc recovenes for field samples were used to evaluate the potcntml for matrix interferences

According to Functtonal Guldehnes, semwolatde data are not quahfied with respect to surrogate
recoveries unless two or more surrogates arc out of specifications. Volatde data arc flagged if a

single surrogate is out.

All reported surrogate spike recovcnes for field and QC samples are presented m Attaclunent C. As

the attachment mdtcates, surrogate recovenes were well within method acceptance ranges. No

samples were qualified as estimated due to surrogates recovering outside cntena

Field Duplicate Sample Results

Field duplicate analyses measure both field and laboratory precision and can also be af'ti_cted by the

homogeneity of the samples. Therefore the results may have more vanabdity than lab duplicates,

which measure only lab performance According to the EPA Functional Gmdehne*, there are no

qualilication cntena for field duphcate precision.

There were three sets of water and seven sets of sod field duphcates collected dunng this field eflort.

Both the native and duphcate samples were analyzed for the same parameter,,.

An aqueous control hmlt of+ 20% for the RPD was used for original and duplicate sample values

greater than or equal to five ttmes the reporting limit (RI.) Sohd santples utdlzed a control hmit of

35 RPD. A control limit of± the RL was used lfctther the sample for the duphcate value was less

than five times the RL for waters and twice the RL for sods. In the cases where only one result is

above the five times the RL level and the other is below, the + RL criteria were apphed. Attachment

E includes a summary of the field duphcate measurements and thetr associated precision statmt_c.
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As the attachment reflects, almost all of the precision data were within the defined control limits

Only 4 records of 234 results were calculated to be outside cntena. These are highhghted in the

Attachment ] bus, the precm_on data in&care that matrix heterogeneity and samphng techmque d_d
not greatly influence tile final numerical result

PARCCs

Precision--is defined as the agreement between duphcate results, and was estimated by companng

duphcate matrix spike recoveries and field duphcate sample results The precision between native and

ficld duphcate sample results were within acceptable criteria mdlcatmg that the sample matrix did not

s_gmficamly interfere with the overall analytical process.

Accuraey--m a measure of the agreement between an experimental determination and the true value

of the parameter being measured l'or the organic analyses, each of the samples was spiked with a

surrogate compound, and for organic and morgamc analyses a MS/MSD, and LCS were spiked with

a known reference material before preparation Each of these approaches provides a measure of the

matrix effects on the analytical accuracy. "l'he LCS results demonstrate accuracy of the method

MS/MSD results estabhsh precision and accuracy of the matrix Spike rccovcnes were within the

method acceptance hmlts for all of the measurements; therefore, there was no evidence matrix

interferences that would affect the usability of the data

Representativeness--this criteria is a qualitative measure of the degree to which sample data

accurately and precisely represent a characteristic environmental condition. Representativeness IS a

subjcctwe parameter and is used to evaluate the efficacy of the samphng plan design
Representativeness was demonstrated by providing full descnptmns in the project scopmg documents

of the samphng techniques and the rationale used for selecting samphng locations

Compleleness--as defined as the percentage of measurements that are judged to be vahd compared to

the to total number of measurements made Other than the results rejected due to dilution or hnear

range exceedcnces (there can only be a single vahd result per compound, per sample), no other data

were rejecled A goal of 90 percent usable data was established m the project scopmg d(,*cument and
100 percent of the data (3215/3215) was detepmmed to be vahd.

Coruparability--ls another quahtative measure designed to express the confidence with which one

data set may be compared to another Factors that affect comparabihty are sample collcctmn and

handhng techmques, sample matrix type, and analytical method. Comparabdlty Is hmlted by the

other PARCC parameters because data sets can be compared with confidence only when precision
and accuracy are known. Data from this investigation are comparable with other data collected at the

site because only EPA methods were used to analyze the sample and EPA Level 111QC data are
available to support the quality of the data.

Summary and Conclusions

Conclusnms ofthc data quahty evaluation process include

• I he laboratory analyzed the samples according to the EPA methods stated in the work plan as

dermmstrated by the dchverablc summaries and analytical run sequences

• Methylene chloride, chloromcthane, bromomethane, and phthalate concentratmns should be
attributed to laboratory contamination

• Sample results for target organic compounds above the MDL but less than the RL should be

considered as uncertam but indicative of the presence of that compound at an estimated
concentration

Gh'V,_'MT DLFF_BAG_0102 K3(X OOC 5
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• Surrogates and field duphcate sample results indicate that Ihe specific sample matrix did not

.,,igmficantly interfere with the analytical process or the final numerical result.

The project objectives or PARCCs were met, and the data can be used in the project decision-making

process _ quahfied by the data quahty evaluation process

C_N_(:_IT DIFF BAG 0102 D(_ _ 6



Table 1 - Number o| Samples Collected by Matnx, Method, and Type

705 214

I "++f_'+++l "_'ma" P +_++I++':*,r+.t. ++'..'_+ . ",.++4;- ,3t+*.+.+_:., _.;,r:_.,._;+ _+_..+_++. i +..:.,_+.tr._r+:,<++% i,+ . ,_. +p,._.lj_ "t_++'_+p +'+"_+++' I *r._.:.'+'; I ''''+ _+I

t SO i SW8260B I Volatde Orgamc Com_ndsl_yGC:MS ] SW5035 [ NONE !27 ' 3 l < +
+ WG I SWB260B V_le_O_rgan,cCompoundsbyGCMS + SW5030 I _--_ , 7 , 9 I 15 '

I WG I SW8270 GC/MS for Sem_volable Or_a__n*cs I SW3520 ' NONE P ! | + I

swa2_oc .... , sw35_i+-_ m_ £ l =
__s_o__[ _s ,o;-sa_o_t,_ o,_a_,;; 1_-v+_+-c _2-i---+- : .... r-- .... t-- -t

SO I SW8270C _ _._/M_To+'_SemzvolatdeO+gan_cs ......... 1----+ ..........

Page 1 of 49



705 213

C:

ID

(D

"6
>,
o
C;;
ID

U_

m
I--

I ,N,_ _"

.l:L,_d

_-_

r.'_;_,_

',.__

-L.-=

:,_,.

_-__:

-' " ' - ';,ifq-T-_'

• , ......., , "'T'---'-'T i I ,[-i "
i 'o I i O'

, r , _ ; I I
, . '' :;It

; I I o

_ i 'l'll]i

o o '° o _,o,o o o olo oJo

_ _. . I ."--:-T-I_-_ - --t
t , , ] I

0 0 0 0 0 010 0 0 0,010 OlOI

I I * I.... II
, -- ..__ i---I

: i ', , _ I

O O'o O _'o e_ O _ o1ol, o O[

':' i I_ll ,
- " ' ..... I -- .L ' ', :'-i

; ! ' ,
_._ .._ t_ 00 _ o o'r.--i,,*,eo o,,,:r e,_ t_,

O C* O O O _ O OIO_O_o[o,o;o

I ' i ,

, , , ' j : [

-"-- !!

, , !1, !i_l
2 * .... I___ t ....., ,!, _t- ,

r ; * _ I I

, I I ® _1

E E'.o _'E,E)E]E _,_,= =]_1

_'o _ o'o OlOl>,l_l_;_l

mmmooo_oooJ®'®J I ,_
, I :_,_ _ ;

oo'o'oo_lo'oio/ol ] IIo oo'o t

O O'O O O O_O O O OIO_ I JO O_t,_ J

I
t,g 09 0") tO (D (D_It,0 (D ¢0 _0 tD (,01IDle0_ , ..... --_ I__hhh.

O O O O O O'O O_O OIO'OIO_,o ,o ,o ,,:,,o _o,o ,o*_1,o ,ol,,,,,o,,-,h/

O'1 (%l'(%1 _ fNI (%1 _'l'_'%l (%l t%l (%1 _ _' !

,._,.o._ ,.,0,.o._ _;_,..Oj_l,.Ol_ I I

r-I I ' [
,,,,- _ _ ,,,_,,- w _,_.,-,,-,,,,._,

' . . : ,,, ,, : !
i . - r -t- _ -¢_

I i 1I '

O O O 0 00'O'O,OlOlo,oloIol

"6

0-



Table 3 - Data Validation Sub-Qualifiers
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TN Tune

BS Blank Spike/LCS
IS Internal Standard

MS
MD

2S
SD

Matrix Spike and/or Matrix Spike Duplicate Recovery
Matdx Spike/Matnx Spike Duplicate Precision

Second Source

Serial Dilution

SS Spiked Surrogate

LR Lab Re-extraction or Re-Analysis
IC Initial Calibration

CC

PD
LD

2C

HT

PS
BL

RE
DL

IB
FD

OT

Continuin_l Cahbration Verification

Pesticide De_lradatJon
Lab Duplicate

Second Column (Confirmation I
Holdm_l Time

Post Spike
Blank

Re-extraction

Dilution
In Between MDL and RL

Faeld Duplicate
Other (Defined in DV Worksheet)

LOrderof Qu_aliflersisin_Order_of I__m_portance,Impact on the Data
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Table 4 - Percent Completeness by Analytical Frachon

_. _i__ I _'__ __.'__,_ Total, _ _1 .'_ Fil _._1 _._,re,_

SO ! SW8270C 6 i 0 I 6
SO r SW8270C/SW1312 6 [ 0 _ 6

_-C)--- _-- - -SW8270C 330 [ O I 330
SO ', SW8270C/SW1312 42 I 0 J 42

SO SWOO60 20 0 __ 20
SO I" SW8260B 780 _"- 0 T 780

-_,/-(3--_" SW8270 55 -- _.... ()- _ i" 55
WG _ " SW82OOB 1976 -0 -_- 1976

3215 3215

_._;.om..p_.,

100

100

IO0

100

IO0
100

100

100

%Completeness I 100.0
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, _WQ _ R121(_/01 ._ LB , SW8260B , SW5030 , Bromornelhane 044_ J } J , 0 14 1 UG& -I

we . m211w01 i- i§- "S_/8_B SV_b---b,_thane "--_ -0-_ --:J" - -3...... -n_4- -,---_-_Th._---1
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Attachment C - Spiked Surrogate Recovenes

F-'_;,._ __._'_
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__.S_-(_"'!- ___MW-Sr_-__TB__;__N ._J ...... I...... - j_-_ 10_2_-_61-11_8__ 102"-74_-1_1_8._ ___-,@-I_2--!

' | :, 87"_61__-.118 ~ ' 104-74~118 - 94_-_5_-122- 'SO , IVAN-85-97 ( N i t 99_61_118" Z i-'--105_74_118 - 99~58_122_so ! MW88 ; N L
-'$() , I_W-88-?'8- i--N I ' ............ _.............. 94-61-118- I 98-74-118- _~58-122~-'

SO _. M_#V-I_-7_ -_'-'-F-D--'_ --_ ............................ [-91=L61-1;18--;--98Z;T4-_8 - j 94='_--122-

SO i MW-92-96 , N 1- _ / 86-61-118- 94~74-118- T-_1-58-122-

: SO I- MTN-93-1[)0 -]- _--1 .... . .... , ...... _ ......... !%_-_'i_--!-3_,_--d_=t-{oo-:,_~1)2-,
I-'_--[--IVlW--94-'-_d_]- I N | ....... --' ..... ----'--T_----_'_-Z6TE-1"IS--'8-C-T-_-I-22-----_

' SO - MW'-_6-2 '---it---] ..... : ........ , .......... [ .......... ! 101-6'i-1i_--T1_=-l_8=----94::58~'i)]z~'
..... , ........ I _Z ................ _ 4 ..................

SO _ MW-9_82 4 N [ , T / , 91-61~118 - ' I06-74-118- 95-58-122-
)-- _ }- i_W-98-106 , ~_I-- ..... _- ....... _ ...... 7" ..... _-I08-6:1LI 1-8- T lb_ T0-2=_-I-22-"

t-" S() :"MW--_)7-100 _ N .............................. j----! 1"-_0='61=it8-_"107----7"--4~118-"_-- 10_5-_,_':122 -

; S-O'j -MW-99-20-;--N .... ; .... _} ....... L- ........ [ -_l-J_i=ilS-:_-1.I_O:'=_lC11-8-':'.-9?-58-1_2"T'

!-SO •-'IvI_/-99-'90,5 _---N ..... ___- ..... _.............. ,-II)4L61:-I-18--I-_I0,_I-8-_ 101=_~-122~"
/-Sb-- !-_1W-1_-92-5-- N ............... : ........ r _.;I.__6_E__-,__- _1_74~118~ 89-_]_'--]

SO MW-100-925DL, LR I DL ' _ : , 102--.61-118- 101~74~118 - .101-58-122-
.................... _ .... _" .......... F .....................

SO ' MW-101-23 1 N . ' ! ! 97-61-118- : 111-74-118~, 88-58-122-

SO MW-101-94 I--N---, t- ' _ 93-61-118- 111-74-118 ~ _ 87-58-122- ,

! SO MW-101-994 F,_t-_. , , I _ 91~61~118 . ' 110-74-118E_ 87-58~122 -

I SO ;, MW-I02-I08-I_--_---; ......... I .......... _ ....... L85_61~118~-:ib}-___-_1__~1_2~
' _o-- T- _v_-i_3--i_ _-E-_ .... ............. 1 ..... i ..... I _4=_,i-iis--F_-=f4:ITE-q-_-5_--i_-2:
i -- - _ ............... _ .... 4- ........ _ ..................................... l_ ........., SO MW-103-72 N I I 87~61~118 - 91-74~118~ , 95~58-122-

i- _o MW'iO3-:6i--._S_N--I .... '-........... i ..... - --- [. F_92_-'_Ls_=___bT_--7'_-_-8=_-_J=._:Z;_-:-_
"-SO ['-I_IW-T_3-_j - -N--'_----_- ......... I.... T (J0"=61-118- ' 102-74-118_1 97-58-12;_- ',

' so ]-_iv_-_04:_63 .--#b--T---i ......... !.............. _--8_-_-_-_-"£0-Y=?;_q3_=q--92--ss-12_-.
r-" SO T _W--'i67-1-25 --_--_- ..... _ " - -1 ......... T 86-6_1--11_---104-'-=?4-_118~ /90_-58_12_ --}

.... ........... ]............ I..........
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)--sb - -CO-_O_L-CS-_---B-S..... r .......... l-- .......... '........... ]-9_-_:TI_--_--_:f_:_: 9?-_:-
) -'-SQ [ -'C0928S01 ,- - -L-B...... I _--i_- T Ti3-,,-_l:! 1_-; Y62=-7_C1_ --7 10-9-_'_12_ >L-

_-S(_ ', C0928S01LCS i BS i i

" SC) -[--" C-()928S01- • LB _ .......... j i__1__--6i-_11_8.-_L_1__2-74~118~ -1_)--_--1;t2-'
[--_q_-_:_d_28s0-i_bs"--e-_-----__'--_-_-_-- __-_....... , 94-61-118- 90~74~118- 88:_Z1"22 -" ;
I SQ _ C0928S01 LB , t 1-'113=£;_-'1-_8--- 102-74-118~ 109-58-122-,

........ ?

-L ' ............. --I..........
i -_ _--CiOTGS6_-T_--/ .................... -- ......... !11-EE-61:118_--1():17--74=_11"8 ~ 104~5_2-2--
t SQ , Cl010S01LCS, BS - ' ) I ..... _ 100-61-118 ~ 101-74-118- 101~58-122~

I- -SO -r C{0_0-S_L_-S_---B_-_ --" ," , -'_- .... ' 100-,61-118- t 101-74-118- 101-58-122~ ,

_SQ"-;- CI0i9S01-_-_LB_ ---- ............ _- ..... T ..... _' -_-T61-_i8--_-1-(_3"--'E7"4-11"--"S: 91_-58-1_2-2 -_-_

--SO-i CI0i§SdILCS,--BS"I- - - ----[ ----- i ....... 87-6"_-118_ | 99-74-11--8=- -83"--_T"I-2_--]

_6 _'-K1O20_i0_-...._--T .....:-....... i'................ ]i6_-6-_:-_i_-Tyi)_-,i:_3_:_-i'os"_---i_--,
"_;O _' R _020 I_ t _;_+ ---B'E--T_ +-" ';- ...... I r'i-d5"_-l-"Tfs"ZTT67-z4-1"_z[-{'oE-58-=T22='-3

I SQ ; C1019S01 ) LB| ' ', I 99-'-61-118- : 109-74-118-_ 91-58-122-

! SQ _ C1019S01LCS i BS i : ' I , 87-61-118- _ 99-74-118- I" 83-58-122- ,

! SQ _ K1023S01 , LB ; ; i , 99~61-118- . 102-74-118- [ 102-58-122~ '
_ ,, ......... n ................................ o ............

! SQ _ K1023SO1LCS , BS _ I : _- I 102--61-118-, 102-74-118-L 96-58-122-

;- SQ- - " K1()23sdi "-'-_" LB- I---_ ........... _ ..... | i--_-3-18_- T1b-2=-74:l__8-j__02_--58-_2-2 _

- s-(_- ]-1_l()23SO-II_CS---BS- ............ -- .......... ]- ........ I 102-_1-118 z _ 102--7-4-~_8- / _)6-58-1_--- '

Page 22 of 49



Attachment C - Spiked Surrogate Recoveries

_,_,7,_l_.x_.-._._,_._.l..-;:,,,_l,_C_,_.- _ _- _,, ._ P, a ,_

;._};'_l.__,_..'_,,_'gl..,.,'M.o.,-,=_--..-o-= ,_ ._.o_,...+' ==

7O5

[_==___

236

_z "_,.'._.1

SO I K1023S01LCS , BS : I 102-61-118-

-cd t ................ ......',
WG r --_w-lo_-2 , N i-- - 9-8-:_4-G7_- T_:-P_-i_ r T_-_F_=T

.... J ....... .
WG I MW-lO4-3 l N .... i - - -_J-74-128 C -'" "I()6:70L'13-(3Z']" 108-74"-124- ',

"W_G T MW-I04-4 _--l_i "'.-- . 9_8-_74"_12__8c_-167-7CP--1_ - ',-1b_-_4El-124Z-!-- - ......

WG I MW-104-5 N t 97-74-128- 102-70~136~ ' 10_6_--74_-124_--]_ ....

102-74-118- 96-58-122- i

103-74-118- i "I-04-L58:'-'i272-"

l-- t,tVPo- .L _V-';I-I_'_--I FD ..... -9_:74--1213 _- 1_0_-7-0:_i36: ;" 102-74-124- I "--_, I

[-_-_L MwJ_:8---,- i,;i " : - - 90-7;1:-128:-L_0_--,-_7-7-,7:12,1:-_ ...... I
I WG/--I_W--1"04-9---: N" ", " 96-7-4-12-8_-" T0-3--?0_1:}6-- "-'[0-7Z7'1-124-'1 ........... ' .....

"9_-_T4C_'2 I-"_Z-_7_"3_2 T _ _-7"_-'1"2_- I I[ W_G._I___M___:;_.-__o-7-__N._-2 ....
L WG I MW-104-10DL . LR ' D( "94-7,_:-I28---'-1-0_-?5_3_'Z'-98_74L-l_,__ , ........ I .....
' "WG---T'-'----_-9:3-"_ .... "iN- - 99"-74:12-dm-"-lb-2_76-T3-6---'"fi_-_::12£ -T L ..........

: WG I MW-99-3 N 91-f431-28 - -10d_70_'1-36---_t00_74-124 -' ',!--ws-....................MW-99-4 N 96-74-128- 105-70-136- ' 105-74-124- t T ........

_WG--___--_V_:_09:-_5__--_ .... 10_-Y4:_-8- 30_-70-_3-6-'-d-3-_£-_-2:_:'=........... _.........
.. _W_.G_ '. MW-99:i50_ ............................................... I- ........FD 105-74-128-j 109-70-136- 102-74-124- t

WG _ MW-99_ rq ..... 91-7;ILT;_8 -Z- -1-0"-5-E;;6-_362- 306--7;I-'124_"I ............

I WS--I --I_I_/-_3-I} " - N 97-7_I--128- - §4-70-I-36- 1-00--74_i2:4 - ; ................

. J......................................................... .J
: WG I MW-99-10 N 97-74-128- 98-70-136- , 106-74-124-

, wo-I -MW-99-100 7 - FD 95-74-_128 - -104-70"-1:36- ;-1-0_7-4-1-2_1----: .................... '

: -WG-_ -'_37--3"- _---N- -i- - 1-0-3-_'-4-_E--_,-_1_d_-Tdz£_--!-l_3zf4..--¢'2£- ; .....
-_(_- _---I_g:-_7--_ - , -N- -L - _05-74-1_)8--I 326--fS'-136-":-106-7'l:'-124z : ............................
' -VVG T-'_37-'5 .... I_---I IOf-74----128:-T1.3O:--7OLF36-: -99:-74"-:124- ........ I
_WG-'I- -_MW_9_--6- -_ --N " ' - 99-7,1:32-8----'-12-8_-1_ -_ 1_-7-4-'1-24"2 ,1- ................... --_'

_-,Z,-_--i---_-Ef:-f -_- --N---: - -h60-7,_:¢_l--'3_3_f_-f3_--- 1-65:7;_-_2-4:;................. "_

WG 1 MW-97_80 , FD 98-74-12-8_O-9-70-136 - i 103-74-124- i -- 1

WG-_ MW-98-1 _ n ; 100-74-128-I 99-70-136- ' 103-74-124 ~l ...... l .... i- i

I WG I MW-98-2 l n , 95-74-128- 198-70-130- 'I01-74-124-: i _ Z

,--w_---, _7,_vYS--_-- ,- - -gT-_4-f2s- -_0--1_6- %_-74-124:,T- _--___-- F ....... ,I-.........
' -W(:;-I-_M_/-b8_ I n - ; " _15-7_:i_-8:-i--9T--;;G-_-36:_ 10(_'-74-1-24- ........ i L_-----, I

' WG L MW-98-5 N 95-74-128- I 101-70--136~, 105-74-124-' _'_ _j

-WG-_. _ I -3 ..... -_2-74-_---_76-1_----703-7_-124:'- ..... _ .......
,-" WG| _W_163-'--2 _---i .... 95-;;4-_128 Z-" _9-5-7(]L-1"_ ": ,-103_-74-i24--, "- ...............................

l__--r _Mw-lo___ :--N-_--I-_.... 9_4;_:1_- 96-70-1_- ,102-74-124-,
"W'_._ ... MW_-_10_4 ...... ___N_ _ 96-74Z128 -_-' -_16-7b:1-36-_'; 108-;;4-124 L !

I WG , MW-103-5 ' N _ 89-F4--1_-'---90-70T-136_-]-l-02:-74-12'I -' ...........................

I--_;VG--'FM_IC)_--50--_- "FD----.- " 93-74-128- 9_-_-i-3gc-r_6:-7,i-12,i-.

t-WG_ MW-103-6 ,--3---: 94 - 74 :- 128": -I - 96-z7C:- i :36Z :- l-0_l- 7;1--3 24_--

WG MW-103-8 N _..... __ ..... L _. 94-74-128- ! 98-70-136- 109-74-124-. _ _
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___.WG + MW-100-1DL : LR ._ DL 1.1.1-Tnchlo:oethane ; 5--I---0"--]- U + R 06 I 5 I UG/L_ DL t

[ W(;- MT_-IO0-2DL .... LR-" _+ D_- -_',i_1:Tt_7._l_oelha,_ -" -t- -{E-"[-U--- U--[ R .... 2- 10 T -U-G__-i- -DL !

--WG--'-_-]_-3OL + _Q I D[- _,tt---_n_t_oe_,a,,e _-: TO-" - _ " h--+- 2-'-TO--,T_C.-__I DL ':

WG MW-100-SDL LR ',--U--_R_ ; I 2-_ -1-_-U(;-/L-[ DL "-;

-_-]---I_ -- 1 2 ' 10-1 -_E T-- 5L -]

---_--" I--2 1 - I-0- I_C_--_--- b-L----]

'. ',
-3< :--I2- _i20_ox_-i C-_DL--_J

-4+-- .....
--+ <G_<' - - -_ ",570I0-G-/KGI--DI_---

1.1.1 -TnchJoroethane U

i WG , MW-t00_DL LR 1.1,l-Tn(._l_o_mane h4-"

--_,_G- -_+ - --M_/-:100-7[)L LR DL 1,1 ,_1:Tn--E_hl-orc,et-h_e

WG : MW- 100-SDL LR 1,1,1 -Tnchloroethano

WG ! MW-10_8"0DL + LR 1,1.1-Tnd____t_n_e , 10

_-_- r- I_/-100-§_L ; LR 1,1,1-Tnchloroethane I 10

.... MW-]00-10DL ; LR DL 1,1.1-Tn_oroethane 4 10
WG i_'W-101-124DL JR" -- 1.1,1-trl(_'lor_an-e--- "

t WG ' MW-101-10_L ' LR l,l,l-Tn_lor_t_ne 40
-_/G-=-I'_vv-101-89-13L-- LR 1,1,1-Tnchloroethane 40

I SO ,-_-100-92 5DL L

-_/-(;--F'_I_-i04-1(E)L LR r -'0"18 "1 -2_-6L- ....

_-G-':_- -t_-+97-_)<_ ' m -- r -" 0-16 ; 2__L_U.G/L_j_.--'-DT---
i WG MW-97-80DL -LR-" U ' R . 0 16 2 , UG/L i DL

I-WG .... MW-98-1DL _ LR _--[-'R 0 16+ 2 , UG/L ] DL

I WG ]- MW:98-2[)-L '. --0"{6_-2- DL

___G-__-9__5DL +" LR R 0 16' 2 DL

' WG I MW-_-IDL LR _ R 36 ' 40 I UG_ I DL

WG '_- "_-9-4-2DL LR U _ R 36 | 40 UG_ _ DE

WG --_-I_-IDL ! J [_ R.. ()45 DL

WG MW-I_-2DL LR R 0 9 DL

'WG_- -MW- 1(]0---3DE !

l LR R ()+-T 76-T-OGI1_ + DL--t-W-(;--_- F'._/-IOO-IDI_ "--Li_-- R o9-,'--IGI-U_/C-_ - DL--_
_--W_G--" --IVlVV-I(]0-SDL "T " LR "-- -- U "R" " -0 9 ;-10--[-IJ_-'F----D'L----I

_--W-G"_"-MW:+60-__ ;- -L-R-- U _ r 6_-_-i 0-__q DE
! 'ZV(3-T IC-_W-100-TDL "-Li_ .... U--I--R- 09-I-I0--] 0i3,/I_. "i-" DI_ -

1.1.2.2-Te_a_oethane

1 .l.2,2-Tetra_oroethane _2

1,1.2,2 - T et r a cl_[o r_oel-hane

1.1.2.2-Telrachlorge[hane - _. 21,1.2.2- Te_a_roet bane 2

1.1,2.2-Te_a_lor_thane "

I, h 2, 2.:Tetr a_chlor___.lh_a_-_ne - --

I ,I ,2,2-Tetra_cm_o[oethan_e
1,1,2,2-Tetra_lo_oelhane

1,1.2.2-Tetra_oethane

-l".l.2.2-]etrach/(x-oelhan_e_ / 10 __

1.1.2.2-Tet rachloroethane 10

1.1.2.2-Tetrachloroethane _' 10 _
1.1.2.2-Telrachloroetha_e . 10

1.1.2.2--Telrach]ofoei-hane- ; -1-0 -
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Attachment D - Data Rejected Through the Data Validation Process

t_x"':'_'""'-_L'>;-'"_,c.,._'._... ''} '_T_ LR,,T_-_.='_- Pa_r.._'_ _l:_._#.,e:l 9.=:,m,_..:_,Conc ' _ ...... -,

WO MW-100-SDL I LR ! Ot ' 1 1.22-Tetrachlof0ethane I 10 I U U R I 09

WG MW-100_0DL , LR . DL . 1.1.2.2-Tetrachlofoe_no_'--r-_0 I U l U R 0 9

' WG MW-100-9DL _ LR DL 1.1.2,2-Telrachloro_--_---i-0---i U| U R

WG MW-100-10DL_'_ LR • DL . l.i.2.2-Telrachlo_'_)ethane--h'-ar_'--l_l_ U U R # 0 9
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: WG Mw-g7-8DL [ LR DL ' 1.1.2-Tnchlofoethane
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i" WG MW 98 1DL J 1.:l.;_-Tnchloroethane

t- _t'G "_-" _-9-8_2bi_ DL I l,l,2-Trid'lloroeU_ane
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_/(;- - I_IW-94-_OL --T -L-1"_"-]--51_ _4----_.1 .-2-"i:nchTor_'_ane-- -'

WG MW-94-2DL J_-_-L-'R-"-D/..-I----1.1-.2---Tn_,foethane-

U R 0 22

2 u u " i--R
2 U U R 0 22

U i R 0 22

2 u --u '- I_ -_7-2

j. R , 48

u . -R-

_0 UG_.L_pL ....
10 UC_I_ I DL

10 UG/L 7 --DL

10 UG/I_ DL

40 UG]I- _" DL

40 UG/L . DL

40 UG/L t DL

s70 _-_T - D-L
z u_! DL

UG/L DL-'-- _

DL

UG/I_ DL

DL

UG/L , DL

UG/L I DL

UGfL ', (_L

WG MW-100-2DL -- LR t DL ; 1 1 2-T_ichloroethane U R .IJG/L._ DL

WG MW-100-3DL I LR _i DL , 1.1.2-Trlchlo¢oethane _ U -,-_-- [--12 UG/I. , DL

,-_v'-_.... i;l_vh-60_b_-" _-'LR I --_--- :-"-'i312--fnc_i_ ....U _ R _12 DL"
-WG ---MW-100_D-L-"I---LIR--'F'b/_'" !- 1.1.2-Tnctdoloethane _--_--R-_ 1-;_ 10 ]-0-GTL-, " DL -

|- VV_ ' MW--100-'71])-L- T -LR--]" i3L _ - l{2-Tn_l_'oe--_an_ I I0 -_-]---0 : - R i __ 'i()-,l-0G-E - -- I)L "

WG MW-100-SDL -- LR , DL 1 1 2-Tnchl_oelhane 10 | U i U , R 1 2 I 10 UG/L ' DL
, ........... _ .... 1 .... • _. ............. __ --- ____' .............................

I WG . MW-100-80DL | LR DL _ 1 1 2-Tnchloroethane 10 U I U , R 1 2 l" 10 I UGTL j DL '

i WG MW-t00-gDL : LR i DL | 1.1.2-Tnchlc_oethane 10 [ U . U --. R _ 1 2 10 I UG/I_ DL
:-W-(_ "- M'_-_00_-0EL-'--'--CR--"_'-I -D'L-- I"- "-I" :I 2--T-,'l-ch-T_-ro_Th_-,--F-To-7 U'_-_'iJ-" ,- R i 12 I 10 iI UG/I_-- --D-L ....
i ................ , - " "- ......... _ .... r -;,---r ..... , ......... T ...... : ....

WG MW-101-124DL _ LR i DL 1.1 2-Tnchtoroethane i 40 U L U ', R , 4 8 , 40 | UG/L DL

[--WG MW-10:I-10gDL-:-- I_R- i- DL'" ' 1.1.2_Tnchlo(---l_e---i_4- 0- t- U --I -L/'-_. R'-1_-8-; 40 I" UG/L '" OL-

i--7;d MW300---9_-_5i_,- ti4 -+,-6L ' .... _-l:OT_l&o_tm;;_e- - --sTd -_--u--'i- b " R-- +--s<$__-f0-J_0c._ = -5i---
, WG MW-104-10DL l LR l DL . 1 l-D_ctlloroethane , 069 : DJ I J R 024 I 2 UG#L DL

WG MW-97-8DL LR I DL 1 1-Dichloroethane , 2 | U . U . R . 0 28I 2 i UG/L , DL

--vC,/G, _w:9/-_6_.- ;--Li_ -o_-- !- -'i,_i:6,_l&_iIT_ne- __,} _-_--O .... O ! R 6_8_ -2 ! 0_,K----O_- -
[ VVG "-Mw-n_8--1D--_---_-"L--R-!---bL ; .... "l.:i'-D,_l-ot'oe_ane- , 2 ,_--_-t) .... R----028/-2-TU--(3--/L--_'----DL -

.................. _ ................. 4 -- --, ......... @ ............
I WG Mw-g8-2DL LR , DL ' 1 1-D chloroothane I 2 i U U R 0 281- 2 FUG/L ' DL '
_- ............................... ' ....... _---_--_- i ................ - .......
i WG MW-O8-SDL . LR j DL i-- 1.1-Otchloroelhane i 2 U J U R 0 28 I 2 _UG/L DL

l'- WG MW-94-1DL . LR , DL , 1 1-Dichloroethane l 40 / U , U R ' 4 81" 40 / UG/1- DL

WG Mw-g4-2DL , LR l DL 1 I Dichloroethane -T 40 , U u , R , 4 8 1- 40 i" UG.q- , DL

I WG IMP,N-100-1DL . LR ' DL ' 1.1-Dichloroethane 5 | U i U I R ! 06__, UGIL, DL

F-w_ ...._iV_:lO_:_6c-T-_--1_t-, ...._._--_-_-_-;._- i_o _u--1-u _-_-F_-i 1o_-0_E-_---b-C -
--W(_ " _r_v-_obt_-dE--;---C_-i DL--' - _'i-6_;_ke---l--_-T--0-F -0 :--R ' _.KF-_6_-0_-.---D_ "

i-WO ' MW-100-SDL / LR , DL ! l,l-Dichloro_lhane , lb-_ U / U ' R ' 121 ;0IGC-_-_-- DL '
.................. 1-- .............................. _ ...... _.......... ' .......

[ WG MW-100_DL , LR | DL I 11-Oichloroethane I-_--U i U , R ' 121 10_G/L' DL
..................... _ Ii ............. -t-- -- r • . . . ..... _ I -4- ........i WG MW-IOO-7DL , LR , DL 1.l-DK;hloroetha,_e ,_LJ, U , R 1121 i01UG/L DL

WG MW-100-8ODI_--'---i-IR--_--DL-- i-'- 1- 1-Di_li_,e-than-_ _-O-_l-" _lJ" I-'-U " R i "t_-l_(_l-- I " "-G-L ,

L.W. G_ ._M_'__'I_00"_9_DLj_ LR_ J DL J 1.1-Vlchloroel__! U _ U , R : 12l I_0_T_UG/L: DL ,

F WG MW-100-10DL t LR -- --DI_-- ,..... 1.'i-[_c_'_-oethane- ---F-]O-IL-_--0 --+;" U i -R --_-_I;_ _--IO-i- 0_----DL -

L-V_G----M_;i--6i.-l_-4b-Ci"--Lfi-L 67-]. ....i,i-D,_i&_;_ne---I 4O '_ ; U- r -h'---4-_-F4_--T-u_.rL_--5L-
I--'_/_ - --MW-'10_I-+_09b£ _ -_R i Di-" I -'- -1"]1-Ol_lllorc, eih_n_-_-U- ÷, -U "] " R-- i 4 8/40 ] UGA. ' ---'D-L ....

_w_ MV_:I0"i'-,BgBL-r- -i-R- -,1- -bl ..... {:l-O,_}_iha]T_e--_'t--u" .... -U-- i -IR--;-4-8_I-_K -'r-- "DL-- ,
l-s : .... .... .
FWG, IV_/-I(_-_0DL--_-LI_-I--OL ' --1._-l---D_oroeth_ne---l-'T3-'-_'-D--_-_J - --R-_-0_]_'T-2---F-0--GK.i-- -DL- -
F-_d- " F,AN:97:_}6_-" ;--L_-_--_ - Ci:6,;_ibToe_nb'--!_-- ,-'u--, _ -_---I'_'_'-I 2 F-0-G_.-]--- -DL-"
F........................... ' .......... t .... _ .... _ -- --_ ........

WO MW-97_ODL , LR-1--DL 1.1-Oichlofoethene --2 ! u , u i R '0,16t 2 lU-GE' DL '

L_W.G. MW-98-1DL , LR J. DL , 1,1-Dichloroethene .... i_" U ! U ' R 0461 2 I UCW',. DL ,
i--WG IVI_N-§8_21)I_ "-_ --L'R---i'--[)I_ -_ - 1-t-[),chTor_Te_-ne_2-'--T-'U'--_--_ - "'--IR---I'O;46-_--2-1_- F-"DL -,

W_G_ . _ MW-98-5DL. . LR i DL , 1.1-DIchloroethene i 2 I U ; U t R . 046 J 2 I UG/L DL

[ WG MW-94-1DL -,,r -_-R--F--6C--F _ 1-1:_to_oethen(;---T- 40 I U-- I'" U - "R "4-4_-40 I UGSL ,----_L -"

_--, - MW-_4:_L --_- -FFi--F-d_ --; - _i-_D_o_ -_t_-_-- ---0 _ _S _ -'-4-_-7 -40_-_-G_--7--DL
I-VVC;-- -MVV--ii_O-_Di]---, "-_---l-'--_L "'-t -Yi-'6,_lio_e_ene-- !--.5-_----U-, -U-, -R---":055-1_5-'-_-G_-:--DL :

WG MW-100-2DL _ LR-_DL 1.1-Dlchlofoethene ! 10 _ U I U R _ 11_F10_G_L I DL

.... ';- -=u "_- PC ._
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MW-100-4DL _ LR ' OL , 1,1-Dtchloroethene : 10 4 U I U

WGJ "_1ii . ;- ,0 -O-F--u
W G , MW-I_00-6DL . LR ; DL __ l,l-Oichlor_hene--_-10 _-'-U

[_WG _---1_/;/:100-TDL ; " LR- "-D6- I ---'1 1--61_l°rcelh-°ne----=, ;- 1() ; -_-

- - - MVV-'I06-8-DL--;- LR .... DL -I-- _1.1-6;_l-&_lh-ene-- -|- I0 !--U- --

MW-100-80DL LR _ DL I 1,1 -D_hloroethene : 10

_M_100-9DL L_R_r---DL--__/ -176_hk.._the._ = 10f U
MW-100-10DL L LR I "6L --'-- l"l:D_d--otToethene - '

WG _ MW-101-124OL L LR L DL ! l,l-D,chlorcethene -,. 40

WG , MWI01-m9DL , --LE---i--6L-----_--_l_--O--_lo_,_,____;---" 4--0- U LU_
MW-101-89OL ]- LR I DL 1,1-D=chloroelhene I 40 U

MW-100-92 5DL _ LR DL _- 1,2-Dichloroethane ' 570 U

WG ', MW-104-10DL . "L-R ...... [)[_- .F"---I-2-_=chlo_o_a_e" -T--_ -"

...... " MVV-97_DL" -_ L-R--". - DL -_-- 1'2-1_oe}hane--- T -2 .... -0- - UWG ....................... ............................. ] ....

WG I_N-97-80DL _LR__ _ _DLL ...... 1,2-__ch_ _k_oejha_ne__ _/ 2 U
WG = MW-98-1DL LR DL 1,2-D,chloroethane 2 U U

WG 1, MW-98_2D-L- l I_1_ DL 1,2-D=chloroelhane 2 U

WG = MW-98-5DL ..... t"R-'_ DL ' 1 2-O_'hloroelhane , 2 U

WG-.'_--I_W-94-1D_ "-7 - LR--7-DI_'" ; --_2-_chi(xoeth_ne " _- 40

WG ' MW-94-2DL : LR , DL I 1,2-Dichloroelhane _ 40

-'--WG i E4W_'-I-'O_-IDL--"'-ER-',_--Sr_--'I .... "£}-ST_r;EoeTEa_e-'-,--_- u ,- u_____. .......... _ ........... _.... ._. ............ [ ......

_WG ._._I_-_IO0.-2D_L i__L_R ..... D_L__i__. l_.2_-D,chloroeth_a_ne 10 U I U

R 11

R 11

R 4 4 40

R 44
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R o2!
R 02_"

R

R 02! 2

R : 055

UGh. _DL___,
UC_t ,_ DL ;

UG/L DL ]

OL

UG/L : DL 1
UGFL f DL !

UGA. _ DLUG£ .... 6C
UGh. DL

UG/L ; DL

DL

UG/KG_ DL --]

DL

DL

UGA. _ DL

DL

UG/L , DL J
UG/L ( Ot

UG/L ' DL ]

"UGh__-- -6U ]
5 _. UC.,4L ' _ DL

10 UG4_ DL I
WG i MW-100-3DL .......I LR .!........DL 1.2-D,chloroelhane - 1-0-- i /J UG/L DL I

WG I MW-100-4DL LR . DL 1.2-D=chloroolhane 10 U U R 1 1 UG_ . DL l

_NG--[-_MW-'I00-5bL---I"--LR . -EL ; ---1-2:bml_lor(_-lhane ] -'10 ;- -0--_-0- I R _ 1"1 UG-/L-i DE j
--_/-G---_i "IV_V_I00-6dL" _- LR'; .... * -:' ..............................DL , 1 2-D,chloroethane 10 -_ U [ U R _ 1 1 U_ -7''-D-L'--J3_.-_ ........ "- ............ ........ .....DL . I 2-D=chloroelhane 10 . U'--_ _ R I I UGh, --_-- i

......... '......................... -WG ] MW-100-SDL LR ' DL.-i - _1.2-D_chloroothane 10 U ' U I R . 1 1 10 1

"-T_VG-- T" MW--1-(_0-DL i " -L-R- , DL 1,2-D,chloroethane - 1-0 _ --U--' -u-F--R _-11 10 I UG/L-,---DC - j
WG , Iv_-100"-9[)E--'-LR--] -DL--T ..... _.;_'D, chlo_oeTha_e ...... 10-" -tJ--'J--U-_. ' R iT i UG/I_ DL I

--W_ -T- M-W-I-_-I0bL - -L-I_ .... 61--_ .... {_2_blchlo¢oeTh_3ne "" ; -1()--,_- 0 !---U---["-R- :: 1 1 -lb-_t -UG/L DL....
__W_G.._L MW-_10!-124_D_L ,- LR . DL L 1.2-DEhlo$oethane 40. U , U R / 44 40 ] UO/t _--__

_ WG -. MVV_LI_01-1_09Dt:_j_ _LI_- .'_-_ D1.-- '----1.2-O,chl_oelhane 40 !-U -" -U -_, --R --_" _-_- _1-0- I I]G/L-=- DL I

|WG I MW-101-89DL LR i DL -.-'--12_DlChl_(_lhane - - -;1-0" U- iR--[--44_ "40 U--_,_--" DL -_F ................ t ..... -4- ..... .............. _ ...... _

__ SO__,_l_tV'1_00-_)_2_.5£)_ I: .... _LR . D_L j_ 1.2-D,chlorop_'oI:_.. _he _ .. 570 U 0-(3_(;[ DL '

__WG______MW-IO4-10DL ! LR ' DL i 1,2-E)=chlorol_opane I 2 ' U -U(3_ ' DL [

WG __ MV',;-9-7-_L-- "L-R-'[--DL-T-'-l,2---D_loropropane- - " 2 _ U" U R FO-16 Tj_] DT

WG .... _IV_W-9_8-1DL I_ LR { i)L---I-'--_.;K6._h[O}Ol_-Op-,m&"_--2 ;--U-_ I i_ [_- -U--_'E-q _1- 1
WG , MW-98-2OL-: _R--i--O1_ I-"T2_Dml_-(_ror, ane .... -2 _ U -I---=; I _, '_E- ,7r___...... r,. -i

....................... __..- ...... nr_ r- ...... * .... _ t r_ p v,v u_ u_

I WG / MW-98-SDL ' LR [ DL : 12-Dl,_loropmpane 2 _-U iJF" 0_,, R _--_6- UG/L Dt

_._W_G___. __.IVlW_I94-1_DL " ____L_R ,_.DL.._ 1.2-D,chloropfopane , 40, U F U ] R 14.4 UG/Li DL

WG . MW-94-2DL , LR : DL .j. _-.2--D;ct_loro_l_ane i---46 i tJ | U--[ R ]44- UG/L ----OL--- 1

[. WG 14 MW-100-1DL ' LR t DL ' 1,2-D_chloropropane : 5 U I U-----t R _055/ 5 UG/L I "-D'L----_

............... " ..... m --- , - . ............. , ...... --._ I% 4I I I ' . 'UI __U'_L , _._ UL

[__V_G__I___M_V'I_0_.-3DL I LR 1 DL • 1.2-Dlchloropropane , 10 ' U__ 6---I- R ! 11 I 10 UG/I. DL_

I WG i MW-i00_IdL- , LR" l-DC-']---12---l_chi(x-_ror_r_ -!- 10--_.--0-,--U-_ -R- I_T-_"'R--H_m--I----_T--3

r WG I MVV-100-SDL , LR , OL , 12-DlchlorOlmopane 10 Jf U l U---_" R ' 11 I I0 rUG_'-I-'DL -4
---.-_ ......... . __ )_ _ LU .... ..L_ ..... )....................... _ ) _* ....

_G", .__MW'_IOOz___D_L_"T- LR ; DL j 1.2-D,chloropropane 10 , U I _--i" R -11 t I0 ! UG/L. DL

WI_TWT_,WG" MW-100-IDL ' fIR--[-DL ......I"2-D,_]orooroZ;_--":- {,_--F-TC"t-"_'_- T_-i--T';-.F_._-_--._;."'i-'---_----_
I -,-10-r___,,._

J W_GI MW-100-BOOL T -L-R ,'"-6-L_'-'1-21D_l_oro_opa_e - _~-IO .... U--_,- U-0_ -R- T 11_-r_JG/L _ DL "--3

FWG MNV-100-9DLU LR i DL 1 12-D,chlofop_opane 10 _ U r'_- ! R r-_-_.-_ I-0G_.!---Di-'--i

_WG__._MW-I_()I-_I24_DL:__..L_R_ _ _DL_ :__ 12-D,chlorowopane . 40 U [ U-T R i 441 40-T-uGh_ DL--]

F____q,Mw-_,__,0_p__ LR _ OL_-L O-_,_o.-_._o.-J-_0 L_'0--J-_ _-"_T!--_-!_"6_---_
I_WG___._MW-_0_hSgqL_ L-#-_- 5_--i .-Y.2-6,&i&_;_opane----" 4o, -6--I -_ iC ._TI-_o--I-K_ ,_-_C --]

SO _ MW-100-92 5DL_--- LR" ----_ .... Benz ............ *-- "'_ ....... _ ...........]5 _........................ L ....... ene . 570 U 1 U I R _- 541 570 UG/KGI OL |

L WG 4 -MW-'L°4:L°-_- _.._L_R__, _DL.-- Benzene .... : "2- .'--u--I--0-1-_-Fb-_£1TI'0_K -;- DL--_

L WG | MW-97-8DL , LR ' DE ' - ..... Be_eno ..... ,; --2-" 7- LI-- t---U--II -R----]'E'2"8"1"- 2- _-LIG'/i ---DL---!
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705 250

SW826OB SW5030 MW-100-8 1.1.1-Tnchlocoethane 1 U 1

SW8260B SW5030 MW-100-8 1.1.2.2-Tetrachl_oetha_e 0 23 J 0 19

SW8260B SW5030 MW-i00-8 1.1.2-Tncl_ofoethane 1 U 1

SW8260B SW5030 MW-100-8 1 .l-I)_hk)coethane 1 U 1

SW8260B SW5030 MW-100-8 1.1-O=chlofoethene 0 21 J 1

SW8260B SW5030 MW-100-8 1.2-1_cfllofoethane 0 17 J 0 15

SW8260B SW5030 MW-100-8 1.2-_chlo_opfopane 1 U 1
SW8260B SW5030 MW-100-8 Benzene 1 U 1

SW826OB SW5030 t_N-100-8 Bromodzcflloromethane 1 U 1

SW8260B SW5030 MW-100-8 Bromolorm 1 U 1

SW8260B SW5030 MW-100-8 Bromomethane 1 U 1

SW826OB SW5030 MW-100-8 Cartx_ tetrachlonde 1 U 1

SW8260B SW5030 MW-100-8 Chlorobenzene 1 U 1

SW8260B SW5030 MW-10O-8 Chloroelhane 1 U 1

SW8260B SW5030 MW-100-8 Chloroform 1 U 1

SW8260B SW5030 MW-100-8 Chloromethane 1 U 1

SW826OB SW5030 MW-10O_] c=s+1.3- D=chloropropene 1 U 1
SW8260B SW5030 MW-100-8 D=bfomochloromelhane 1 U 1

SW8260B SW5030 MW-100-8 Elhylbenzene 1 U 1

SW8260B SW5030 MW-100-8 Methylene chlorzde 1 U 1
SW8260B SW5030 MW-100-8 Toluene 1 U I

SW8260B SW5030 MW-100-8 trans-l.2-O, cflloroethene 0 13 J 0 17

SW8260_ SW5030 MW-100-8 trans-1,3-D=chloropropene 1 U 1
SW8260B SW5030 MW-100-8 Vinyl chloride 1 U 1

SW8260B SW5030 MW-100-8 T err acfll(_oe.lhene 56 E 44

SW8260B SW5030 MW-100-8 Tnct_loroethene 80 E 68

SW8260B SW5035 MW-101-94 1.1.1-Tncflloroethane 6 3 U 6 9

SW8260B SW5035 MW-101-94 1.1.2.2-Tetrachloroethane 6 3 U 6 9

SW8260B SW5035 MW-101-94 1.1.2-Tnchloroethane 6 3 U 6 9

SW8260B SW5035 MW-101-94 1.1-Dmhloroelhane

SW8260B SW5035 MW-101-94 1.1-D=chloroe|hene

SW8260B SW5035 MW-101-94 1.2-Dmhloroethane

SW8260B SW5035 MW-101-94 1.2-D=chlorowopane
SW8260B SW5035 MW-101-94 Benzene

SW8260B SW5035 MW-101-94

SW8260B SW5035 MW-101-94 Bromodmhloromethane

SW8260B SW5035 MW-101-9,1 Bromofonn

SW8260B SW5035 MW-101-94 Bromomethane

SW8260B SW5035 MW-101-94 Carbon tetrachlonde

SW8260B SW5035 MW-101-94 Chlorobeflzeno

SW8260B SW5035 MW-101-94 Chloroethane

SW8260B SW5035 MW-101-94 Ctdorofocm

SW8260_] SW5035 MW-101-94 Chloromethane

SW8260B SW5035 MW-101-94 c_s- 1.3- D=chloropropene
SW8260B SW5035 MW-101-94 D_bromo_hlofomethane

SW8260B SW5035 M1N-101-94 Ethylbenzene

Meth},lene chlonde
SW826OB SW5035 MW-101-94 Tet/achloroethene

SW8260B SW5035 MW-101-94 Toluene

SW8260B SW5035 MW-101-94 trans- 1.2-D=chloroethene

SW8260B SW5035 MW-101-94 trans-l.3-D_chlomwopene
SW8260B SW5035 MNV-101-94 T_'=chloroethene

SW8260B SW5035 MW-101-94 Vin_l ct_londe
SW8260B SW5030 MW-I02_ I. 1. I -Tnchloroethane

SW8260B SW5030 MW-102-8 1.1.2.2-Telrachlo¢oethane

SW826OB SW5030 MW-102-8 1.1.2-Tnchlo_oethane

SW8260B $W5030 MW-102-8 1.1-D_chloroethane

SW8260B SW5030 MW-102-8 1.1-Dmhloroethene

SW8260B SWS03O MW-102-8 1.2-Dmhloroethane

SW8260B SW5030 MVV- 102-8 1.2- Dmhl(x rop___pane
SW8260B SW5030 MW-102-8 Benzene

SW826OB SW5030 MW-102-8 Bromod_chloromelhane

SW8260B SW5030 IVlW-IO?-8 Bromofon'n

SW8260B SW5030 MW-102-8 Bromomethane

U 012 1 UG/L -1000

J 009 1 UG/L 190

U 012 1 UG/L -1000

U 012 1 UG/L -1000

U 0.11 1 UG/L 200 0

J 011 1 UGIL 125

U 0 11 1 UG/L -1000

U 0 12 1 UG/L -100 0

U 0 08 1 UG/L -100 0

U 006 1 UG/L -1000

U 018 1 UG/1- -1000

U 01 1 UG/L -1000

U 01 1 UG/L -1000

U 011 1 UC__ -1000

U 012 1 UG/L I -1000

U 013 1 UG/L _ -1000

U 007 1 UG/L -1000

U O 07 1 UG/L -100 0

U 011 1 UG/I- -1000

U 006 1 UG/L -100 0

U 0.12 1 UG/L -100 0

J 0 11 1 UG/L 26 7

U 007 1 UG_ -100 O

U 0 13 1 UG/L -100 0

0 12 1 UG& .;_.a200.0S_
O 13 1 UG/L ._,_200=p:r_'.:

U 078 63 UG/KG -1000

U 069 63 UG/KG -1000

U 0 68 6 3 UG/KG -100.0

6.3 U 69 U 073 63 UG/KG -1000

63 U 69 U 063 63 UG/KG -1000

63 U 3 J 077 63 UG/KG 2000

63 U 69 U 077 63 UG/KG -100+0

63 U 69 U 064 63 UG/KG -1000

63 U 69 U 069 63 UG._KG -1000

091 J 69 U 0+62 63 UG/KG 2000

63 U 69 U 087 63 UG/KG -1000

63 U 69 U 084 63 UG/KG -1000

63 U 69 U 086 63 UGh(G -1000

63 U 69 U 059 63 UG/KG -1000

63 U 69 U 083 63 UG/KG -1000

63 U 69 U 082 63 UG/KG -1000

63 U 69 U 078 63 UC4KG -1000

63 U 69 U 071 6 31UGCKG -1000

63 U 69 U 09 631UG/KG -1000
63 U 69 U 086 6 31UG4KG -1000

63 U 69 U 092 6 3 I UG/KG -1000

63 U 69 UJ 082 6 31UG/KG -1000

63 U 69 U 069 63 UG/KG -1000

63 U 69 U 093 63 UG/KG -1000

63 U 69 U 086 63 UG/KG -1000

63 U 69 U 064 63 UG/'KG -1000

1 U 1 U 012 1 UG/I- -1000

1 U 1 U 009 1 UG_ -1000

1 U 1 U 012 1 UG/L -1000

1 U 1 U 0 12 1 UG/L -100 0

1 U 1 U 011 1 UC__ -1000

1 U 1 U 011; 1 UG/L -1000

1 U 1 U Oll _ UG/L -1OO0
1 U 1 U 012 1 UG/L -1000

1 U 1 U 008 1 UG/L -1000

1 U 1 U 006 1 UG/L -1000

1 U 1 U 018 1 UG& -1000



705 25L

WG SW8260B SW5030 MW-102-8 Cad)on tetrachlonde

WG SW82608 SW5030 MW-102_ Chlorobenzene

WG SW8260B SW5030 MW-102-8 Chloroethane

WG SW82608 SW5030 M1N-102-8 Chloroform

WG SW826OB SW5030-- MW-102-8 Chloromethane

WG SW8200B SW5030 MW-102-8 os- 1,3- Dichlof op'oF_one
WG SW82608 SW5030 MW-102-8 [_bromochioromethane

WG SW8260B SW5030 MW-102_8 Eth_benz.ene

WG SW82008 SW5030 MW-102-8 Melhylene chloride

WG SW8260B SW5030 MW-102-8 Tetrachloroetheno

WG SW8260B SW5030 M_/-102-1 Toluene

WG SW8260B SW5030 MW-102-8 tr ans- 1.2-D,chtoroethefle

WG SW8260B SW5030 MW-102-8 t rans- 1.3-DK;hloropropene

WG SW8260B SW5030 MW-102_ Tr.c_loroethene

WG SW8260B SW5030 MW-I02-8 Vin)4 chloride

WG SW8260B SW5030 MW-103-5 l.l.l-Tnchloroethane

WG SW8260B SW5030 MW-103-5 l.l.2.2-Telrachloroethane

WG SW82608 SW5030 MW-103-5 1.1.2-Tnchlorc_thane

WG SW8260B SW5030 MW-103-5 1.1-Dichfo_oethane

WG SW826OB SW5030 MW-103-5 1.1_D.chloroethene

WG SW8260B SW5030 M_N-103-5 1.2-Dichlorocthane

WG SW82608 SW5030 MW-103-5 1.2-Dichlorop'opane
WG SW8260B SW5030 MW-103-5 Benzene

WG SW8260B SW5030 MW-103-5 Bromodichloromethane

WG SW82608 SW5030 MW-103-5 Bro_nofomn

WG SW8260B SW5030 MW-103-5 Bromomethane

WG SW8260B SWSO30 r_N- 103-5 Carbon tetrachlonde

WG SW8260B SW5030 MW-103-5 Chlo_obenzene

WG SW8260B SW5030 MW-103-5 Chloroethane

WG SW8260B SW5030 MW-103-5 Chloroform

WG SW8260B SW5030 MW-103-5 Chfo_omethane

WG SW8260B SW5030 MW-103-5 _s-l.3-Dichloropr_)ene
WG SW8260B SW5030 MW-103-5 I_bromochloromethane

WG SW8260B SW5030 MW-103-5 Ethytbenzene

WG SW8260B SW5030 MW-103-5 Methylene c_londe
WG SW8260B SW5030 MW-103-5 T elrachlc_oethene

WG SW82008 SW5030 MW-103-5 Toluene

WG SW82608 SW5030 MW-103-5 tr ans- 1.2-Dtc.hloroethene

WG SW8260B SW5030 MW-103-5 t_a ns- 1.3- Dichforopf opene
WG SW8260B SW5030 MW-103-5 Tnchlo_oethene

WG SW8260B SW5030 MW-103-5 VmyI chlonde
WG SW8260B SW,5030 MW-104-5 1,1,1-Tnct)loroethane

WG SW8260B SW5030 MW-104-5 1.1.2.2-Tettachloroethane

WG SW82608 SW5030 MW-104-5 1.1.2-Tnctd_oethane

WG SW8260B SW5030 MW-104-5 1.l-Dichlo.roethane

WG SW8260B SW5030 MW-104-5 1.1-(_chloroethene

WG SW826OB SWS030 MW-104-5 1.2-Diohloroethane

WG SW8260B SW5030 MW-104-5 1.2-Dichfo_oeropane

WG SW826OB SW5030 MW-104-5 Benzene

WG SW8260B SW5030 Iv_N-104-5 Brornodichloromethane

WG SW82608 SW5030 MW-104-5 8romoform

WG SW8260B SW5030 MW-104-5 8r_nomethane

WG SW8260B SW5030 MW-lO4-5 Carbon tetrachlomfe

WG SW82608 SW5030 I_N-104-5 Chlorobenzene

WG SW82608 SW5030 MW-10.4-5 Chloroethane

WG SW8260B SW5030 IvIW-104-5 Chloromethane

WG SW8260B SW5030 MW-104-5 c=s-1.3-D,chloropropeno
WG SW826.08 SW5030 MW-104-5 D,bromocNo,romethane

WG SW8260B SW5030 MW-104-5 Ethylbenzene

WG SW8260B SW5030 M_N- 104-5 Meth)4ene chlonde
WG SW8260B SW5030 MW-104-5 Tetrachloroethene

WG SW8260B SW5030 I'_P_V-104 -5 7olucno

WG SW8260B SW5030 MW-104-5 trans- 1.2- Dic_loroet hene

WG SW82EOB SW5030 Ik_N-104-5 trans- 1.3-D_chlorowopene
WG SW8260B SW5030 MW-104-5 Vmyt chlondo

WG SW8260B SW5030 MW-104-5 Chloroform

WG SW826OB SW5030 MW-lO4-5 Trichloroethene

SO SW8260B SW5035 MVV- 104453 1.1.1-Tnctdoroethane

1 U 1 U I 0 I UG/L -1000
1 U 1 U I 01 UG/L -1000

1 U 1 U 011 1 UG/L -1000

1 U 1 U 0 12 UC-A_ -100 0

1 U 1 U 0 13 1 UG/L -100 0

1 U 1 UJ 0 07 1 UG/I_ -100 0

1 U 1 U 007 1 UG/L -1000

1 U 1 U 011 1 UG/L -1000

1 U 1 U 006 1 UG/I_ -1000

1 U 1 U 012 1 UG/L -1000

1 U 1 U 012 1 UGh. -1000

1 U 1 U 011 1 UG/L -1000

1 U 1 UJ 0 07 1 UG& -100 0

1 U 1 U 013 1 UG/L -1000

1 U 1 U 0 13 1 UG/L -100 0

1 U 1 U 014 1 UG/L -1000

1 U 1 U 008 1 UG/L -1000

1 U 1 U 011 1 UG/I. -1000

16 17 014 1 UG,q- 61

15 17 023 I UG/L 125

016 J 016 J 01 1 UG/L 00

1 U 1 U 0 08 1 UG/L - 1(30 0

1 U 1 U 014 1 UG/t -1000

1 U 1 U 0 13 1 UG.q- -100 0

1 U 1 U 0 12 1 UG/L -100 0

1 U 1 U 014 1 UG& -1000

1 U 1 U 0 14 1 UG/L -100 0

1 U 1 U 0 1 1 UG/I_ -100 0

1 U 1 U 014 1 UG/L -1000

15 16 0 14 1 UG/L 6 5

1 U 1 U 017 1 UG/L -1000

1 U 1 U 1011 1 UG& -1000

1 U 1 U 011 1 UG/L -1000

015 J 019 J 012 1 UG/L 235

1 U 1 U 011 1 UG& -1000

1 U 1 U 012 1 UG/L -1000

1 U 1 U 0 11 1 UG;/L -100 0

1 U 1 U 015 1 UG/[. -1000

1 U 1 U 013 1 UG,q- -1000

44 47 012 1 UG/L 66

1 U 1 U 013 1 UG/L -1000

1 U 1 U 012 1 UG/t -1000

1 U 1 U 009 1 UG/L -1000

1 U 1 U 012 1 UG/L -1000

037 J 021 J 012 1 UG.q- 552

048 J 017 J 011 1 UG/1- 954

1 U 1 U 011 1 UG/L -1000

1 U 1 U 011 1 UG/L -1000

1 U 1 U 0.12 1 UG/L -1000

1 U 1 U 008 1 UG/1. -1000

1 U 1 U 0 06 1 UG& -100 0

1 U 1 U 018 1 UG/L -1000

1 U 1 U 01 1 UG/L -1000

1 U 1 U 0 1 UG/t -100 0

1 U 1 U 011 UG/L -1000

I U 1 U 013 UG& -1000

1 U 1 U 007 UG/L -1000

1 U 1 U 0 07 UG/L - 100 0

055 J 062 J 011 UG/L 120

021 J 026 J 006 UG/L 21 3

1 U 1 U 012 UGh. -1000

1 U 1 U 012 UG/L -1000

1 U 1 U 011 1 UGIL -1000

1 U 1 UJ 007 1 UG/L -100 0

1 U 1 U 0 13 1 UG/L -100 0

10 63 012 1 UG/L i=-._._'_45.4,_-,_.,

64 26 013 1 UC_L '_6_11." 4._!,_'_'_

56 U 63 U 056 56 U_/_G -1000



SO
SO
SO

SO

g_
SO
SO

SO
SO
SO
SO
SO
SO
SO

SO
SO
SO
SO

SO
SO
SO
SO
SO
SO

SO
SO
SO
SO
SO

SO
SO
SO
SO

SO
SO

SO

SO

SO
SO

SO

SO

SO

SO

SO

SO

SO

SO

SO

WG
WG
WG

WG
WG
WG
WG
WG
WG

WG
WG
WG

WG

WG

SW8260B SW5635 MW-104-63

SW8260B SW5635 MW-104463
SW826OB SW0035 MW-104-63
SW826OB SW5635
SW826OB SW0035
SW82608 SW5035
SW82008 SW5035

MW-104453
MW-I_3

1.1,2,2 -Te_rachlocoethane
1.1.2-Tnchloroethane

1.1-O_chlorcethane
1.1-Dlchloroethene
1.2-Dichloroethane

MW-104-63 1.2-D=chloropropane
MW-104_3 Benzene

SW826OB SW5635 IVlW-104-63 Bromod=chloromethane
SW8260B SW5035 MW-104..63 B_'omoforrn
SW8260{3 SW5035 MW-104-63 Brc:_omethano

SW826OB SW5035 MW- 104433 Carbon tetracfilonde
SW8260B SW5035 MW-104_3 Chlorobenzene
SW8260B SW5035 MW-104-63 Chlo_oethane
SW8260B SW5035 MW-104-63 Chlorofown
SW8200B SW5635 MW-104-63 Chloromethano

SW8260B SW5035 MW-104-63 _s- 1.3-OichlOrOl_Opene
SW8200B SW5035 MW-I04-63 Dibromochlotomethane
SW8260B SW0035 MW-104-63

MW-104453
MW-104-63

SW8200B SW5635
SW8200B SW0035

Ethylbenzene
Meth_ene chlor_e
Tetrachloroethene

SW8200B SW5635 MW-104-63 Toluene

SW8200B SW0035 MW-104-63 t[ans- 1.2-D_chl_oethene
SW82608 SW5635 MW-104-63
SW8260B SW5635
SW8260B SW5035

M1N-104-63

SW8260B SW5035 MW-88-78
SW826OB SW0035 MW438-78

SW8260B SW5635 MW_88-78
SW8260R SW0035 MW_8-78
SW8200B SW0035 MW-88-78
SW8200B SW5035 MW-88-78
SW8200B SW5635
SW8200B SW5635

trans-1.3-D=chloropropene
Tnchloroethene

IV&'V-104-63 Vln),l chloride
1.1.1 -Tnchloroethane

MW_88-78
MW_88-78

I_N-88-78
MW-88-78

SW8260B SW5635
SW8260B SW5035
SW8260B SW5035 MW-88-78

SW8260B SW5035 MW-88-78
SW8260B SW5035 MW-88-78
SW8260B SW5035 MWqB8-78
SW8260B SW5635 MW438-78
SW8260B SW5035 MW438-78
SW8200B SW5635

SW8200B SW0035
M_V_88-78
MW-88-78

SW82608 SW5635 MW-88-78
SW8260B SW5635 MW_8-78
SW8200B SW5635 MW-88-78
SW8200B SW5635 MW-,88-78

SW8200B SW5035 MW-88-78

1,1.2.2-Tetrachloroethane
1.1.2 -Tnchloroethane

1.1-Did'doroethane

1,1 -Dichtoroethene
1.2-Dichlorcethane

1.2-D=chloropropane
Benzene

Bre_od_hloromeLhane
Bromofon'n

Bromomothane
Carbon tetrachloade

Chlorobenzene
Chlorcethano

Chl_ororm

Chloromethane

es-1.3-Dichloropropene
D=bromochloromethane

Eth_,lbenzene
Meth),tene chloride
Tettachlotoetheno

Toluene
trans-1.2-Dzchloroethene

SW8200B SW5635 MW-88-78 trans-1,3-Dichloropropene
SW8260B SW5035 M_V-88-78 Tt=chlofoethene
SW8200B SW5635 IVlW-88-78 Vin_ chloedo

MW-99-10 1.1.1-TnchloroethaneSW826OB SWS03O
SW8260B SW5030 MW-99-10 1.1.2.2- Tetrac/nloroethane
SW826OB SW5030 MW-99-10 1.1.2-Tnchloroethane

SW5030 MW-99-10 1.1-Dichlotoethane
MW-99-10 1.1-Dicttto¢oethene
MW-99-10 1.2-DK:filoroethane

MW-99-10 1,2-_chlorop'opane
MW-99-10 Benzene
MW-99-10 Bromodichloromethane

MW-99-10 Brornoforrn
MW-99-10 Bmmomelhane
MW-99-10 Carbon tetrachJonde
MW-99-10 Chlo(obenzene

SW8260B
SW8260B SW5030
SW8200B SW0030
SW82008 SW0030

SW8200B SW5030
SW8260B SW5030
SW8260B SW5030
SW8200B SW5630
SW8200B SW5630
SW8260B SW5030
SW8200B SW0030
SW8200B SW5630--

MW 99-10 Chloroethane

705 252
56 U 63 U 1 56 UG_G -1000
56 U 63 U 067 56 UG/KG -1000

56 U 63 U 067 56 UG,'KG -1000
56 U 63 U 07_ 56 UGh( -1000
56 U 63 U 067 56 UG_G -1000
56 U 63 U 067 56 UG/KG -1000
56 U 63 U 067 56 UG/KG -1000

56 U 63 U 056 56 UG/KG -1000
088 J 1 J 056 56 UG/KG 128

11 U 13 UJ 12 11 UG/KG -1000
56 U 63 U 056 56 UG/KG -1000
56 U 63 U 067 56 UG/KG -1000
11 U 13 U 1 11 UG/KG -1000

56 U 63 U 078 56 UG/KG -1000

11 U 13 U 067 11 UG/KG -1000
56 U 63 U 078 56 UG/KG -1000
56 U 63 U 056 56 UG/KG -1000

56 U 63 U 056 56 UG/KG -1000
56 U 63 U 09 56 UG/KG -1000
56 U 63 U 067 56 UG/KG -1000
56 U 63 U 078 56 UG/KG -1000

56 U 63 U 067 56 UG/KG -1000
56 U 63 U 067 56 UG/KG -1000
56 U 63 U 067 56 UG/KG -1000
11 U 13 U 078 11 UG/KG -1000

55 U 55 U 068 55 UG/KG -1000
55 U 55 U 06 55 UG/KG -I000

55 U 55 U 0.59 55 UG/KG -1000
55 U 55 U 063 55 UG/KG -1000
55 U 55 U 055 55 UG/KG -1000
55 U 55 U 067 55 UG/KG -1000
55 U 55 U 067 55 UG/KG -1000

55 U 55 U 056 55 UG/KG -1000
55 U 55 U 96:55 UG/KG -1000
07 J 07 J 054 55 UG/KG 00
55 U 55 U 075 55 UG/KG -1OO0

13 J 12 J 073 55 UG/KG 80
55 U 55 U 074 55 UG/KG -1000
55 U 55 U 051 55 UG/KG -1000

095 J 09 J 072 55 UG/KG 54
55 U 55 U 071 55 UG/KG -1000
55 U 55 U 968 55 UGfKG -1000

55 U 55 U 061 55 UG,'KG -1000
55 U 55 U 078 55 UGJKG -1000
55 U 55 U 074 55 UG/KG -1000

9 84 _08 55 UG/KG 69
089 J 075 J 071 55 UC_KG 171

55 U 55 U 06 55 UG/KG -1000
55 U 55 U 081:55 UG/KG -1000
55 U 55 U 074 55 UG/KG -1000
55 U 55 U 056 55 UG/KG -1000

1 U 1 U 0 12 1 UGP,- -100 0

1 U 1 U 009 1 UG/t. -1000
1 U 1 U 012 1 UG/L -1000
1 U 1 U 0 12 1 UG/L -IO0 0

I U I U 0 11 I UGIL -I00 0
1 U 1 U 0 11 1 UG/L -100 0
1 U 1 U 011 1 UG/L -1000
1 U 1 U 012 1 UG/t. -1000
1 U 1 U 008 1 UC-/L -1000
1 U 1 U 006 1 UG/L -1000

1 U 1 U 0 18 1 UG/L -100 0
1 U 1 U 01 1 UG/L -1000
1 U 1 U 0 1 1 UG/]- -100 0
1 U 1 U 011 1 UGIL -1000

014 J 013 J 012 1 UG/L 74
1 U 1 U 013 1 UG/L -1000
1 U 1 U 007 1 UG/_ -1000

MW-99-10 Chloroform
SW82608 sw5030 MW-99-10 Chk_omethane

SW8260B SWS030 M_N-99-10 os- 1,3-Dlchloropropene



WG
WG
WG
WG
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WG

WG
WG
WG
WG

WG
WG
WG
WG
WG
WG

WG
WG
WG
WG

WG
WG
WG

WG
WG
WG
WG
WG

WG
WG
WG
WG
WG

WG

SW8260B SW5030 MW-99-10
SW8260B SW5030 MW-99-10

SW8260B SW5030 F,WV-99-10
SW8260B SW5030 MW-99-10
SW8260B

SW8260B ;
SW8260B ;
SW8260B
SW8260B

SW82608

SW5030 MV'/-99-10

SW5030 MW-99-10
SW5.030 MW-99-10
SW5030 MW-99-I0
SW5030 MW-99-10

SW5030 MW-99-5
SW8260B SW5030 MW-99-5
SW8260B SW5030 MW-99-5
SW8260B SW5030 MW-99-5
SW8260B
SW82608

SW5030 IVNV-99-5
SW5030 MW-99-5

SW8260B SW5030 MW-99-5
SW8260B SW5030 MW-99-5
SW8260B SWS030 MW-99-5

Dlbromochlocomethane 1 U 1 U 0 07 1 UG/L -100 0

Eth)dbenzene 1 U 1 U 0 11 1 UG/L -100 0
Meth)4ene chlonde 1 U 1 U 0 06 1 UG/L -100 0
Tetractdocoethene 1 U 1 U 0 12 1 UG/l -1000

Toluene 1 U 1 U 0 12 1 UGIL -1000

Irans-1.2-D_ocoethene

trans-1,3-Dichlofowopene
Tnchloroethene

Vin)d c_lo_e
1,1,1 -Tnc_lomell_ne

1,1,2,2-Tet rachlofoelhane
1,1.2-Tnchlofoethane

1,1-I_chloroethane
1.1-Dlchloroethene
1,2-DJchloroethane

1,2-Dichloropfopane
Benzene

Br<_nod=chtorome_ane
SW8260B SWS030 MW-99-5 Bromofonn
SWB260B SW5030 MW-99-5 Bromomelhane

SW8260B SW5030 MW-99-5 Carbon tetracl_onde
SW8260B SW.5030 MW-99-5 Chlorobenzene
SW8260B SW5030 MW-99-5 Chloroethane
SW8260B SW5030 MW-99-5 Chl_ofo,rm
SW8260B SWS030 MVV-99-5 Chlorodmethane
SW8260B SW5030 MW-99-5

SW5030 MW-99-5
SW5030 I',,WV-99-5

SW8260B

SW8260B
SWB260B SW5030 MW-99-5
SW8260B SW5030 MW-99-5

os- 1,3-DK:hlo_opropene
Olbromochlocornet hane

Ethylbenzene
Methylene chloride
Telrachloroethene

SW8260B SW5030 MW-99-5 Toluene

SW8260B SW5030 MW-99-5
SW8260B
SW8260B

trans-1,2-D,chloroethene
SW5030 MW-99-5 trans-1,3-1_chloropr opene
SW5030 MW-99-5 Tnchlomethene

MW-99-5 1 chlondeSW8260B SW5030

1 U 1 U 011 1 UG/t. -1000
1 U 1 UJ 0 07 1 UG/L -100 0
1 U 1 U 0 13 1 UG/t -100.0

1 U 1 U 0 13 1 UGP.- -1000
1 U 1 U 0 12 1 UG/L -1000
1 U 1 U 009 1 UG/L -1000
1 U 1 U 012 1 UCdL -1000

1 U 1 U 012 1 UG/L -1000
1 U 1 U 011 1 UG/t. -1000
1 U 1 U 011 1 UG/L -1000
1 U 1 U 011 1 UG/L -1000

1 U 1 U 0 12 1 UG/L -1000
1 U 1 U 008 1 UG/1. -1000
1 U 1 U 006 1 UGfl- -1000

1 U 1 U 018 1 UG/L -1000
1 U 1 U 0 1 1 UG/L -1000
1 U 1 U 01 1 UCdL -1000
I U 1 U 011 I UGIL -1000

0 15 J 0 14 J 0 12 1 UG/1. 6 9
1 U 1 U 0 13 1 UGII. -100 0
1 U 1 U 007 1 UG/L -1000
I U 1 U 007 1 UG/L -1000
1 U 1 U 0 11 1 UG/I_ -100.0
1 U 1 U 00E 1 UG/L -100 0

1 U 1 U 0 12 1 UG/L -100 0
1 U 1 U 012 1 UG/L -1000
1 U 1 U 011 1 UG/L -1000
1 U 1 UJ '0 07 1 UG/L -100 0

74

-100 0
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Attachment F - Lab_alory Conh'ol Sample (Blank Spike) Accuracy

._l_ti_'_.._lL_-_r_,",..-" .'_1 "_:st _=C ._'.':"_'____'_'['_'¥'_'_'E_XI'C"'--'_'_"'r'I;.'_;,_E_._'."_"I'_'_."h_EI_z'-_.I,_{_._:,,"#I";'B$" I.'_'_,l,"Y'_'_l"_._'_l_ii_'.,I,T_|
I,u'_,._', I -_-e---_.,.,_ ;'_ I 'A,nal'/ttf_:_l'_'_.mP_"_l'_,L_fich,.-| _ _"_,,r.-_._'_'_';."'_.;_:_.._,l BS ILi6 IB.S L_| _...-:_,_. I o:. .'. I '_ BS,t, IB_LCl _.1_'1

_I'E'_.F..I_,_._.:__I...,. _ ,..'1.-._.._.,.L.._I_,;_'_ _-.,-:,_.,'--,,_,, ,_,_1_ h _ ,l'_._?-_.':-_,_._--, _,,oI,_L_. I_'_lq_._l
L SQ ' C0927S02LCS SW82b0t3 I SW5035 I NONE | 1.1-O_chl<xoethone I 4443 , = UGtKG : 50 ' 89 ' 65/ 135 ] |

[-_6_-o_sb_Cc-s -sw_2r_fiT-_,w_3s_ Nb3E- r--i3--_-_;_; - t 4_:_------'_,,,KG ?-_ ; 9_- i,S-]__:_:_| ....... i
I SQ /C0928SO1LCS SW8260_ SW5035 NONE , 1,1-D_.hk_thene I 4536" = , UG/I(G L so 91 _]

SQ . C0928SOILCS SWB26_B , SW5035 , NONE 1 1-D_hl_'_e_e 4_:36 , = _ UG/_G SO 91 , 65 135

SQ VC1010S01LCS SW8260B 1 SWSO35 ' NONE 1,1-D_J_r_cetllene _ = , UCqKG t 50 } 96__--_F:_-_ ,
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E._¥_Q_6-WA1LCS- SW82_6- j_ -S_N35-26" .--N_)--NE ...... 2.4,6-Tnch_ophenc4 147 8 - --- * ;- _/G_-" I 50-- - 9_ -_:_ i 1-18_ ...... t
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Attochment F - Lob_a_o_y Contto_ Samp&e (BlaJlk Slake) Accuracy
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Att3ctm_nl F - Laboralory Co_tro_ Sampk_ (Plank Sp_e) Aocuracy

___SQ _ Kt_0_2_3S01_ICS. SW82SOB SWSO35 , NONE Chlorobenzene _ 47 77 , = UG/KG J 50 96 ' 65 j_ 135

L_w_Q K1029WmLCS.SW_S__-65B__-S_3_-- -_ .... C_--o_,_,d-,_.... ;- -1_-- -----, -_,'t7 "'[" 6-T so 1-85"f-_T--
l WO R 20;%V0 LCS. SW82SOB S_%'5-0_- " "NObl-_:--- "Chic_ot_7_.n%- - - 10 .... _-'_-C___ I -10"' f- 1(]0 80- _1"i ......
7-w--d--_2_o-__cs- _w-8_ gv_b-_-F_. -c-_,_.-d_ " !--9_ .... -_--Dd._: '1 -,_-"_; --_-_,<;+ ........

' we _R__212W01LCSSWB2f_B SWSO3b'_'U-6_E.... (_h_--o,_e_zer_"- , 105- - :-"--T"DGh_--I" 16-! "i0_'"80-|_TT ...... !
, WO J_2_%'A'-0FL_S-,-S_'_260-_"S',_.(O_0-_-'_O,_E.... _'o_o_ze_-- , _6-3"'-'_--- _--U--C__- i "m" '-3O-3"- 8O I i_F...... -_
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Acronyms

BCT

BRAC

BTEX

CAI !

oC

CIs-1,2-DCE

COC

COCs

cp

DCE

DLA

DQOs

DRC

EB'I

EPA

FS

ft

H2

HRC_M

LTOA

MCLs

MI

.g/L

MNA

OVA-FID

PCE

POL

QA

RAB

RD

RI

ROD

Base Cleanup Team

Base Realignment and Closure

benzene, tnluene, ethylbenzene, and xylenes

chlorinated ahphatic hydrocarlxm

degrees Celsius

Cis-l,2-dichloroethene

Chain-of-Custody

Conshtuents of concern

centipoise

Dlchloroethene

Defense Logist, cs Agency

data quality oblecttves

Depot Redevelopment Corporahon

Enhanced B,oremedlation Treatment

Environmental Protectu)n Agency

Feaslbdity Study

feet

I [ydrogen

I fydrogen Releasing Compound

Long Term Operational Area

Maxtmum Contaminant Level

Mare Installation

micrograms per liter

Momtored Natural Attenuation

Organic Vapor Analyzer-Flame Ionization Detector

Tetrachloroethene

petroleum/od/lubricants

quahty assurance

Restoration Advisory Board

Remed,al Design

Remedlation Investigation

Record of [_'ci,_mn
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RPO

TCE

TI)EC

"IS

UIC

VC

VOC

Remedial Pr(x:ess Optnmizatnon

"rrichloroethylene

Tennessee Department of Environment and Conservatnon

Treatability Study

underground injechon control

Vinyl chloride

Volatile organic compound
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1.0 Introduction

This Enhanced Bioremechahon Treatment (EBT) Treatabihty Study Workplan for accelerated

bioremediatlon of chlorinated volatile organic compounds or, as referred to in this

document, chlorinated ahphahc hydrocarbon (CAt l) compound% in groundwater at the

Main Installation (Ml) of the former Memphis Depot has been prepared for the U S. Army

Corps of Engineers - Huntsvdle Center as part of the Remed,al Dt_ign (RD) for the

remediation of groundwater. The Defense LogisUcs Agency (DI.A) is the lead agency for site

acUvihes 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 TDFC compose the Base Realignment

and Closure (BRAC) Base Cleanup Team (BCT).

Alternative GW3 - Enhanced Bioremediation, as described m the MI Record of Decision

(ROD) document (CH2M HILl., 2001), employs the use of mlectlon of electron donor to

enhance the natural blodegradation procc._,,ses and states that pdot tests wdl be required to

determine inlection volumes, spacing, and depth "1hi.,, workplan is a result of the need for a

pilot test/treatabd,ty study of EBT and has been prepared with reference to Guidance for

Conducting Freatablhty Studie_ under CERCLA Final. (EPA, October 1992).

1.1 Scope of Treatability Study

"]he development of the EB'I Treatability Study has occurred m two phases The hrst phase

involved gathering avadable information to support sel_'hon of appropriate electron donor

substrates for accelerated blodegradahon of CAI Is to evaluate m the held study. Review of

this mformahon has allowed CH2M HILL to construct this Treatabihty Study workplan and

recommend two of the more promising electron donor sul+lTates 1o be evaluated m the

field. The following electron donors are considered to be potentially applicable for the

treatabthty study at the MI

• Hydrogen Releasing Compound (HRC TM) (e g., Regenesls's + polylactate ester);

• Commercmlly available orgamc carbon eh,ctron donor (e g, lactate, butyrate,

propionate, ethanol, vegetable off, or other material); and

• Direct hydrogen addition (e g, hydrogen spargmg)

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

be present for m-situ anaerobic biodegradahon to be effechve. These condttions generally

include presence of approprmte bacteria capable of degrading the target compounds,

suitable electron donors (such as organic carbon or hydrogen), an approprmte terrrunal

electron acceptor procc.'ss (such as methanogenic conditions), and essential nutrients (e.g,

nitrogen, phosphorus, sulfur and low levels of iron, manganese, magnesmm, etc).

Appropriate physical and chemical conditions (such as pH, temperature, DO, ORP), must

also be present.
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The second phase of the treatability study will include installing two tc_t sites to evaluate
the two different electron donor suL;strates. Each test site, located in the southeast and

southwestern areas of the MI, will consmt of injection wells screened across the aquifer, and

monitoring wells where the electron donors and changes m contaminant levels will be

monitored. Momtoring will include basehne and post-reject|on .sampling events. The post-

injection events are scheduled for 6 months after the mlection phase ends At the complehon

of the monitoring events, an EBT Technical Memorandum describing treatability study

procedures and results ",viii be produced that will be included m the Intermediate

(60 percent ) M1 Remedial Design document.

This Treatability Study Workplan is organi:,ed into the following sections and appendices"

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

organization

Section 2.0 Project Description provides background information on the site and

summarizes pertinent waste characterization data. Section 2 also introduces the type of

study to be conducted.

Section 3.0 Treatment Technology Description describes the principles and

characteristics of biodegradation behind EBT as a treatment technology.

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

Section 5.0 Electron Donor Selection defines the selection criteria and conclusion of the

electron donor selection process.

Section 6.0 Experimental Design and Procedures identifies the tier and .scale of testing,

the volume of waste material to be t__.,sted,delivery system, critical parameters, and the type

and amount of rephcation

Section 7.0 Equipment and Materials hsts the equipment, materials and reagents that

will be used in the perfi_rmance of the treatability study.

Section 8.0 Sampling and Analysis de.,,cnbes how the Sampling and Analysis F'lan will

address field sampling, waste characterizahon, and sampling and analysis activ|ties m

support of the treatabihty study.

Section 9.0 Data Management, Analysis, and Interpretation dc_-.x:ribes the procedures

for recording observations and raw data it', the field or laboratory and procedures that will

be used to analyze and interpret data from the treatability study

Section 10.0 liealth and Safety describes how the Health and Safety Plan will address the

hazards associated with treatability testing

Section ll.0 Residuals Management describes the management of treatability study
residuals.

Section 1Z0 Community Relations descnbes the community relahons activlhes

performed in conjunchon with the treatability study.
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Section 13.0 Repotting describes the preparaUon of interim and hnal reports

documenting the results of the treatability study.

Section 14.0 Schedule indicates the planned starting and ending dates." for the tasks

outhned in the work assignment

Section 15.0 References lists all documents citc_ in this plan.
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2.0 Site History and Setting

2.1 Site History

Starting in the 1940s, the Memphis Depot received, warehoused, and dmtributed supplies

common to all U.S nulitary services and some civil agencies. Activities at the MI included

stnrmg and shipping various materials (e.g., food, clothing, medical supphes) and industrial

supplies (e g., hazardous materials). Several commonly used hazardous materials were also

used for faohty maintenance. Hazardous materials which were used or stored at the Depot

durmg its operahonal period include, flammables, solvents, petroleum/od/lubricants

(POl.), paints, t_stiodes, herblodes, wood treating products, oxidizers, corrosives, and

reactwes. The Memphis Depot was deactivated as a military 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 area_ 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 is the golf course,

located m the MI's southeastern sector Topography in the Ml 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 I IILI.,

January 2000). Aquifer thickness in the fluvial deposits ranges from <1 h_ot the northwest

comer of the MI to as high as 57 fcvet (ft) in the west central portion of the MI. Hydrogeologic

cross-sections typical of the geology beneath the MI are presented in Figures 2-2 and 2-3

The cross-sections were developed as part of the 2002 MI Long Term Operahonal Area

(LTOA) Techmc,d Memorandum. Groundwater flow m this aquifer Is variable but Is

primarily southwest, south, and southeast. Figure 2-4 presents the most recent

InterpretaUon of the potentaometric surface underlying the MI.

l'he fluwal aquifer is typically underlain by a clay-rich unit that occurs beneath most of the

MI This upper clay of the ]ackson Fomlation/Upper Clail:xlrne Group does not appear to be

present at the bate of the fluvial deposits in the northwestern part of MI and in the

southwestern part of Dunn Fmld (the northern half of the Memphis Depot) The M1 RI

concluded that clay-rich units (clay or clayey sand) occur m the Jackson Formation/Upper

Claiborne Group at variable elevations, and alto are highly variable in thickness. The

Memphis Sand aquifer is separated from the overlying fluvial aquifer by umts of the

Jackson Formation/Upper Claiborne Group. The Memphis Sand is the source of water

supply for the City of Memphis

A more focused discuss=on of the hydrogeology of each study area is presented in _'ction 5.
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2.3 Nature and Extent of Contamination

The conshtuenl.s of concern (COCs) reported m groundwater beneath the MI, as de,-Jzribed

by the MI Remedial Inveshgahon (RI) Report (CH2M HILL, 2000), are CAI Is, pnmardy
telrachlor(_'tbene (PCE) and trichloroethylene (TCE). hnpacted groundwater is pre._nt

wdhin the fluvial aqmfer. This Treatabdity Study workplan focuses on contamination in the

fluvial aquifer beneath portions of the MI (Figure 2-5) An a'pparent source for this

groundwater contaminahon has not been revealed.

Two dishnct volahle organic compound (VOC) groundwater plumes were delineated in the

southwestern and southeastecn portions of the MI within the RI document. These plumes

appear to have ddferent origins and, based on recent data, do not commingle Figure 2a5
illustrates concentrations of PCE and TCE as well as other CAI ts in the fluvial aquifer, on

the basis of data achieved from the 2001 LTOA mve.,,tigahon. As revealed in groundwater

sample data from this mveshgahon, average PCE concentrations range from below

laboratory detechon hmit to 480 micrograms per hter 0.tg/l,) Average TCE concentrations

range from below laboratory detection limtt to 79 pg/1.. In addihon, an unusual detection
of carbon tetrachlonde and chloroform at average concentrahons of 122 yg/L and 77 lag�L,

respectively, was revealed in the southeast corner of the MI.

Table 2-1 presents additional details on CAHs detected at least once in groundwater

samples collected during the 2001 LTOA mvest_gahon. These samples were colhx'ted

through use of diffusmn bag samplers, which allows h)r sampling at defined intervals
Review of Table 2-1 indicates that contammahon by CAH_ Is spread throughout the entire

thickness of the aquifer and, in some instances, contaminant levels are highest m the upper

portion of the aquifer.
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3.0 Treatment Technology Description

Biological natural attenuation processes include biodegradahon through either co-metabolic

reachons, direct dechlormation, or oxidation Whether an aquifer is aerob,c or anaerobic has

a direct effect on which biological process Is prevalent. Co-metabohc transformation of

CAHs such as I'CE m aerobic or anaerobic 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 aerob,c and anaerobic

environments. The process that occurs frequently for the transformation of contaminant

compounds such as CA! Is is, however, anaerobic reductive dechlormat,on

Anaerobic rtKluctive dechlorination Is a series of reductions through dechlormation

reachons. For example, PCE degrades to TCE, which degrades primarily to cis-l,2-

d,chloroethene (cis-l,2-DCE), which in turn degrades to vinyl chloride (VC), which is

dechlorinated to ethene. Figure 3-1 presents this anaerobic reducttve dechlorinahon

pathway Each step requires a lower reduction/oxidation (redox) potential than the

previous one PCE degradation ix_curs m a wide range of reducing conditions, whereas VC

is reduced to ethene only under sulfate reducing and methanogemc condihons. During each

of these transformabons, the parent compound releases one chloride ion and gains one

hydrogen atoms Two electrons are transferred during the process, which may provide a

source of energy for the micr(n)rganism The ultimate source for the hydrogen and electrons

in this reaehon is some type of organ,c sub_trate. Hydrogen (H2) is relea,;ed dunng

fermentation of the sub,Irate The hydrogen liberated from this substrate acts as the actual

electron donor for respiration (ITRC, 1998)

Subsurface micro, organisms create energy for life processes by oxidizing orgamc matter.

Only those redox reactions that yield energy are facilitated by microorgamsms. During

redox reactions, the oxidation of an electron donor (e.g, native organic carbon, fuel

hydrocarbons, landfill leachate) combined with the reduction of an elcctron aeceptor (e.g,

oxygen, nitrate, manganese, ferric iron, sulfate, carbon dioxide, and anthropogenic

compounds such as CAI Is) ultimately yields energy for use by organisms The microbes are

using carbon (electron donors) as a food source and are breathing, or respiring, electron

acceptors. D,ssolved oxygen (DO) yields the most energy and is used hrst as the prime

electron acceptor. After DO is consumed, anaerobic microorganisms typically use native

electron acceptors (as available) m the following order of preference, nitrate, ferric iron

oxyhydroxide, sulfate, and eventually CAHs (FPA, 1998)

CAH plumes in groundwater can exhibit three types of biodegradation behavior depending

on the amount of solvent, the amount of organic (native and anthropogemc) carbon in the

aquifer, the distnbuhon and concentration of natural electron acceptors, and the types of

electron acceptors being used Individual plumes may exhibit all three types of behavior in

different areas of the plume (EPA, 1998). These three behavior types are as follows:

Type 1 behavior occurs where the primary substrate is anthropogemc carbon (e g,

benzene, toluene, ethylbenzene, and xylenes [B 1EX] or landfill leacbate), and this

anthropogenlc carbon drives reduchve dechlormation Tylye 1 behavior results in the

_V"EAC_T REEV>RO&160492_TASK TS 01 li E8T TREAT $1UgYEBT TREATABILITY STUDY W_LAN1REV I EBT TREAT STUD_REV 1_MI [OT TREAt STUOY
WPDOC 3-6



705 273
R[V 0 f_EMPPCSL'_PO; MA_ LNSIAt[ ATIONESTl REATABILFCfSTUDY

rapid and extensive degradahon of highly chlorinated solvents such as PCE, TCE, and

dlchloroethene (DCE).

• Type 2 behav,or dominates m areas characterized by relatively h_gh concentrahons of

biologically available nahve orgamc carbon; the natural earLx>n source drives reductwe

dechlorinahon. 'Fhls behavior generally results m slower biodegradation of the highly

chlorinated solvents when compared to Type 1 behavior But, areas with high

concentrahons of natural organic carbon can result m rap,d degradation of CAI-ls.

• Type 3 behavior dominates m areas characterized by low concentrations of native

and/or anthropogemc carbon and concentrations of DO greater than 1.0 milhgrams per

liter (mg/t,) Under these condlhons, reductive dcchlormation will not occur, therefore,

little or no removal of PCE, "1CE, and I)CE will occur. Biodegradation may proceed via

the much slower process of co-metabohsm, but will be hmited by the low concentrations

of native or anthrol:x)genic cartx)n. Type 3 Ix, havior also occurs in groundwater that

does not contain microbes capable of biodegradation of chlorinated solvents.

The list of conditions that a microbial population involved m bioremedmhon requires for

sustainabihty includes a source of carbon, an electron donor, an electron aeceptor,

appropriate nutrients, a suitable temperature range, pH, and other environmental

condlhon_. Very" often the carbon source serves as the electron donor. A system that

_timulates the blodegradation of chlorinated solvents by mampulatmg these reqmrements

in the subsurface is referred to as eldaanced anaerob,c blodegradahon or as used here, EBT.

There are several different designs of EBT systems for groundwater using various delivery

mechanisms, degradation mcchanisms, and electron donor or biological amendments The

appropriateness of a particular type of delivery, degradation, or amendment qystem wdl

vary and will depend on the goal of the proposed prolect. Table 3-1 presents available

mechanisms and amendments available for or used w,thin EBT systems.

TABLE 3-1
AvadableMechanismsandAmendments forEBT Systems

Typical Available Delivery Mechanisms
__m

Dual Vertical and Honzontal
Wells - ,nlechon through
well screen of onenled wells

Dual RecJrculat,ngWells
- mjechonof matenal wa
extracted groundwater
and ,ntroduct_onthrough
re-,nlect_n system

Direct Inlechon -
grawty or forced
,nlechonmrs one or
more vert,cal wells

Honzontal and Verbcal

Gas Injection Wells -

,nfect,on of gases

through oriented wells

Passlve-Reacbve
Wells - d,rect

placement of sohdor
cartndge at well screen
or in filter pack of wells

Typical Degradation Mechanisms

Reducfive Dechlonnabon - Aerobic Cometabohsm - Ox,dat,on - direct

reduction of CAHs threugh incJdental oxldabon of degradation

removal of chlonne atoms CAHs whde reducing through generahon

other VOCs of oxygen

Common Available Amendments

Nutnents - inorgan,cs such

as ammonium chlonde,

ammonium sulfate, elc

Electron Acceplors -

oxygen, hydrogen

peroxide

BioaugmenlatK)n -

vanous species ol

mEroorgan,sms

• "Source ITRC, 1998
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One of the objectives of the eh'ctron donor injection at the MI is to define tf 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-

,;cale system "Fable 3-2 pre_ents the groundwater cleanup target concentrations for PCE and

TCE and enhanced reductive dechlorinahon products. Other obiectives for this EB 1"

Treatability Study are presented m Sechon 4

TABLE 3-2

C_ounctwater Cleanup Target Levels

Analytes Units Federal MCLs Maximum Reported Concentration

pg/LTetrachlorethene (PCE)

Tnchloroethene (TCE)

CIs-l,2-Dichloroethylene

Trans-1,2-Dichloroethylene

1,1 -D_chloroelhene

Vinyl chloclde

5

5

70

100

7

2

480

179

53

164

170

02

pg/L micrograms per hter
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4.0 Test Objectives

The EBT Treatabdity Study will be conducted in order to compare the effectiveness of

selected electron donor materials and define the design parameters for a full-scale inlection

at the MI. ]'he objectives of the treatabihty study and additional information reqmred are as
follows:

Obtain additional mformahon on the geology of the aquifer within the study areas The

development of detailed information on the geology of the aquifer will be accomplished

dunng installation of study inlechon points and monitoring wells.

Ascertain the effectiveness of electron donor addition as a remedial treatment by

comparing pre-inlection to post-injection CAH concentrahons Seven p()st-mjechon

monitoring events are currently scheduled. Samples will be analyzed for VOC and
geochem=cal parameters.

Evaluate transport of elc.ctron donors within the aquifer, following injection. "l'he

monitoring points to be installed during this study will be installed downgradlent of the

rejection location in a pattern designed to reveal dechlormation asp(x'ts along aquifer
flowpaths

Estimate the radius of influence of electron donors through analyhcal monitoring The
study mon|toring wells wdl be installed in a pattern designed to capture as much
information on the radius of influence as possible.

Estimate time for aquifer remediahon using electron donors by companng 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 mlectton pressure on the aquifer by measuring water and

pressure levels in adlacen! wells during electron donor inlechon b_ulpment to

accomplish this objective will be installed within each monitoring well prior to rejection

Define the electron donor depletion period in the aquifer by analytical monitoring after

introduction of the donors has been terminated. Seven I:_)st-inlection momtonng events

are currently .scheduled and the sample analytical results are expected to reveal the
depletion of the enhancement materials.

Identify preferential pathways for CAH migration or retention, relative to lithology and
groundwater flow A "tracer" compound (sodium bromide) will be mixed with each

electron donor to provide groundwater velocity and flowpath data In additaon,

hydrogeologxc mformatmn will be compared to groundwater .,,ample analytical results
from each monitoring well.
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5.0 Enhancement Material Selection

"l'hm sechon will examine several factors that will influence the selection of an electron

donor for tile EBT Treatability Study. These factors include the geochemistry of the aquifer,
concentratiou of CAI Is in the aqmfer, dechlorination asgn'cts of ehx:tron donors, rate of

electron donor depletion, and deliverability of the substrale to the targeted portion of the
aquifer.

5.1 Aquifer Geochemistry

The ge(_hemistry of the fluvial aquifer was analyzed by CH2M HILl. in 2000 while

completing a Monitored Natural Attenuation (MNA) study for the Groundwater Feasibility

Study (IS) porhon of tile MI Remediation Investigation (RI)/FS. The MNA study results

were reviewed and commented on by Parsons Engineering Semnce (Parsons) w,thin their

Final Remedial Proces_ Opt_rmzation (RPO) Report (Parsons, 2001). CH2M HI[.I. revised the

MNA document according to comments made by Parsons and presented the late-st version

wlttdn the Rev 0 Memphis Depot Dunn Fmld RI. Several important findings from the

revised MNA study applicable to fluvial aqmfer geochemistry underlying the MI are
reviewed m this section.

Table 5-1 presents a summary of geochemical marker values from the fluvial aqmfer

underlying the MI CH2M 1|ILL (2000), during their rev,ew of this data, concluded that

hmlted hlodegradahon (primarily by reductive dechlorinahon) of the PCE plume m the MI

groundwater appears to be occurring The limltahun on the reductive dechlormatmn

appears to be a result of low anthropogenic or natural carbon in groundwater and elevated

[X.) concentrahons m groundwater. If the dechlormatlon process is to be enhanced, the

general aerobic conditions (DO levels above 1 nulligram per liter) will have to be altered to

anaerobic condlt,ons and the level of carbon increased. Parsons (2001) agreed wflh th,s

interpretation, stahug m the RPO report that degradation of PCE and TCE within the CAI !

plume "to innocuous daughter products is limited by the low organic carbon content m the

substrate and the relahvely oxidizing redox condlhonq "

C! 12M I fILL (2001) through analysis of data from other sites with active EBT studies has

also determined that the presence or absence of t×)tentially ¢ompetmg electron acceptors

may affect reductive dechlorination of CAHs achwty at a site Reviewing data presented m

Table 5-1 indicates that, other than oxygen, elc_.tron accepting nitrate Is present at levels

where mlcroorgamsms may use this instead of anthropogenic electron acceptors 0.e.,

CAHs). ! lowever, the data also show that ferric _ron and sulfate are at levels supportive of

reduchve dechlorinahon, indicating that m,crcx_rganisms may use CAHs for electron

acceptance once mtrate levels decrease. Ferric iron was actually not reported above

laboratory detechon limits, however, it is important to note that ferric iron is not soluble.

Also, Byl (Personal Commumcation, 2002) reported that the sands and clay of the fluvial

aquifer in West Tennessee does contain significant quanhhes of femc iron. According to

Bouwer and McCarty (1984), the absence of ferric iron may lead to direct use of CAI Is as an
electron aeceptor.
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5.2 Electron Donor Description

Potential electron donors for the EBT Treatability Study can be categorized as highly .soluble

compounds, slow release compounds, or as direct hydrogen addition.

Highly soluble compounds

• Lactate was reported by Murt (2001) to be a successful donor for stimulating

dechlormation of PCE m a "geochemically 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 atetate anti 112,

resulting in high H2 levels that persist for only short periods as various H2-using

organisms deplete it. However, lactate may be fermented to propionate, which itself can

serve as a more slowly fermentable source of persistent, low 1-12levels. Lactic acid can be

prepared as very strong stock solutions to prevent microbial growth. Murt (2001)

reported using 60 percent food-grade sodium lactate. The viscosity of a 60 percent

solution of sodium lactate at 20 ° C xs ,'38centlpolse (cp) as compared to the viscosity of

water at this same temperature of 1.002 cp.

• Butyrate acid amendment in one laboratory study resulted in less methanogenesls than

did amendment with ethanol or lactic acid, which generated much higher 1-12levels.

Butyrate acid can be prepared as very strong stock solutions to prevent microbial

growth (ITRC, 1998).

• Ethanol did not support complete dcchlormatlon, during the short-term tests of one

mzerocosm study, but was a viable donor over long-term tests because a portion was

converted to proplonic acid. Ethanol can be stored as a pure solvent to prevent microbial

growth (ITRC, 1998).

• Molasses was the fastest acting substrate in a CH2M I IILL microcosm study, but this

substrate was also used primarily to generate methane, not to drive reductwe

dechlorination. Multiple studies reported m the literature suggest these result_ 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 l IRC ® degrades to lactic acid then to

organic acids including pyruvic acid and acetic acid, releasing hydrogen along each step.

The release of the HRC "_ is dissolution lind time to breakdown ester dependent The

viscosity of 11RC ® at 20 ° C is 20,000 cp.

• Vegetable Oil has been shown in some studies to cause immediate declines in aqueous

'1CE concentrations, due to solubility of the TCE m the oll phase. Results of microcosm

and held studies have been mixed. Evaluation of groundwater analytical results

2 months into a vegetable oll interim remedial action m Orlando indicates that ground-

water quality data are relatively stable, with no upward or downward trends of CAH

degradation evident but with strong indication of increasing natural attenuation The

slow releac, e of the vegetable oil is dissolution dependent. The viscosity of soybean oil at

20°C is 69 cp.
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Direct addition of hydrogen

• Hydrogen sparging of aqulfer_ contaminated with chlorinated solvents has shown

promtse as a method to enhance microbial dechlormahon in-sltu. However, the low

solubility, explosive nature of this gas, and poor aquifer distribution have limited the

use of hydrogen as an in-situ electron donor.

5.3 Injection Site Description

Effechve enhanced in situ bioremedlahon requires delivery of amendments to the targeted

portion of the plume, bite specific characteristics that drive electron donor .selechon and

affect the dehverabdlty of donors include contaminant concentrations and locahon,

hydraulic conductivity, and soil types and heterogeneities.

5.3.1 MI Southwest Corner- Treatability Study Area 1

According to the MI ROD, areas in the southwest comer 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 m the

underlying groundwater Table 5-2 presents the VOC groundwater sample analytical results

from the MI RI (CI-12M HILL, 2000) for momtoring wells and ple/ometers that are present in

this area 0 e, MW-21, MW-22, MW-47, and PZ-04; see Figure 5-2) Additional monitoring

wells MW-100, -101, and -102 have been installed in th_s area as part of the recent I:I'OA

investigation efforts Groundwater samples collected from these newly installed wells and

the results of thai samphng are summarized tn Table 5-3

As presented in "1able 5-2, groundwater sample analytical results from the MI RI for

monitoring wells MW-21, MW-22, MW--47, and PZ-04 indicate that the magnitude of PCE

and '1CE conccntrahons in on-site wells MW-21 and MW-22 have been fairly consistent over

the sanwhng period and that, when analyzed for, the degradation product cls-l,2-

dlchloroethene is present Concentrations of PCE have ranged from an estimated

concentration of 2 pg/1. to 12i) lag/L. I'CE concentrations have ranged from an estimated

concentration of 2 .ug/L to 39 lag/L. Offsde monitoring well MW-47 and piezometer PZ-04

has revealed thai southwest of the MI relatively high con(entration slugs of PCE have

migrated through the fluvial aqmfl,r. PCE was detected at 200 .ug/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 lag/L

Groundwater analytical data for Treatability Study Area 1 has been recently supplemented

with analytical data from the 2001 LTOA investigation (Tables 2-1 and 5-3). Results from

L I'OA monitoring wells MW-I()0 and MW-101 indicate that contamination by PCF and "1CF.

of this area of the fluvial aquifer is greater than prevluusly known. Specifically, in MW-101,

PCE was revealed a_ high as 530 .ttg/L, a concentration approximately 4.5 times greater than

previously detected in 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 lugher concentrahons in the center of the aquifer

Average depth to water in "1reatabfllty Study Area 1 is approximately 99 ft below ground

surface, l'he aquifer is eshmated to be approximately 35 ft thick and bounded by an
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underlying clay l lydraulic gradient for the area, as measurc_l from MW-22 to MW-101, is

3 3E-03 ft/ft. "lhe hydrauhc conduchvlty for monitoring wells MW-21, MW-22, and MW-47,

as reported in the Ml RI, were found to be I 7E-02, 9.4E-03, and 7 7E-03 centimeters per

second, respectively, which is equal to 48, 27, and 22 ft/day, respectively. These values

correspond to hydraulic conduchvities reported by Driscoll (1989) and Fetter (1988) for a

well-sorted slit and sand with groundwater. As reported in the MI RI, the fluvial aquifer in

the southwestern corner of the MI is composed of gravel with clay silt or sand Assuming an

effective porosity of 30 percent and an average hydraulic conductivity of 32 ft/day,

groundwater flow m this portion of the fluvial aquifer is, on average, 0 3.5 ft/day or

approximately 128 ft/year.

5.3.2 MI Southeast Corner- Treatability Study Area 2

The groundwater sample data presented m Tables 2-1, 5-2a, and 5-3 rew'al that

groundwater contamination in the southeast corner of the MI is comparable to contaminant

levels in the southwest corner. As a result, one of the study areas will be placcd in this

location, specifically the area centered around momtorlng wells MW-86 to MW-92

(Figure 5-3).

Average PCE concentrations detected in monitoring wells installed during the 1"10A

investigation in the southeast corner of the MI (i.e, MW-85, -86, _,8, -92, and -96) were

found to range from below laboratory detection limit to 198 _tg /I. in monitoring well

MW-86. The highest concentration of PCE detected was 280 Iag/L in MW-86 Average TCE

concentrations in these same wells were found to range from below laboratory detection

limit to 2.3 lag/L m momtoring well MW-85. The highest "ICE concentration was revealed

wllhm MW-85 at 26 lag/L. The wells in "l'reatabdity Study Area 2 also contained significant

leveN of cis-l,2-DCE, the highest average concentration was revealed at 53 lag/t, m MW-86.

Also, carbon tetrachloride was revealed as high as 140 I.tg/l. in MW-85. An additional

finding of the analytical data is that, just a', in Treatability Study Area 1, contamination by

CAHs 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 in Treatability Study Area 2 is approximately 99 ft below ground

surface. "lhe aquifer is 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 hydraulic conductivities for monitoring wells MW-25, MW-26, MW-50,

and MW-52, as reported in the MI RI, werE' found to be 2.712-03, 1.6E-03, 2.9F-03, and 5.9E-03

centimeters per _,c'ond, respectively, which is equal to 7.6, 4.5, 8.2, and 16 7 ft/day,

respectwely. These values correspond to hydraulic conduetivlhes reported by Driscoll

(1989) and Fetter (1988) for a well-sorted silt and sand with groundwater. As reported in the

MI RI, the fluvial aquifer in the southeastern comer of the MI is compo_'d of grawq with

clay slit or sand. Assuming an effective porosity of 30 percent and an average hydraulic

conductivity of 9 ft/day, groundwater flow in this porhon 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 od could be used as one of the

reduchve dechlorination substrates, based upon the results of the June 2001 Final Remedtal

Optmnzat*on Report developed by Parsons I_gineenng Science, Inc. (Parson,;) for the
Memphis Depot. The decision was based on the successful enhancement of reductive

dethlorination by vegetable oil at other sites with underlying aquifers contaminated by
CAHs, as reported by Parsons (personal communication, 2002). CH2M ! III.I, has also used

vegetable oil as a substrate at several sites and has reported little to moderate reduction in

contaminant levels as a result. An emulsion of vegetable oil (specifically food-grade soybean

oil) and liquid lecithin (a h)od grade surfactant) as supplied by Central Soya Company of

Fort Wayne, Indiana will be used as an EBT electron donor source in Treatabihty Study
Area 1

A process of elimination was used to determine the second substrate based on data collected

from other enhanced reductwe dechlormation sites. Several factors important to the

dec|s_on making pr()cess included use of substrate at other sites, contaminant concentrations

at the EBT Treatability Study in comparison to other sites, aquifer characteristics versus

w_o,,ity of the substrate, equipment rtxlmred for delivery of the substrate, and general

'.,uccess level at other sites. Table 5-4 prc.,sents the summary of this data analysis and com-

parison. Based on these factors, hydrogen spargmg was ehminated due to the complexity of

donor dehvery. High viscosity substrates such as HRC "¢and molaqses were ehmmated, due

to depth to the water table and potential distribution problems m a matrix with a clay con-

tent Although lactate, butyrate acid, and ethanol are all considered effective, consmtently
fast and effec-tive results were reported m both field test and microcosm studies with the

lactate l'herefore, lactate in the form of 60 percent sodmm lactateas supphed by JRW
Iechnolog|es of Lenexa, Kansas has been chosen as the second electron donor substrate for

the field evaluahon. The lactate wdl be rejected at Treatabihty Study Area 2.
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6.0 Experimental Design and Procedures

This section describes the achvihes and processes required to complete the EB'I Treatability

Study and to meet the study objectives. The effechveness of reduchve dechlorination

through addition of vegetable oil will be evaluated against the effectiveness of lactate, based

on groundwater data ('olh_n'ttxt from test sites.

6.10ve iew

"lhe design and execuhon of enhanced bioremediation must reliably distribute the electron

donor through the treatability study test area, without displacing contaminated

groundwater within the testing zone with injected solutions. Optmns for apphcation of the

vegetable oil emulsion and lactate include:

• Dual Well or Trench Recirculation - extraction and reinlectlon of groundwater through

groundwater wells

• Injection Only Systems - injection through groundwater wells or direct push l:x)ints

Based on the depth to groundwater and concentrahons of VOCs, "injection only" through

rejection wells was selected for the EBT "l'reatabdlty Study. The advantages of the inlechon

only system alternahve are that wells provide the option of electron donor addition,

bmaugmentatlon, or a batch electron donor feed meehamsn_ at several point.', in the source

area or along the plume length typically at lower costs than c".,tabhshmg a stationary

recireulahon system.

Treatability Study Area 1 will be the soybean oil and lecithin emulsion test site In

"1reatabihty Study Area 2, a substrate mixture consisting of 60 percent food-grade sodium

lactate will be rejected. The proposed injection point and monitoring well configuration 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 preliminary activities associated with the EBT "l'reatabdlty Study

Section 14 presents the sehedule of activities for the study effort Preliminary study activities

associated with the implementation of the treatability study include

• Coordination with Memphis Depot personnel on the location of utilities in the area;

• Coordinatum with the Depot Redevelopment Corporation (DR(.') and the appropriate
tenants;

• Baseline groundwater.sampling event;

• Definition of the electron donor injection quarthhes,

• Treatabihty study monitoring and injection well installation and sampling;

Ig)EACHT R'EE%n'_O,_IGO492_TA.S.KTS01 541t-BT l ,<U_AT $ T'LJDY',EJBTTREATABIUI'_ STUDY _ ! EBT TREAT STUDY_A£V I_MI EBI 11,iEAT STUOY
WPDOC G-_



705 282

REV 1 MEMPHIS DEPOT PAlEBT TRF ATAP,_.ITY STL_Y WORKR AN

• Designation of areas for temporary storage of eqmpment and materials; and

• Site-specificsecurity and safety concerns.

Applications will be submitted for any required dnlhng and groundwater injection permits.

Injection of the electron donor substrate is considered to be tile start of the EBT Freatabllity

Study test period

6.2.1 Utility Locating

The field engineer will mark locations of approximately 19 additional monitoring wells and

7 injection wells at least 2 weeks prior to commencement of the activity All locations will be

approved by Memphis Depot and DRC representatives, and all utilities will be marked by a

professional utilities locating service prior to the start of drflhng. The preliminary monitor-

ing and mlection well localiorts are depicted in Figures 6-1 and 6-2 but f.nal locations will be

based on the results of the baseline groundwater sampling event (see next section) and

utility k)cations and conditions eocountered in the field. The installation of the monitoring

and injection wells is the only intrusive activity planned for this field effort.

6.2.2 Baseline Groundwater Sampling Event

A baseline groundwater sampling event encompassing all existing monitoring wells (except

for those reeently sampled as part of the LTOA investigation) and plezometers on- and off-

site of the MI will be conducted as a prehnunary activity. The workplan describing the basis

for this baseline event and well purging and sampling procedures is included as Appendix

A (Basehne Groundwater Samphng Plan for Main Installation Monitoring Wells) to fins

workplan Samples will be analy:,ed for VOC content and several important geochemical

parameters, as shown in Table 6-2.

Analytical results from tins sampling event will be used to (1) establish momtoring well

and reJect|on point locations for the FBT 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 of

electron donor needed to enhance reductive dechlorination within the fluvial aquifer.

6.2.3 Electron Donor Injection Quantity Determination

After analytical data from the basehne sampling event have been reviewed and tabulated,

the data will be u_ed along with other geologic and hydrogeologic data from the fluvial

aquifer to define the dose of electron donor to be injected at the test area_ Factors to

consider in the development of the dosage level are contaminant concentrations, effective

porosity of the aquifer, aquifer matrix (i.e., sand, silt, or clay), area of influence,

geochemlqtry of the aquifer, and dehvery method.

Prehmmary dosage estimates to be inlected at the two tc_t sites during the EBT Treatability

Study tests are described within ,Section 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

preliminary activities to serve as downgradlent momtormg points from the reject|on zones
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In addition, approximately 7 mleetlon wells will be installed sequentially (Figures 6-1 and

6-2) Each well will Iv,_,installed by Prosonic Corporation using rota.',omc drdling methods

Rotasonic dmlhng was selected because it is the most effective method for boring advance-

ment and well installation under the site hydrogeologic coodmons. The depth to water (e.g,
95 to 105 feet below ground surface [ft bgs] on average) and geologic characteristics of the

fluvial aquifer 0 e, tight sands mixed with gravel up to cobble size) may cause problems

with installation of the wells using other drilhng methods Final locations of each well will

be based partially on the results of a baseline groundwater sampling 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 in Appendix B -

EBT Treatabihty Study Momtormg and Injection Well Installation Procedures.

As qhown m Figures 6-3 and 6-4, monitoring wells will be located downgradient no closer

than 5 feet and no greater than 40 feet from the injection area to intercept the potential

radius of influence as the rejected substrate begins to migrate from each point. Each moni-

toring well will have no more than fifteen b._,etof screen and the position of the screened

interval within the aquifer will be dependent upon the following: (1) thickness of the fluvial

aquifer as determined by field personnel, (2) CAH contaminant dish-lbution within the

aquifer as deternuned by the baseline groundwater sampling results and LTOA ground-

water .sample analysis results, and (3) CAH contaminant d,strlbutlon within the aquifer

matrix as determined by soil sampling. Where apphcable, momtormg wells will be set as
pairs at each location. During the drilling effort, soil samples will be collected from the

vadose zone wherever Organic Vapor Analyzer/Flame Iomzation Detector (OVA/FID)

measurements are above 20 ppm or wherever there appears to Ix, obvious staining in the

soft profile No more than one sample will be collected from each boring. In addition soil
samples will be collected from the aquifer and analyzed for I'OC content Final locations of

each well wdl be based partially on the results of the basehne groundwater sampling event
to be conducted in February and March 2002

At both study areas, the screens for momtoring wells will be set at specific zones within the

thickness of the aquifer The depth of each zone ts based on a review of historical analytical

data for the MI, particularly the 2001 L'I OA data that indicated the entire aquifer thickness

is contaminaled by CAI Is and the center portion of the aquifer contains, on average, higher

levels of contamination than either the upper or lower portum of the aquifer. For

Treatability Study Area 1, where the aquifer thickness is approximately 35 feet, .screens are

to be set within the upper, middle, and lower zones of the aquifer in the well closest to the

inlection area. This is to ensure that analytical data is being developed across the entire

aquifer. The monitoring well within the upper zone wdl utdlze a 1f-foot-long screen whde
the remaimng two ,'ones will have wells with 10-foot-long screens only. For the other

monitoring well locations in l'reatabllity Study Area 1, the screens will be set in the central

portion of the aquifer to ascertain representativE, changes in the contaminant and chemistry
of the groundwater

For Treatabdity Study Area 2, the aquifer thickness is on average 13 feet. However, based on

data collected from MW-86 during the UI'OA study, the aquifer can be as lhick as approxi-

mately 19 feet. Therefore, screens wdl be placed in both the upper and lower zone for all

monitoring wells. The final length of each screen wdl depend upon the thickness of the

aquifer as defined during the drilhng effort. Howew'r, no screen will be greater than 10 feet
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in length. Two wells to the south of MW-86 are an exc ephon to this. Based on hydrogeologic

data from the I,TOA investigation, these wells are hkely to be installed within a porhon of

the aquifer with average thickness and for that reason will utihze 15-foot-long screens.

Injection well_ will be placed perpendicular to the groundwater flow direction in each study

area. Since reformation developed during the LTOA effort on the vertical dtstribution of the

CAH plume in each study area indicates that contaminahon by CAHs ts spread throughout

the aqmfer, the screen interval for each injection well wdl be set across the entire thickness

of the aquifer. However, for Treatabdity 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

Monitoring and injt'ction well points will be sampled after each has been developed as a

baseline event prior to reJection of the electron donor substrate The samples will be

collected and analyzed according to the procedure's pre_ented in Appendix A and list of

parameters shown m "Fable 6-2.

6.2.5 Other Preliminary Activities

Prior to commencement of held activities, CH2M HILL repre_entatwes will contact

personnel at the Memphis Depot and DRC to locate temporary storage facilihes that will be

accessible during the entire 6-month testing period The fac|hhes wdl be used to store field

equipment required for samphng activ*ties or other well maintenance tools, l)urmg the

discussions wdh the Memphis Depot and DRC personnel, site-specif|c security and safety of

personnel and equipment will be rev*ewed. The mforn|at|on gamed from these dLscusslons

wdl also be included within the site-specific Health and Safety Plan for further reference

6.3 EBT Treatability Study Process

The EB I"Treatabdity Study will begin with introduction of the elet'tron donor substrate into

the fluvial aqu=hrr via reject|on points and will conclude with the last groundwater samphng

event at the end of a 6-month monitoring period.

6.3.1 Substratesand Tracer

As stated in Sechon 5.4, the electron donor substrates wdl con_*st of an emulsion of

vegetable od (specifically food-grade soybean od) and hqmd lecithin m Treatabihty Study

Area I and lactate in the form of 60 percent sodiuln lactate as the second electron donor

substrate at '1reatability Study Area 2. The electron donors are available commercially

Quantities of substrate are presented in .Section 7 0

In addition to the substrate, a tracer will be inje_ ted that will allow for monitoring of the

movement of groundwater away from each of the injection wells .Sodium bromide, a salt

with high solubdity in water, will be used as the tracer and will be mixed with both of the

electron donors prtor to reject*on. Once rejected, the bromide *on wtll be analy/ed for in all

groundwater _amples collected from the downgradient monitoring wells
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6.3.2 Substrate Injection Method

6.3.2.1 Substrate Preparation

The preparahon process will begin with the loading of potable water from the City of

Memphis into on.site mixing tanks A temporary water meter will be obtained from the city
for this purpose The water, which m free of turbidity and potential contaminants, will be

used to mix with each elex tron donor. The vegetable oil emulsion mixture and sodmm

lactate that is brought to the site wdl be placed within the storage tanks for initiation of the
mixing process In addition to the substrate, a tracer will be mlected that will allow for

monitoring of the movement of groundwater away from each of the mlection wells. Sodium

bromide, a salt with high solubihty m water, will be used as the tracer.

Frior to mjechon, the in-tank mixers will be activated to properly mix the soybean od-

lecithin mixture or sodmm lactate, the bromide tracer, and water in preparahon for

injection.

6.3.2.2 Substrate Injection

The electTon donor substrate will be injected into the fluvial aquifer via the 2-inch-diameter

injection wells. The fluids 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 "travelhng screen block". The pumping will beginning at the bottom of the

well and move upwards, pushing the electron donor out into the fluvial aquifer at an

approximate rate of 3 gallons per minute Prior to inlechon of the vegetable oil emulsion, a

high shear mixer wdl be used to form a micro-emulsion of each fluid with droplets less than
10 micrometers m d_ameter.

Pressure gauges connected to the injection pipeline will allow observers at the surface to

note the amount of resistance to the fluid being pumped into the aquifer. Inlechon pressure

is expected to be less than 100 pounds per square inch Fhe pumping will continue until the

prescribed quantity of substrate has been pumped into the aquifer Current e_timated

quanhty to pump into the rejection wells is 2],138 gallons in Treatability Study A'rea 1 and
10,569 gallons m Treatability Study Area 2 (see Section 7). Water obtained from the fluvial

aquifer will be u_d to flush the remaining electron donor from the injection pipehne.

Assuming the volumes of emulsion/water m_xture and volume of water flush can be

successfully inlected lntu the formation equally and radial along the entire length of the

injection screen, and assuming a 30 percent effective porosity in the fluvial aquifer, the

column of substrate formed in the aquifer should be approximately ]0 feet in diameter

around each injection well. l'he effective soybean oil/lecithin saturation in the subsurface

after rejection _.scomplete is targeted at 25 percent of the effective pornmty. For the sodium

lactate, this target is 15 percent of the effective porosity.

During the course of injection, water samples from downgradlent wells will be monitored to

check for emulsion/water breakthrough. The pre._nce of phase-separated oil emulston in
each well and the impact on the groundwater table will be measured w_th an oil-water

interface probe. The presence of soybean oil or soybean oil emulsion in each well will also

be checked wsually using by collecting ,;amples with a clear polyethylene bailer
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6.3.3 Performance Verification Monitoring

After the electron donor has been injected into the fluvial aquifer, a period of time will be

required beh)re an increase in the enhanced bioremediation process can be confirmed.

During and after this process, C112M HILt, will collect groundwater samples from each test

area monitoring well. Samples wdl be collected on a bi-weekly basra for the first month and

monthly h)r the next 5 months from each treatabdity study mondormg well and existing

monitoring wells, where apphcable Sample collechon methods wdl be the same as those

presented in Appendix A Samples will be analyzed for VOCs as well as several

geochemical parameters, as descrd:n.,d in Table 6-2, by Kemron Analyhcal Servzces.

6.3.4 Bioaugmentation

A number of microorganisms can be used to promote the reducttve dechlorination process if

the system does not proceed past the degradahon of a daughter product. For example, if

PCE were degraded to em-l,2-dlchloroethene but not degraded beyond that to other prod-

ucts such as vinyl chloride to ethene, then mtcroorgamsms could lye added to the _ystem to

enhance the process. For the fluwal aquifer, the need to bioaugment may occur because

relahvely high levels of IX) may keep the system aerobic or the system may only have

hmited amounts of microorganisms that exist in an aerobic environment Anaerobic

dechlorinating microorganisms that may be apphcable include Dehalococcus ethegene_ strain

195 or the Pmellas-type.

In most cases, such bioaugmentation results in the estabhshment of non-native bacterial

populations that decrease within days or w_.'eks due to competitwe pressures or other

environmental factors. At this hme, there are no plans to nnplement bioaugmentation at

either test area, however, tf this approach is mshtuted, an addendum to this workplan wdl

be submitted to the BCI for review and approval.
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7.0 Equipment and Materials

Other than standard field equipment necessary for field achvities, the field eqmpment

required for the implementahon of the EB'I "Ireatahd_ty Study wdl include a drdhng rig to
install the monitoring and inlection wells and pumps and ancillary equipment to inject the

electron donor substrate. Groundwater samphng equipment Is described m Appendix A.

Additional materials necessary for this prultx-t include the quantaty and type of elet iron
donor substrale.

Monitoring and injection wells will be drilled via rotasonic drilling technique'._. Rotasomc

drdhng was selected because it is the most effechve method for bonng advancement and

well installation under the site hydrogeologic condit3ons. The depth to water (e g, 95 to

105 feet below ground surface [ft bgs] on average) and geologic characteristics of the fluvial

aquifer (i.e., tight sands mixed with gravel up to cobble size) may cause problems wdh

installation of the wells using other drilling methods. Also, heaving .sands anti gravel up to

cobhle size have caused serious problems for hollow-stem auger equipped rigs at the Depot

m the recent past. Air rotary style drilling has not been used because of the heaving sand

problem. Mud rotary style dnlhng might be applicable m some instances, however, the hme

spent handhng investigative denved waste and generating fluids for the drilling process

dt_'rease the hkehho(_ of using this drdling 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 mlechon, the material

wdl be mixed in an onsite mixing tank. For further mixing and shearing of the soybean

od/lecithin electron donor, a high shearing mixer will be placed in the mlection plI_qine to
form a microemulsion

Tables 7-1 and 7-2 present the prehmmary estimates for the dose of electron donor substrate

to be mlected at both test sites. The total quantity to be injected was based on the highest

level of PCE detected to date, 530 lag/i,. An electron donor substrate dosage of four times

the highest contaminant level was estimated as the quanhty required to shmulate the
reduchve dechlorination process Therefore, the mimmum substrate concentration in

groundwater after inlechon into the aquifer will not be less than 2 mg/L.
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8.0 Sampling and Analysis

The samphng and analysis pr(_edures presented below outline required achvihes

associated with the EB 1 "l'reatabdlty Study to define its effectiveness in decreasing CVOC

cnncentTahons in groundwater underlying the Memphis Depot. In addition, the information

below outlines locahons, frequency, and analyses for soil and groundwater to be collected

during and after installahon achvihe_ and system operahon as ',,,'ell as analyses reqmred for

disposal characteri/.ation for wastes generated during remora[ aehvihes.

8.1 Data Quality Objectives

l'he data quahty obj____'hve _, (I)QOs) detailed m Table 8-1 are estabhshed to achieve objectives

nuthned in Section 4

TABLE 8-I

Data Quahty Obtect]ves
m.

Objective Qualitative DQO

Vedlcal profile of
CAH dlstnbubon

Develop vedJc.al profile of
CAH dJstnbut_on w,thm

fiuwal aquder

Electron donor
effectwenesa

Evaluate transport
of reduchve
dochlonnatton
enhancemenl
materials Wthln
aqu,for

Est,mate radius of

influence

Compansan of CAH levels
prior to mjechon to CAH
levels post-m/echon and
COmparison of
parenUdaughter rahos of
CAHs from prewous to
subsequent injechons

Develop understanding of
concentrahon changes and
flow patterns wtthm aquifer

Define vctume effected by
mtroduct,on of electron
donor substrate materml

Quantitative DQO

Analyze groundwater
samples collected during
basehne and mondoeng
events Analyze all by
SW-846 Method 82608
In add,tton, analyze
groundwater samples for
geochem=cal parameters

Compare results of
groundwater sample
analysis for VOC and
geochemical parameters
for pre- and post-
rejection samples

Analyze downgradfent
groundwater samples
results for CAH levels.
geochemK:al parameters.
and groundwater tracer

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

Method to Obtain DQO

Collect groundwatar samples from

memtonng wells dunng sdo-wlde
groundwater basehne samphng
event, samples from mjechon and
mondorlng wells durlng baseline
event, and samples from monllortng
wells dunng ponodJc momtonng
events

Collect groundwater samples from
momtormg wells in pro- and post-
miecbon events and analyze
according to SW-846 Method 8260B
and goochem=cal parameters Obtam
results and compare in tabular form

Inject groundwater Vacer pnor to
mjectK>n of electron donor substrate
Install mondonng wells and collect
groundwater samples according to
SW-846 Method 8260B and analyze
for patterns of results m each
downgrad,ent well

Install mondor,ng wells and collect
groundwater samples according to
SW-846 Method 82608 and for

bromide and analyze for patterns of
results _n each downgradlont well
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TABLE 8-1

Dala Quality Oblecbves

Objective Qualitative I)QO Quantitative DQO Method to Obtain DQO

Rate of reductK)n
of CAH levels and

hme requzred for
reduchon to

regulatory levels

Effect of injectzon
pressures

Depletion of
electron donor
substrate =n

aquifer

Define the time elapsed
since mtreducOon of
electron donor substrate

and compare basehne
levels of CAHs to end of
test levels to pro',nde
estimate of time requ=red to
reduce enhre plume to
requ=red levels

Determine if iniechon of
elect.,'on donor substrate

resulls m mounding of
water/substrate above

stahc top of water table

Define It_e time elapsed
since mtroducbon of
electron donor substrate

and compare basehne
levels of CAHs Also,
determine _f substrate

conhnues to appear in
monitoring wells as
product

Analyze downgradzent
groundwater samples to
determine concentrahon

change of contaminants
and geochem_cel
parameters Compare
coneentrahons after end
of test to baseline levels

and time elapsed, and
using rate of flow from
tracer test. define time

required |o reduce enhre

plume to regulatory
levels

Uhhze pressure or water
level transducers or

depth to water measunng
instrument =n surrounding
mlect_on and mon_tonng
wells to determine =f
mounding results from
mJechon

Analyze dow'ngradlent
groundwater samples to
determine concentration

change of contaminants
and geechem=cal
parameters Compare
concentrahons after end
of test to baseline levels

and hme elapsed

Install mject.'on wells Install
monitonng wells and collect basehne
groundwater samples according to
SW_46 Method 8260B Inject
groundwater tracer pnor to mlecbon
of electron donor substrate Collect

groundwater samples from momtonng
wells and analyze for patterns of
results in each downgradlent well

Install injection and monltonng wells
and wepare each valh transducers
connected to data logger except for
injection well Set transducers for
static water level and reject material
From response of water level,
determ=ne d mounding results from
mjechon

Install rejection wells Install
monltonng wells and collect basehne
groundwater samples according to
SW-846 Method 8260B Also analyze
for substrate content Inject electron
donor substrate Collect groundwater
samples from momtoneg wells and
analyze for patterns of results tn each

downgradlenl well

8.2 Soil

8.2.1 SoiICore Sampling

During the drilhng of each boring for momtormg and injection wells, soil cores will |_e

collected m continuous sampling mode from land surface to the bottom of each boring The

core ,samples will be collected m plastic tulxo bags placed at the end of the core barrel

subsequent to drilhng each 10- to 20-foot length l'he core samples wtll be cut open and

examined for geologic characteristics immediately upon return to the surface. I leadspace

held scrcnenmg (see field screening SOP m Techn|cal Memorandum SA.01 - Data Colh'chon

Plan fi)r Long-Term Operahonal Areas (L l OAs), Main fnstallahon, Memphzs Depot) will be

conducted over each core using an Organic Vapor Analyzer-Flame Ionization Detector

(OVA-FID) until the last core is removed from the boring.

_)fl samples will be collected from the vadose zone wherever OVA-FID measuremenLs are

above 20 ppm or wherever there appears to be obvious _tammg m the soil profile. No more
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than one sample will be collected from each boring In addihon, one soil samples will be

collected from the aquder from each boring and analyzed for 1"O(2 content.

8.3 Groundwater Sampling

8.3.1 Baseline

A basehne samphng event will be conducted across the MI prior to the locating and dnlhng

of monitoring and injechon wells associated with the EBT Treatability Study. All on-site and
off-site monitoring wells and pie/ometers, except for those recently sampled as part of tire

LTOA Inveshgatton, will be sampled. All samples will be analyzed for VOC content. In

addition, 18 wells will be selected for geochemical analysm samphng. Addihonal

mformahon on flus sampling event is provided m I'able 6-2 and Appendix A

8.3.2 Pre-lnjection

Prior to mlechon and after development of each of the newly installed monitoring and

mlection wells, groundwater samples, will be collected from each Iocahon Groundwater

samples wtll be collected according to procedures d__.'scnbed in Appendtx A. Groundwater

samples intended for analys_s of VOC content will be collected through the use of

polyethylene (hffuslon bags (;roundwater samples intended for geochemical analysis wtll

be colh_'cted by a low-flow bladder pump system All groundwater samples for VOC

analysts will be analyzed according to EPA Method SW8260B.

8.3.3 Post-Injection

.Seven groundwater samphng event.,, will take place after the electron donor substrate has

been injected into the fluvial aquifer The first tv,,o events will be bi-weekly followed by

monthly events for the next 5 months. Groundwater will be sampled from each Ell 1

momtnring well and samples will be analyzed for VOC and geochemical analyte content

el'able 6-2) Sampling procedures will be simtlar to those described in Appendix A except
that collection of the diffusion bags will take place on a 2-week basts instead of three

In addition to collecting samples for VOC and geochemical content, samples wtll be

collected for electron donor substrate or breakdown product distribution in the aquifer,

including

• Metabohc actds 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

Informal,on generated from the EBT Treatabdlty Study will include geologic,

hydrogeologic, and geochemical data. In addition, biologic reformation may also be

generated =f bioaugmentat,on procedures are implemented during the study Geologic data

wdl be derived from tile installation of monitoring and injection wells and will include:

• hthologic and stratigraphlc charactenshcs of the Io¢._,,, and fluvial deposits that overlie

the fluvial aqmfer;

• l,ithologic and ,;trahgraphic characteristics of the fluvial aquifer.

Hydrogeologlc data wdl derive from review of sample.", collected for analys,s of the

groundwater tracer that is to be injected prior to start of the rejection phase The data will

include dehmtion of the groundwater flow rate within the fluwal aquder (;etx'hernical

reformation from this study will derive from analysts of all groundwater sample,, collected

for VOC and ge{x:henustry. "l'hc_ data art" critical for determination of the effoctlveness of

enhanced bioremed,at_on in the fluv,al aquifer If neces,.ary, biologic mformatiun wdl also

be gathered dunng the study and will refhxt the type of microorganisms present m the

aquifer as well as the type required for augmentation

9.2 Data Management

Data management for the EB 1"Treatability Study will match the rtKlu,rements of the DQOs

presented in Section 8. Most of the fiek| data will be obtained through the efforts of held

screening, whlch includes u_e of direct-reading instruments, and laboratory analysis of

.samples. The informahon presented In this section Is considered supplemental to the lhnal

Generic QAPP for the Memphis l)epol activities

9.2.1 Sample Numbering System

During samphng events conducted for the EB 1"Treatabdity Study, nomenclature w=ll be

used to distinguish between categones of samphng events, sample locations, and, where

appropriate, depth of sample collection Sample numbenng protocol will be as shown in
Table 9-1.
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TABLE 9-1

Sample Numbenng Protocol

Type of Sample(s) and
Sample Event Location

Basehne Groundwater

Sampling for VOCs
and Geechemmtry

Mondonng and
Injection Well
Installatvon

Basehne Sampling of
Mondonng and
Injection Wells

Treatabddy Study
Samphng Events of

EBT Momto_mg Wells

Gro_Jndwaler; Sdewide
a_oss Mare Installation

Sod, In both study areas

Groundwater, In both

study areas

Sample Number Description

For VOC samples, sample
numbers wdl reflect depth of
dzffuszon bag sampler located
in each well Samples for
geochemistry wdt reflect
sample IocatK_n only

Samples will reflect Ioc,atzon
and depth of sample collection

All samples vail have an EBT-B

des_gnabon to reflect this
basehne event For VOC

samples, sample numbers will
also reflect depth of d=ffus_n
bag sampler located m each
well. Samples for geechemlstry
vail also reflect sample location
only

Example Sample
Number

For VOCs. MW92_95-
100-BL

For Geochemistry
MW92-BL

MW109_t00-110

MW110. 110-120

For VOCs MW92-

EBT-B_95-100

For Geqchemlstry
MW92-EST-B

Groundwater, In both All samples vail have an EBT- For VQCs MW92-

study areas TS designation followed by an EBT-TS-l_95-100
number (begmnlag wdh 1)
refecbng the sequential For Geochemistry
samphng events For VOC MW92-EBT-TS-1
samples, sample numbers vail
also reflect depth of d=ffus_on
bag sampler located =n each
wall Samples for geochemistry
vail also reflect sample Iocat=on
only

For Duphcate samples, a "D" vail be mseded at the end of the sample number Matnx sp_ke/mab'=x sp=ke
dupl=cates vail be denoted vath an "MS/MSD" at the end of the sample number Equ=pment, field, and thp blanks
wdl be des_lnated vath "EB'. "FB', and "TB', respectwely

9.2.2 Field Screening Data Management

Field .screening efforts will include ambient air screening around mumtoring and mjectton

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

portable direct-reading instruments. The data colh_'cted from these instruments will require

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

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

• Date and time;

• Elapsed tzme since test began, as necessary;

• Location of measurement/location where the sample was collected, as necessary, and

• [nstl'ument rueasurernent.
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Each measurement will IX, handwritten into a bound field notebook and, after the entire test

has been completed, the data will be transferred into an electromc file for use within the EBT

Treatabihty Study report.

Other field notes to be collected during performance of the Treatability Study and written in

the held noteix)ok(s) include- weather lrdormatlon; personnel present during onsJte

activities; subcontractor names and activities; sketches of the test system used during the

study, notes on the proximity of the system to established facilities within the Ml; and all

other pertinent information that may effect study results. This informahon wdl be Included

in the "1reatabdlty Study report, as necessary.

9.2.3 AnalyticalLaboratoryDataManagement

Multiple samples will be submitted to an analytical laboratory for VOC and geochemical

analysis and reporting During collechon of groundwater and soll samples, the date, time,

location of sample collection, and sample number will be recorded m the field note[K)ok.

This information will be transferred, as required, to the Chain-of-CushKly (COC)

documents. Copies of the COC will be kept at the site until the study is over and will be

transferred to the slte files for record keeping.

After the analyhca] data have been received from the laboratory, the data will be stored

eh.,ctromcally, summarized, and reproduced for the EBT technical memorandum Prior to

thls, however, the data wdl he reviewed by a prolect chemist for quahty assurance (QA) If

there are any differences betv,,een the chemist's and the laboratory's review of the data, a

lelter report will be issued de_ribmg the differences and any potentla] results from the

study. Electromc Dehverable Data will be delivered according to FDM5 4 0

9.3 Data Analysis And Interpretation

The data collected during the study will be tahulated and graphed to observe trends in

relevant groundwater parameters. Data collected at each monitoring ]ocahon '.rill be

compiled to provide an overview of the changes that occurred throughout the test plots. In

addihon, a statistical analysis will be performed to determine tf obverved changes in

measured concentrations are statistically significant These changes will be compared to the

vanahon observed in the water extracted from the observation well A t-test with a 5 percent

significance level (0c= 0 05) will Ix, used to compare the mean value of measured

concentrations from separate samphng events

All data and resulting interpretahon will be presented and described within the EBT

technical memorandum and each Remedial Design document for the MI l'he data will aim

[xe used as a basis for the dcsign of the groundwater remedy.
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10.0 Health and Safety

A site-specific I IASP for the tasks presented hereto was prepared by CI t2M I I11.I, in

February 2002 Issues particular to the EBT study are discussed within the HASP. These

i_sues may include but not be limited to the following

Groundwater Sampling: Use of Pumping Equipment - The use of equipment to obtain

samples includes air-operated bladder-type pumps, electrical generators, tubing,

diffusion bags, and portable direct-reading instruments. The work will require effort

around potentially hazardous environments and will roquire controls on ambient air
hazards.

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

MI will require the u._ of rotasonic equipped drill rigs. The use of this equipment has

inherent haz.ard% including rotating mechanical equipment, potential hazardous

atmospheres, noise, and potential slips, trips, and fall possibilities.

Soil Sampling - Soil from the fluvial aquifer may potentially contain levels of VOCs

hazardous to personnel exl_lsed to the vapors Screening with field equipment will be

necessary to keep the ha,'_lrds In_,low achon levels.

Ambient Air Monitoring Action Levels - The existing I IASP provides achon levels for

upgrading levels of per.',nnnel protet hon from Level D to Level C and LEVFI. B

However, employing engineering controls to prevent V(X? emissions is preferable to

uqmg personnel protective equipment. If the action levels for l.evel D are exceeded

during the operation of this study, the study work efforts wdl be revised for corrective

actions. Actions may include changing ambient air measurement locations or bringing in

equipment to reduce the hazards
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11.0 Residuals Management

Waste handling wdl be dealt with dunng the Treatability Studies. Waste may be classified

as noninvestlgative waste or investigative/field-generated waste.

Noninvestigative waste, such as htter and household garbage, will be collected on an as-

needed basis to maintam the site in a clean and orderly manner. This waste wdl be

eontamen/ed and transported to the designated .sanitary landfill or collection bin.

Acceptable containers will be sealed containers or plastic garbage bags.

Investigative/field-generated waste will be properly containerized and temporarily stored

at each s=te, prior to transportation Depending on the constituents of concern, fencing or

other special marking may be required, l'he number of containers wdl be eshmated on an

as-needed baslq Acceptable contaMers wdl be sealed, U.S. Department of Transportation-

approved steel 55-gallon drum_ or roll-off box-type containers "lhe containers wdl be

transported m a manner to prevent spillage or parttculate loss to tbe atmosphere To

facilitate handhng, the containers will be no more than half full when moved

l'he investigative/field-generated wa',te will be segregated at the sate according to matrix

(sohd or liqmd) and means of derivation (drill cuttings and decontamination fluids). Each

container will be properly labeled with s=te identification, samphng point, depth, matrix,

constTtuents of concern, and other pertinent information for handhng

Soil cuttings generated from the momtoring point installation procedures will be placed m

drums or uther appropriate storage dewces and stored at the site. The sod wdl be sampled

for final disposal purposes according to methods and analyses required by the accepting

corporation Once the soil analytical data have been obtained, the soil wdl be removed from

the M1 within 60 days. Previous IDW soil samples were analyzed by "1CLI _ methods and

were found to be non-hazardous "1he soil did not reqmre special procedures for

transportation and disposal

Wastewater generated from well development, purging, sampling and equipment

decnntamination actlwt]es must also be stored at tile site prior to removal from tile MI Once

analytical data have been obtained, the water will be removed from the MI within 60 days

During past mvestTgation activities at the MI, IDW water was dTsposed of m the City of

Memphis sewer system after a temporary permit had been obtained from the City of

Memphis Pubhe Works Department. The permit provided an explanation that the water

contained concentrations of contamm,mts szmtlar to the effluent from the operating Dunn

Fmld groundwater extraction system, which discharges into the Gty's ¢,ewer system.

_U:_'ACHTRE_ 1G0492_TASK TS 0l _ E0f TREAT STI}DY_jBT TREAT/k_ILITY STUI3Y _ 1 EBT TREAT STUI)Y'tRE v I_MI EBT TREAT STUDY
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12.0 Community Relations

The Memphis Depot has an active community involvement that monitors the events that

occur at the Memphis Depot site as well as Ihe MI. The EBT "1reatabihty Study wtll occur

with the knowledge of members of the community, many of which hve lust beyond the

perimeter of the MI It is lmperahve that this study be conducted according to the

specifications presented herein and that if any changes are necessary proper nohfication is

followed along with discusmons with all stakeholders.

It is anticipated that the plans for the treatability study will be presented to the Memphis

Depot Restoration Advisory Board (RAB) prtor to field activities. In addition, prior to

initiation of field actwlties, fact sheets describing the treatahdlty test and duration of the

fieldwork will be distributed to the local commumty members that live in the area

surrounding the MI The findings from the study will also be presented to the RAB

members once they are finahzed

_t.PEACHTRE E'_NO_ f 60_92_TASK TS 01 - Idl ESI TREAT STUOYt,EBI TRFATADILITY STUDY _V I EBT TH:EAT STU DYt,l_.cV I_MI EBI TREAT STUDY
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13.0 Reports

An EBT Treatability Study techmcal memorandum will provide the necessary

documentation of the completed Treatability Study process. CH2M HILL wdl complete the

technical memorandum ac_.ording to the schedule presented in S_'chon 14.0. The technical

memorandum wdl include, hut not be limited to the following

• A description of the EBT system construction and additional momtoring and injechon
well installation,

Description of methods, includmg rejection, monitoring, and samphng, enacted during

the study and electron donor substrate performance;

Field measurement methods,

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

Results of analysis of the analyheal data via computer models, including contaminant

concentrahon% groundwater geochem=stry, change m contaminant concentrahon versus

basehne concentrahons; and

• Recommended parameters for the final design.

The EBT technical memorandum will alto contain a separate scctton that covers the data

quahty and vahddy At a mimmum, the following n_ormahon will be included m this
._rction:

• Assessment of measurement data precision, accuracy, and completeness,

• System and F_'rformance audit results;

• Potential QA problems and corrective achons implemented, and

• Copies of documentatmn, such as memos and reports.

It'P_ACHIRELC_PROJ_I60492_TASK TS 01 MJESTTREArSTUOY_EBTTR:£ATABILtTYSrUOYWI)LA_E'v ' IFBTTREATSTU_Y_EVI_Ii_EBTTIg:EATSTUOY
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14.0 Schedule

14.1 Preliminary Schedule

The following prehminary schedule (Table 14-1) is presented for the EBT Treatability Study

fleldwork and preparation of the final technical memorandum.

TABLE 14-1

PrellmlnaP/Sct_ule

Task Date Completed

January 14, 2002Submit Rev 0 EBT Tmatabddy Study (TS) Workplan as part of the RD Wod_plan to
the U.S Army Corps of Engineers and BCT

Conduct Basehne Groundwatar Samphng Event

Rece=ve Comments on Rev 0 TS Workptan from Agencies and USACE

Submit Rev. 1 TS Wodq)lan

Contact Utd=ty Locetors (Tenn Ut/htJes Hothne at 800-351-1111)

Install Monitoring and Injection Wells vathin each Treatabilily Study Area (Event
includes well development and baseline sampling of each new well)

Analyze Baseline Samples of Monitoring and Inject=on Wells

Injection of Electron Donor Substrata miD Study Areas

Performance Mon=tonng of Substrate Effect

Conduct Laboratory Analyses of Final Groundwater Samples

Conduct Final Laboratory Data Evaluat=on

Prepare EBT Techmcal Memorandum for submittal w=th MI Intermediate RD report

Submit Weekly Field Status Report to USACE & BCT and Conduct Monthly
Teleconferences to Discuss F=eld/Lab Results

Febroary 19, 2002

March 15.2002

April 14, 2002

March 30, 2002

May 15. 2002

May 25, 2002

June 25, 2002

January 15, 2003

January 15, 2003

January 31, 2003

February 15, 2003

February through
January 2003

P _IEO4g_TA.SK IS 01 I/4 EBT TREAT STUDY_EBT t k'_.ATAB41.11_S T1j_y 'e_o_REV 1 EBT TT_.AT STUOY_ZEV 1_!k41EBT TREAT STUDY V_T) OCC 14.1
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Table 5-1

Geochemical Markers of the Fluvial Aquifer Undedylng the MI

Rev 1Memptus Dcpo_Ma_nInsta[lattonEBT TreMab_lyStudy Work_n

Geochemical Marker Reported Range" Background Values Units Biodegradatlon Activity?

Soluble Chloride lOll

ORP

Dissolved hydrogen

Dissolved oxygen
Nitrate

Ferrous(Fe :_°) iron

Fernc (Fe3÷) iron

Manganese
Sulfate/Sulfide

Methane

Alkalinity

pH
Temperature
Ammonia

Total Orgamc Carbon
BOD

CAH daughter products

11 - 24

145 - 238

1 39- 3 13

545-756

18-29

ND

NO

ND

4 3 - 18/ND

0 002142 - 0 005964

45 - 90

578-579

1996-21 38

ND-05

ND

ND

present

'Range Ls repoded for wells wlth,n the p_urne area

ORP = Oxldabon/Redox PolentJal

BOD = 8,ocpem,cal Oxygen Demand

CAll = Chlonnated Akphat_ Hydro_3rbons

rn_ = n'=ll_Jrarns per liter

mV = n_lhvoIL5

nmJL :- _P.ometer'5. per liter

ppm = pads per mdhofl

su = star_azd urtds

C = centK3rade

u9/1_ = m=_rogfams per 1,1_

10 mg/L
209 mV

1 19 n rr'JL

6 51 inglE

2 1 rng/L

ND mg/L

ND mg/L

ND mg/L
30/ND mg/L

0 000067 mg/L

95 ppm
6 17 su

18 44 degrees C

0 2 ppm

ND mg/t.

ND mg/L

ND u_IIL

Supportive

Not suppodwe

Supportive

Not suppodrve

Not supl_rtlve

Not supportive

Supportn_e

Supportive

Suppomve

Not support=re

Suppomve

Supportfve

Supportwe

Not supportive

Not supportive

Support,re
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Tabte 6-1

List of PreliminaryActivities of the MI EBT Treatability Study
Rev 1tVlemphtsDepotMIEBTTreatabl#ty_udy Workp/an

Activity Description Purpose

Utility Locating

Baseline Groundwater Sampling

Electron Donor Injection Quantity
Determination

Mondonng and Injection Well

Installation and Sampling

Other Field Actwlhes (Site

commumcahons, temporary
storage, secunty)

Location of site utifhes prior to
intn, Jslve activities.

Sampling of all eXlSltlng on- and
offsde monltonng wells and

)iezometers and analyze

samples for VOC, metals, and

geochemical parameters

Determination of quantity

required to inject into the fluvial
aquifer to ehance reductlve

dechlonnabon processes.

Install 19 monltonng and 7
rejection wells in two EBT study

areas using rotasonlc methods
Screened intervals for each type
well wdl be located for most

effechve sample and injection
results

Communicate with DRC and

_ersoonel at Memphis Depot

Business Park regarding

3ommumcatlons, storage needs,
_nd site security

Ensure that no service lines or othe_

otlhbes may be present m the

locations selected for monitoring or
mjechon wells

Define current VOC plume

configurahon in the fluvial aquifer
and set baseline for reduchve

dechlonnation and long-term natura

attenuation monltonng studies, as

defined by the MI ROD.

Quantdy of matenal to inject Jsvital
to enhancement of the reductive

dechlonnatloo process

Wells required as part of study

actlvibes. Sampling of groundwater
subsequent to mjechon will be
cnhcal to define if reducbve

:Jechlonnahon is progressing and
reducing cun'ent levels of CAHs in

rluvial aquder.

Estabhsh roles and chain-of-

command, storage for equipment
required dudng study, and security

of equipment and personnel
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Tal_e 6-2

Analytical Protocols for EBT Samples

Rev 1MemphisDepolIv_n In,_aIlabonEBTTrea_ab__tudy Wo_kplan

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

Laboratory
Groundwater*

Redox Potential

Dissolved Oxygen
pH

SpecJfic Conductance

Temperature

VOCs

Dassolved Gases (ethene,

ethane, and methane)

Dissolved orgamc carbon

Direct-reading meter

Direct-reeding meter

Direct-reading meter
D_rect-readlng meter

Direct-reading meter

SW8260B

RSK175

SW9060

L

L

L
Nitrate, nitnte
Sulfate

Sulfide

Carbon dioxide

BromMe
Chlonde

Ferrous Iron

Manganese

_kahnlty

Metabolic Fatty Acids
Oil m Water

Soil

Total Orgamc Carbon

V etableOil Lactate and
Tracer

VOCs

SW9056

SW9056

E376.1

3HEMetncs Method 4500
E320.1

SW9056

Hach Kits

SW6010B
E310 1

E300 0

SW1664

SW9060

8260B

"Reported in sequence ol sample co_leCtK)n
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f,1 - C_E

%

trans - f.2 - DCE

Rgure 3-1

Anaerobic reducUvedechlorination pathways (Wiedemeier et a11997).
Rev. 1MemphisDepotMa_nInstallattonEBT TreatabilityStudyWorkplan
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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 4

Tennessee Department of Environment and Conservation (TDEC)

(2112M 11113,

OAre. January 14, 2002

Introduction

This Basehne Groundwater Sampling Plan (BGSP) has been prepared as part of the

Enhanced Bioremediation Treatment (FBT) Treatablhty Study Workplan for the Main

Installahon (MI) and describe,,; groundwater sampling activities needed in preparation for

the EBI study Recent groundwater sampling event_ have fox'used on mdivklual sitc.,s

within the MI wlule occurring at different periods, no complete groundwater study has

been performed wltlun the MI since October 1998 1"o develop a comprehenswe

understanding of the current groundwater contaminant extent, all pertinent monitoring

wells (MW) and piezometers (PZ) associated with the MI, both onsite and nffsite, will In,

.sampled.

Subsequent to the analysis of all samples, tile data from this event will be used to formulate

the final quantity of electron donor substrate material to inject into the aquifer for the EBT

study and other phases of the MI Remedial Design. In addition, the information gained

from this samphng event will be used to define long term monitoring needs at the MI.

Objectivesof BaselineGroundwaterSamplingPlan
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 as

various gtx.x_'hemical parameters required for an understanding of the reductive

dechlormahon activity in the fluvial aquifer

The analytical results will be used to: (1) define monitoring well locahons for the [-BI"

Treatability Study, (2) provide up-to-date VOC contaminant concentration data for tile

fluvial aquifer; (3) provide up-to-date geoehelmcal parameter data hlr the fluvial aquifer,

and (4) refine the quantity of nutrient source needed to enhance reductive dr, chlorination

within the fluvial aquifer



705 331

Data Quality Objectives

The data quality objectives (_) are found in Table 1 and have been estabhshed to

achieve the sampling objechves. 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 entire 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

la[x)ratory analytical methods.

Twenty--eight momtoring wells and five piezometers will be sampled for VOC,; during this

event. In addition, eighteen monitoring wells will be sampled for various geochemical

parameters l'able 2 lists all Ml monitoring wells and piezometers and identifies those that

will be included in the basehne samphng event. Figure 1 presents the location of tile

sampling points Sixteen monitoring wells were sampled for VOCs using diffusion bag

samplers during the Long-Term Operational Area (LTOA) investigation (November and

December 2001) and this data will be used to supplement reformation gathered during this

baseline event Groundwater samples will be analyzed according to methods described in
Table 3

Field Activities Methodology

l'ield activity procedures will follow methods described herein, lhe following site-specific

plans should be used for further reference on applicable methods and procedures:

• Operable Units 2, 3, and 4 and Screening Site';" Field Samphng Plan Addenda

(C112M I IILL, September 1998)

• Operable Unit 2 Field Sampling l"lan (CH2M HII.I., September 199,5)

• Operable Unit 3 Field Sampling Plan (CH2M HILL, September 1995)

• Operable Unit 4 Field Samphng Plan (C112M HII.L, ._ptember 1995)

• Screening Sites Field Samphng Plan (CH2M 1 ILL[., September 1995)

• Generic Remedial Investigation (R1)/Feasibdlty Study (FS) Work Plan (CH2M HILL,

August 1995)

• Hazardous and Toxic Waste Health and Safety Plan (CH2M HII.I., August 1995)

• Generic Quality Assurance Prnlect Plan (QAPP) (C112M HILL, February 1995)

Groundwater Sampling

The methods and procedures used in the field will adhere as closely as possible to

proccxtures described in the U S. EPA Region 4 Science and 'Ecosystems Services Division,

Enwronmental Investigatwns Standard Operating Procedures and Quahty Assurance Manual

(EISOPQAM), dat_._ May 1996 (revised in 1997) as well as sampling and purging

procedures presented in Low-Flow (Minimal I)rawdown) Groundwater Samphng Procedures

(Puls and Barcelona, 19)6), Sect'tons 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 deionized or distalled
water, which are lowered into the well screen interval. The concentration gradient between

the VOCs in the well and the water-filled bag result,, in diffusion of contaminants into the
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sampler. Diffusion bag samplers will be located m each ",veil as described in Table 2

Construction, installation, and sampling of the diffusion bag samplers wdl follow guidance
developed by the U.S. Geological Survey (2001) in User's Grade for Polyethylene-Based Passtve

DCfuston Bag Samplers to Obtain Volahle Orgamc Compound Concentrahon zn IA'ells. Diffusion

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

Collection of groundwater samples from piezometers will d_ffer from monitoring wells The

small diameter (0.5 inches) of the plezometer casing necessitate:, the use of d small diameter

bailer instead of a bladder pump. Before sampling, each piezometer will have at least three

well volumes purged using the bailer. Fmld measurements of DO, ORP, turbidity, pH,

temperature, and SC wdl be made dunng the purging process until stabilization
Pie/ometers wdl al.,:,o be sampled using the same bailers Each bailer will be dLscarded after
each use.

All gee.chemical samples will be collected using a bladder pump system in order to

minimize agitation of the groundwater and sample turbidity. The bladder pump will be

eqmpped with high-density polyethylene (t IDPE) tubing lined with Teflon ® and the pump
will be l_Slhoned wflhm selected wells as dc_.,cnbed in Table 2. Field measurements of DO,

ORP, turbidity, ptt, temperature, and SC will be made every five minutes These

parameters will be measured using an alrhght flow-through cell. Purging will continue

untal field measurements are stable according to the following standards, plus or minus 0.1
pH, plus or minus ten mfllivolts ORP, plus or remus 3 percent for specific conductance, and

plus or minus 10 percent for turbidity and dl,,';olved oxygen

All samph.'s will be preserved as required in "lable 4 and will be delivered to a laboratory
wflhm the approprmte holding period.

In addition to groundwater samples, QA/QC samples ',viii be collected during the field
effort. The QA/QC samples include field duphcates, matrix spike/matrix spike duphcate,

ambwnt blanks, equipment blanks, and trip blanks "lhe quantity of QA/QC samples
collected at the sfle will be m accordance wflh gu_dehnes in Section 5.13.11 and 5 13 12 of

the EISOI'QAM and as presented m Fable 4.

Investigation-Derived Waste (IDW)

Purge water will be contained in drums and transferred to the Groundwater Extraction

System located at Dunn Field No drums will be staged on-site.

Logistics

Equipment, supplies, and personnel required tn complete the baseline sample event at the
MI will mobihze after approval of tlus Br,_;SP.The t la/.ardous and Toxic Wast(" Health and

Safety Plan (CH2M IIILL, August 1995) for Memphis Depot will be amended prior to the
start of field activihes.
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Table 1

Sampling, Analysis, and Data Quality Objectives

_ Depot Ua,, m:=,._ _s_me G_r_ater Sam,_

Sampling Method Associated Well Numbers

MW-16. 19. 20.21.22, 23, 24.
Diffus_on Bag 26. 34.36. 38. 39. 47.50.52.53.

Samplers 55. 62. 63.64.66. 72.81.82.83.
84.89. and 90

Teflon Bailer PZ-04, 05, 06, 07. and 08

Low-Flow MW-16, 21, 22, 47, 50, 72, 83,
Techmques 85.86, 88, 92, 93, 96. 97, 98.

(Bladder Pump) 100, 101, and 102

Data Quality Objective

Category

OeSndwe

Defimbve

Definitive

Data Qauality Objective/Purpose

Quantify VOC conlamlnabon in

fluvial aqu.fer by ensunng sampling
methods are conszstent wdh recent

sampling events Also. prowde
addibonal information on the

strabficatzon of conamlnants In the

fluwal aquifer

Same as wev=ous objeclwe In
addit=on, only productive method for

samphng groundwater from

,ezometers wdh 0 75 inch ID casing
in a water table greater than 33 feel

below ground surface

Determine current reduchve

dechlonnatlon actlwty m fluv=al

aquder for EBT study and Remed=al,
Des=gn Acceptable sampling

method for geochemJcal parameters
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Table 3

Analytical Protocolsfor Samples
MemphisDepotM_=nInstafiatto_BasekneGroundwaterSamphn9 Plain

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

Laboratory
Groundwater*

Redox Potential

Dissolved Oxygen

_H, turbidity
Specdic Conductance

Temperature

VOCs

Dissolved Gases (ethene,
ethane, and methane)

Dissolved total organic carbon

Direct-reading meter

Direct-reading meter

Direct-reading meier
D=rect-readmg meter

D=rect-readmg meter

SW8260B

RSK175

SW9060
Ndrate, nitrite
Sulfate

'Sulfide

Carbon dioxide
Brom=de

Chlonde

Ferrous Iron

Manganese

Alkahmty

Metabolic Fatty Ac=ds

SW9056

SW9056

E376 1

CHEMetrlcs Method 4500

E320 1
SW9056

SM 3500 FED

SW6010B

E310 1
E300 0

F
F

F

F

F

L

L

L

L

L

L
F

L

L

L

L
L

L

"Repo_led,nsequence ofsamplecollechon
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Appendix B - EBT Treatability Study
Monitoring and Injection Well Installation
Procedures
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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 HILL

April 8, 2002

Introduction

"Ibis memorandum has been developed to outline the procedures to be u,_d in the field

during momtoring and inlechon well installahon for the EBT Treatability Study within the

Main Installahon (MI) of the Memphis Depot Each momtormg and inlechon well boring

will be drilled u_mg rotasomc dnlhng methods and each well will be constructed according

to procedures and specifications deseribed herein.

Objectives of Monitoring and Injection Well Installation

The objectives of tile mstallahon a_ hvitie-, are to"

• Install and complete injection wells for the apphcahon of tile electron donor substrate

into the fluvial aquifer

• Install and complete momtormg wells downgradient of the anhcipated electron donor

substrate mjechon area

Incorporate findings of monitoring well mstallahon effort into the EBT Treatability

Study Technical Memorandum. The data will be used m conjunction with groundwater

sample analysis results within the Intermediate and Prefmal/l*inal MI Remedial Design
documents

After installahon and prior to the application of the electron donor substrate, the monitoring

and injection wells will be sampled to represent baseline groundwater conditions. During

apphcation of the electron donor substrate, the wells will he sampled during at least seven

other events to monitor the effe( ts of the application.

Data Quality Objectives

The data quahty objectives ([X.eK)_) detailed below are c_tabhshed to achieve the sampling

objectives

C _WP FOU_ R'_<)_TOR WELL INSTALL MEMO DO(; t REV_O
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Activity Data Quality Objective Purpose

Category

Momtoring and inject*on well
installation

Definitive lnjechon wells will be used

during treatabfl,ty study and,

possibly, for future inje(-tion
events to enhance the reductive

dechlormation prnct_

Monitoring well,, will be used

during tile entire treatabihty
study testing period for

collection of groundwater

_mples to evaluate the
effectiveness of the introduction

of electron donor subslrate to

enhancing reduct,ve
dechlormatiun in the fluvial

aquder.

Monitoring and Injection Well Installation Procedures

Up to 28 monitoring and 22 injection wells will be installed usmg rotasonic drilling

methods Rotasome dnlhng was selected because it is the most effective method for boring

advancement and well mstallatu)n under the site hydrogeologlc conditions. The relatively

large depth to water 0.e., 95 to 105 feet below ground surface (ft bgs) on average) and

geologic charactenstics of the fluwal aquifer (i e., t,ght .sands mtxed with gravel up to cobble

size) likely would cause problems with installation of the wells using other drilling
methods.

Well .screen intervals will be positioned at different depths w,thin the fluvial aquifer but will

always be located above the clay-confining unit that underhes the aquifer. The estimated

depth of the wells ranges from 110 to 135 ft bgs The final location of these wells will be

dependent upon the results of baseline groundwater sampling event, as described m

Appendix A to the EBT Treatability Study Workplan.

Installation Procedures

Momtoring and injection well installation will be performed in accordance with US Army

Corps of Engmeers OE EM 1110-1-4000 and US Environmental Protection Agency Region

IV, Science and Ecosystems .Services Division Lnvlronmental lnveshgatmns Standard Operating

Procedures Quality Assurance Manual (E1SOI_QAM), May 1996 (rewsed m 1997) The wells

will be constructed within rotasomc drdl casing as the casing is w,thdrawn from the boring.
Borehole diameters will be a minimum of 7 inches, l'he irtslde diameter of the rotasonic drill

casing will be at least 4 inches larger than the outside diameter of the well casing and screen

to facilitate proper installation of the well "f'herefore, the rotasomc drill casing will require

an inner annulus that is 6 V4-mch diameter or larger.

The new well.,, will be constructed of 2-inch inside diameter (l.D) PVC casing and screens.

Each well will have a filter pack around the screen, a bentonite seal above the filter pack,

C IWP FOt D'_ f_%_T OR WI£LL Ik_ TALL I,_MO DOC 2 _V4X]
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MAJN IN_TALL AT_IN FBT T RF.AT_ STUOY MO_ ITOIRING AND _JECTION WELL INSTAIXATK)N PROC_DUHE S

and cement grout to ground surface installed through the drdl casing The wells will be

straight and plumb to allow pas_ge of pumps or sampling device.,,.

"llle documentation record and forms wdl document tile following information for each

boring:

• Boring or well identdicahon - Begin with well # MW-109

• Purpose of the boring (e g., sod sampling, monitoring well)

• Location in relation to an easily idenhfiable landmark

• Names of drdllng subcontractor and logger

• Start and finish date_ and limes

• Drilling method

• Types of drilling fluids and depths at which they were used, if apphcable

• Diameters of surface casmg, casing type, and methods of installation

• Depth at which saturated conditions were first encountered

• l.Jthologic descriptions and depths of lithologic boundaries

• Sampling-interval depths

• Zones of cavmgor heawng

• Depth at whwh drdbng fired was lost and the amount lost

• Changes m drilling fired properties

• Drilling rate

• Drilbng rig reactions (e.g, chatter, rod drops, and bouncing)

Prior to drilling actiwhes and between each well locahon, all drilling equ|pment and the rig

will be decuntaminated using a high pressure steam cleaning wash as described m the
Decontamination Section

Logging of 8oreholes

Samples for lithologic description will be collectcK1 conhnuou_ly at 10-foot intervals

beginning at the ground surface. Lithologic descriptions of unconsolidated materials

encountered in the boreholc.,s will generally be described in accordance with the 1990

American Society for Testing and Materials (ASTM) [)-2488-90, Standard Practice for

Dc_crzpiTon and ldenhficahon of Soils (Visual-Manual Procedure) Descr,ptive information to
be recorded in the field will include"

• Identification of the predominant particles size and range of parhcle sizes

• Percent of gravel, sand, fines, or all three

• Description of grading and sorting of coarse particles

• Parhcleangulanty and shape

C _ FOLD_ R'_M(_ TC_ WYJ L INSTALL MEMO DCC 3 REV_O
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• Maximum particles_ze or dimension.

Plasticity of frees description include.

• Color using Munsell Color System

• Moisture (dry, wet, or moist)

• Consistency of fine grained sods
• SIructure ofconsohdated materials

• Cementation (weak, moderate, or strong)

ldenhfication of the Unified Soil Classification System (US(_) group symbol will be used

Additional information to be recorded is: depth to the water table, caving or sloughing of

the borehole, changes in drilling rate, depths of laboratory sample collection, 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 sc'reened with a flame ionization detector-organic

vapor monitor (e.g, FID-OVA). The headspace samples will be brought (if necessary) to a

temperature of between 20°C (68°F) and 32°C (90°F), and the reading will be obtained five

minutes thereafter. The, soil ¢,ample will be split into two jars and readings will be made

with the FID (unfdtered) on ooe jar. If the bid reading is greater than 10 paris per million

(ppm), a reading will be made on the second jar with an activated charcoal filter on the FID.

A total corrected hydrocarbon m¢'a_urement of the .sample wdl be calculated by subtracting

the filtered reading from the unfiltered reading. Analyhcal instruments must be cahbrated

in accordance with the manufacturer's instructions The headspace samples will be

collected and analyzed using the folk)wing procedure

1 l'rom the sample location, remove the top 1 to 2 in¢hes of soil using a decontaminated

stainless ,;teel spoon

2. Fill Vz of two decontaminated 16-ounce mason jars with soil from the resulting hole

using the stainless ,;teel spoon

3. Cover the iars immediately with aluminum foil and fasten the jar hds.

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

5. Punch a hole in the aluminum foil with the tip of a calibrated FID

6 Record the highest reading.

7 If the FID reading is > 10 ppm, ret_'at Steps 5 and 6 with the active charcoal filter on the

calibrated l'lD to the _,econd jar

All measurement', will be, recorded on the logging form at the corresponding depths. The

samples will be handled m such a way as to mimmize the loss of volatfles. Soil cuttings will

be exarninc_-.i for their hazardous characteristics. If suspected samples are encountered, they

will be noted on the boring log form for reterence during mvestlgahve derived waste (IDW)

sampling.

Casing Requirements

The casing requirements that ",,,'ill be followed Include"

C _VCPFCX.DERIt,k35qT OR '_'_L L INSTALL _ Lk3 DOC 4 _FV_)O
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• All casing wdl be new, unused, decontammated, 2-inch inside diameter, scheduh" 40

polyvinyl chloride (PVC) with internalflushjoined threaded joints.

• The PVC willconform to the ASTM Standard F-480-88A or the Nationa] Saturation

Foundation Standard 14 (PlasticI'q._System)

• Glue or solvent-welded jointswdl not be used to joinca_ing.

Well Screen Requirements

Well screen requirements are as follows.

• All rcvqulrements that apply to casing wdl also apply to well screen, except for strength

requirements.

• Momtoring wells will not be screened across more than one water-bearing unit.

• The screen sections will be factory slotted or wwe wrapped with 0 040-inch openings

and no less than lO-ft in length.

• A threaded I'VC cap or point will be placed at the bottom of the screen wd] be joined to

the screen by threads.

Filter Pack Requirements

The filter pack material will be clean, bagged, sieve sized, _fllca sand, (supplier certified to

be free of contaminants), inert, hard, well rounded (le_s than 2 percent fiat particles), and

free from roots, trash, and other deleterious nlaterla[. The sand will be cert=fted free of

contaminants by vendor or contractor. The filter pack will extend from the bottom of the

hole to at least 2 ft above the top of the well screen The vendor wdI be required to use
Unlmlm Filter Seal No. 2

The filter pack will be installed with a bottom-discharge tremle pipe The tremie pipe will be

lifted from the bottom of the hole at the same rate the filter pack is set l'he 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 munmum 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-in( 13diameter

dry bentonite pellets or chips. "ltle bentonite seal will be installed by gravity methods "1he

bentonite sell will be allowed to hydrate for a mmunum 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 tremie pipe and the length will

be no more than ,5 feet from the top of the level of grout at all times. The pumping will

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 ['he grout seal will be Type II

C IWP roI, OFRW_#etT O_ WEL L IN_ TAU MEklO DOC 5 RFV_)
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Portland cement or American Petroleum Institute Class A cement with no more than

4 percent bentonite. "Dae grout wdl be mixed in the following proportions: 94 lbs. of neat

cement, not more than 4 Ibs. of 100 percent sodmm bentonite powder, and not more than

8 gallons of potable water. The grout wdl have a mixed mmmmm specific densdy of 9.4

pounds per gallon (Ib/gal) or the manuladurer's recommended density. A mud balance

wdl be used to ensure the density of the mixture conforms to the manufacturer's standards.

Prior to installation of the well complehons, the boreholes will be topped off with grout to

approximately 1 to 2 feet bgs.

Surface Completion Requirements

Wells wtll be set as flu,_h-mounted completions. The casing will be cut approximately 3

inches bgs and a watertight casing cap will be placed on the well. A small diameter (e g,

1/4-inch) vent hole will be placed m the upper portion of the casing, or a vent|lated well cap

will be used. A small notch will be cut in the top of the casing to be used as a measuring

point for water levels.

A freely draining 10-inch inner dmmeter manhole cover with a locking lid will be placed

over the casing The top of the casing will 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-mch 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 wdl be constructed to meet the

strength requirements of surrounding surfaces.

When a well is not installed m a con(rele or asphalt drive or parking area, four 3-inch

diameter concrete-fdled Meel guard posts will be installed The guard posts wdl be 5 feet in

total length and installed at the comers of the well pad. The guard posts must be recessed

approximately 2 feet into the ground and set in concrete. Do not install the guard posts m

the concrete pad placed at the well base The protect|ve sleeve and guard posts will be

painted a high vtslbdlty yellow.

Wells will be st,cured as soon as possible after drilling with corrosion resistant locks. The

locks must either have identical keys or be keyed for opemng with one master key

A well completion diagram will be submitted for each momtormg well or rejection point

installed. It will include the following infnrmahon

• Well identification (this will be identical to the boring identification descrilyed)

• Drilling method

• Installation date(,;)

• Elevations of ground surface and the measuring point notch

• Total boring depth

• Lengths and descriptions of the screen and casing

• Lengths and de_t nptions of the filter pack, bentonite seal, casing grout, and any back-
filled material
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• klevahon of water surface before and immediately after development

• Summary of the material penetrated by the boring

The locahons and elevahons of the monitoring and injection wells will be surveyed by a

hcensed surveyor upon completion.

Monitoring Well Development

"llw wells will Ix, developed with a surge block in conjunction with a pump and or b,,lers

No air, detergents, soaps, acids, bleaches, or additives will Ix, 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
turbtdlty remains less than 10 NTUs for at least 30 minutes. Parameter measurement anti

development data wd] be documented.

Equipment Decontamination Procedures

All downhole drilling equipment as well as other equipment will be decontaminated

according to procedures presented in Appendix B of the EISOI-*QAM Decontaminahon of

the drill rig, rota,,onlc drilling equipment, p.pes, bits, tools, and all downhole equipment

will be conducted between each well installation. Decontamination of development

equipment w.II be performed between each well developed Decontamination will consist

of the following

• lhgh pressure, low volume steam-cleaning

• Wash and scrub with non-phosphate detergent (I,.qulnox) and ix)table water

• Rinse with tap water

• Rinse with delomzed (or analyte free) water

• Rinse with laboratory grade lsopropyl alcohol (PVC or plashc material will not be rinsed

with solvent)

• Rinse with organic free water

• Air dry to the extent practical

• Wrap in plashc sheehng or aluminum foil

Decontamination achvlties will be conducted on a concrete decontamlnahon pad at the site.

Standard procedures for field equipment are described below.

Well Sounders and Groundwater Measurement Tapes: Decontamination procedures for

Teflon TM, PVC, stainless-steel, and glass tubing used for groundwater sanwhng are listed
below

• Wash with laboratory detergent and tap water.

• Rinse with tap water.

• Rinse w.th,malyte-free (deioni/ed) water

C _WP FOLDC R%VOP_T(_,_ Wfl L INSTALL MEMO DOC 7 R_V-00
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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 ]n direct contact

with the sample will be decontaminated using the procedures hsted below, unless

manufacturer's instructions mdwate otherwise Probes that make no direct contact (e g,

OVA eqmpment) will be wiped with clean paper towels.

• Rinse with tap water.

• Rinse with analyte-free (deioni,'sed) water.

• _)lvent rinse if obvious contamination remains after rinsing and ]f solvent will not

damage probe.

• Rinse with analyte-free (deionized) water.

Samplin_ Equipment for Organic and Metal Analysis: Teflon TM, stainless-steel, glass, or

metal samphng equipment used to collect samples for orgamc and metal analysis will be

cleaned between sample Iocahons as listed below.

• Wash and scrub eqmpment thoronghl'¢ with laboratory detergent and tap water

• Rinse thoroughly with tap water.

• Rinse thoroughly with deionized, analyte-free water.

• Rinse with solvent (pesticide-grade isopropanol). Note. Do not rinse PVC or plastic

malenals with solvent.

• Rinse with organic-free water and allow to air dry as long as poss]ble

• Wrap with aluminum foil to prevent contaminahon

Investigation-Derived Waste (IDW)

All soil cuttings will be placed in roll-off boxes located ]n a central slagang area at the site.

Soil cuttings may be temporarily staged at drill location on and covered by plastic sheeting,

prior to placement in roll-off boxes. Drilhng fluids, development waler, and wastewater

from eqmpment decontamination pr(×luccxl during the drilling operahon will be

containerized in 55-gallon drums approved by Department of Transporlation (DOT)

(supplied by the Subcontractor). The drums will permanently marked wflh a weatherproof

label, signifying the date, site number, and well number. Drums will be staged at a central
location at the site.

Representative samples of the IDW will be collected for chemical characterization by the

Irl'l. for off-site disposal Once analytical results of the IDW are available, the II')W will be

disposed of off-site in accordance with federal, state, and local regulations, llle 1DW will be

removed from the site within 60 days following of the receipt of analytical results
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Logistics

F.quipment, supplies, and personnel reqmred to complete the momtormg well installation

effort at the Site wdl mobilize after approval of the RD workplan and the EBT Treatabdlty

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 actavlhes.
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ADOENOUM SA.03 CH21MHILL

Standard Operating Procedures (SOPs) Adopted Since

the Completion of the August 1995 Generic Quality

Assurance Project Plan (QAPP), Memphis Depot

paEpaazo r-oR: QAPP (1995)

PREmmEOBY. Bryan Burkingstock/ATL

OA_ February 15, 2002

Since the inception of the 1995 QAPP, new protocols have been accepted by BCT members

for various MemphLs Depot field activities. SOPs located m the following site-specific plans

should be used for further reference on applicable methods and procedures:

• Operable Units 2, 3, and 4 and Screening Sites: Fzeld Sampling Plan Addenda (C112M }4ILL,

September 1998)

• Samphng and Analysis Plan for Evaluation of Biodegradation of VOCs in Groundwater at the

Memphis Depot (CH2M H[LI,, March 13, 2000)

• Data Collection Plan for Long Term Operational Areas (LTOAs), Main Installation, Memphis

Depot (CH2M HILL, June 5, 2000

• Well Construction and Sampling Techniques for Long-Term Operatiorral Area (LTOA)

Momtoring Wells Assoctated with SS42/SS43, NE6 (Budding T702), and SS80 (CH2M 141LL,

September 5, 2001)

SOPs included as an Addendum to the 1995 QAPP include:

I) Low-Flow (Minimal Drawdown) Groundzuater Samphng Procedures (Puls and Barcelona,

]996)

2) User's Guide for Polyethylene-Ba_ed Passive Dtffusion Bag ,Samplers to Obtain Volatde

Organic Compound Concentration in Wells (USGS 2001)

3) Standard Operating Procedure for Sod Headspace Field Screening Using an OVA/FID at

Dunn Field (CIt2M HILL, May 5, 2000)

4) Standard Operating Procedure for Collecting Sod Samples for Volatde Orgamc Compounds

(VOCs) (C] 12M H]I.]., AugtL_t 16, 2001)

5) Standard Operating Procedure for Collecting Soil Samples for Volatde Organic Compounds

(CH2M 1 fILL, May 5, 2000)

6) Standard Operating Procedure for QED03 Bladder Pumps (CH2M HILL, March 10, 2000)

7) Standard Operating Procedure for Sudan IV Dye Testing (C] 12M HILL, May 5, 2000)
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GEPA Ground Water Issue

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

by Robert W. Puls I and Michael J. Barcelona 2

Background

The Reg_net Supedund Ground Water Forum Ls a

group of groun'6Lwator sc_ent,sts, representing EPA's

Reg_nal Supedund Offices, o¢gan=zed to exchange

iRiortr_tloD related to ground-water rerned=at_on at Supedund

s_tes One O4 the mater concerns el the Forum Is the

samphng el ground water to supped rote assessment and

remedml pedorrnance mon,tonng ¢t;lectrves This paper =s

tntendod to provide backgro*Jnd =oformat,on on the

development at low-flow samphn O procedures and Lts

applmatlon under a vanety of hydrogeoiog¢ sett,ngs It is

hoped thai the paper wilt support the prod_Jct0on of standard

operating procedures tar use by EPA Regx_nal personnel and

other enwronmentaf profassm.nels engaged in ground-water

ssmplmg

For further mlorrnat_0,n contact Rof)ed Puls. 405-436-8543.

Subsurface Re._;.dlatlon and Protect=on D=v_,on. NRMRL,

Ada. Oklahoma

I. Introduction

The methods an4 objechves of ground-water

samphng to assess water quality have evolved over time.

In=ttally the emphas=s was on the assessment of water qualdy

of aqulters as so*Jrces o4 drrnk=ng water t arge waler-beanng

urals were _dentdied and sampled in keep,ng with tllat

obiecl_e These were h*g_dy product.ve aquifers thai

supplied dnnklng water v_a pnvato wefts or through polar

water supply systems Gradually, wtth the mQeasmg aware-

ness of subsudaco pollution of these water resources. Ihe

understane%ng of complex hyd*ogeochemcal processes

when govern the late and transport of contaminants m the

subsurface tncreased Thts it:crease IR understandzng was

also due to advances in a number of scmntff=c &scc.hnes and

_mprovements _n to_s used tar site eharactenzat=on and

ground-water sampling. Ground-water quality investlgaIK)ns

where pogut;on was detected md_ally borrowed ideas.

methods, and matenals for sde chara(:tenzat_n Item the

water supply held and water analysis from pubbc hearth

practces Thts included the materials and manner m wh=ch

monctonng wells were installed and the way =n which water

was brought to Ihe surface, treated, preserved and anatyzed

The prevmhng conceptual .:leas included convenuent generah-

zatm, ns at groun_l-water resources in lemls ol large af_

rolatzvoly homogeneo_Js hydrOlOgic umts With lurne d became

apparent thai convenl.m'lal water supply generahzalK)ns of

t)omogenelty d=d not adequately represent lield data regard-

mg p_lu.on of these subsurface resources The ,mpodanl

rote of heterogera..tybecarne increasingly clear nol only m

geOk_lc terms, hul also m terms of eon_x ptlyslcal,

,Nattoflal R_,k Man,lgernenf Research Llboratory, U.S EPA
,Unlvenriry of Michigan

erect ,,

Superfund Technology Support Center for

Ground Water

NaUonal Risk Management Research Laboratory

Subsudace Protection and Remediotion Division

Robert S. Kerr Environmental Research Center

Ada, Oklahoma

i--,._,_'_=_=z,- _.;:.I
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clerical and b_ofogcal subsurfaca processes Weth grealer

apprectaben el the role of heterOgeneity. =tbecame evident

that subsudaca pollution was ub_ultous and encompassed

the unsaturated z(x_ to the deep suhsudace and included

uncor_sohdated sedm_ents, fractured rock, and aqurfards or

Iow-ycdd=ng or =mpermeable format_'_s Smell-scala pro-

cesses and heterogenelhos were showr_ Io be important m

Mentdy=ng contarnmant d=stnbut_ns and _n eonlro_hng water

and cootamrnenl flow paths

It is beyond the scope of tl_s paper to sun_nanze all

Ihe advances tn Ihe held of ground-water qualdy _nvestlge-

Iio_s and remedzation, but two partrcular =ssues have beanng

o_ ground-water sa_ feday aqLnfer hoterogenedy and

colloidal transpo_ Aquder heterogeneJhes affect contaminant

flow paths and include vanat_s in geofogy, geochemistry.

hydrology and nacro_ofogy. As methods and the too_s

avadab_e for subsurface mvost_Jabe_s have become _creas-

ing_y suph_t.;ated and understanding of the subsurface

envtr_f has advanc_:l, there is an awareness that m

most cases a pnmary concern for Sdo investlgabons is

charactenzahon of contammanJ flow paths rather than onbre

aquifers In fact. in many cases, i_ume ttackness can be less

than well so'een lengths (e.g. 3-6 m) _/l_Cally =nsta]Ted at

hazardous wasle sdes to detect and rnonltor plume movemenl

over hme Smell-scale differences have increasingly been

shown to be importanl and there is a general trend toward

sn'_ler d_ameter wells and shorter screens

The hydrogeochemlcal slg_dJcance of colloKlal-s_ze

pad=des m subsurface systems has been reahzed dunng Ihe

past several years (Gschwend and Reynofds, 1987; McCarthy

and Zachara, 1989. Puls. 1990. Ryan and Gschwend. 1990)

Th_S reahzabon rosulled from both field and laboratory studies

that .showed faster contan_nanl nrlg_ahon over greater

distances and at h_gher concentrat¢on.s than IIow and trans-

port model pre(fict=<_.s would suggest (Budde==_:er and Hunt.

1988: Enfmld and Beng(sson. 1988. Penrosa el al. 1990)

Such models typ=callyaccount Ior mteract:.on between the

mobile aqueous and =mmobde so_ phases, bul do not allow

for a nnobde, react=ve solid phase It _s rec.ogn_ho_ of th=s ffurd

phase as a possible means of contaminant transport that has

brought increas=ng aItenhoO to the manner m whch samples

are collected and processed Ior analys_s (Pulset al. 1990.

McCarthy and Deguekke. 1993. Backhus el al. 1993. U S

EPA. 1995) If such a phase =s present m sufl=ctent mass.

possesses high sorptlon reactw_ty, large surface area. and

rerna_ns stable *n suspension. =tcan serve as an _pudant

mechan=sm to lacddate conlammant transpod =n many I'/l_s

o4' subsurface systems

ColloKIs are pert=ties that are suItE:_er_tly small so

that the surface tree energy of the padK:la dominates the bulk

tree energy, ryp=cally, m ground water, th=s includes part¢las

veth d_amelers between 1 and t000 nm The most commonly
observed mob_la pad=des include, secondary clay m_nerals;

hydrous iron. alum=num, and manganese ox_ea: d_ss_ved

and particulate organic mafenals, and VlrUse.,5 and bactena

These reactrve padic_es have been shown to be mobde under

a variety of conddm_s en both field stud=es and laboratory

column exp_nmerds, and as such need to be included in

monllor=ng _ograrns where ldentireahoo of the tofalmob=la

contan'_ant Ioad_g (d_seo_ved -_ naturally suspended

particles) at a sde =s an o_/echve To that and. samphn<'j

methedologzes must he used which do not arhf=dally I_as

natura//y suspended parfk.-'le concenlratzons

Currently the most cornn"on ground-water parg]ng

and sampling methodology is to purge a well using badors or

I'agh speed pumps to remove 3 to 5 caszng vofumes Io]lowed

by sample collect=on Thzs method can cause adverse impacts

on sample quahty through collect=on of samplas with h=gh

levels of turb)ddy, l_s results In the rnclus_on of otherwise

_mobde art,faclual pad=des wheh produce an overeshma-

t_ ot cedam anah/tes of interest (o g.. metals or hydroghob¢

o_gen_c compounds) Numerous documented problems

assoemted w_th hltrat_n (Danleisson. 1982. Laxen and

Chandler. 1982: Horowdz et al.. 1992) make flus an undes=r-

able method of rect_fym, g the lurbKhty problem, and Include

the removal of potanhalty mob_e (confarmnant-assoctated)

padwJes dunng fdtrat=on, Ihus artdemlly I_a_ng contam=nent

col_centralm¢_,s low. Samphng-=nduced lurb_My problems can

often be n_hgated by using low-flow purging and sampling

techniques

Currenl suOsudace conceptual models have under-

germ consK_erable rehnement dee to the recent development

and _ncreased use of fmlrf screenm.g tools So-called

hydrauhc push tactmologms (e g. cone panetromefer.

Geoprobe_. OEfO HydroPunch_) enable relat=vely fast

screening sde charactenzat_oo which can then be used to

design and =nslall a m<x_ormg well network Indeed.

altemalrves to convenbo_a] mo_tonng wells are now i0emg

eo.nsiderod re( sorn_ hy(trogeolog_c sotbngs The ultm_lte

design of any mondonng system .should however be based

upon adequate s_te charactenzahoo and be coostslent wdh

estabhst_ed mondonng oO_=ct=ve_s

IIthe serri_IE_gprogram opISClNes include accurate

assessment of the megnrtude and extent of subsurface

cootan'anetK_n over hme and/or accurate assessment of

subsequent remudial performance, then some _rdormatzoo

regarding plume delineation m tl_'ee-d=mens_onal space =s

necessary pnor to mendoong welt network des.gn and

mstallaben ThLs can be accomphshed w_th a vanely of

d_flerent toots and equipment rang=rig from hand-operated

augers to screening Ioo_s munt={)ned above and large dnfhng

ngs Detaded informaban on ground-water flow velocdy.

dzrectmn, and horizontal and ve_ltcal vanabddy are esseebel

basehne data requirements Delai_ed SOd and gr_,.ofo_c data

are requ=re<t pnor to and donng the mstaflat=on of samphng

points Th=s mck_dos h_stoncal as well as detaded sod and

geologic logs which accumulate dunng the site mvest_galm, n.

The use of borehole geophysical techoques =s also recom-

mended Wdh fh_s infon'nalto.n (together wflh other s_te

charactenzahen data) and a clear understanding el samphng
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oOtecitves, then appropnale location, screen length, well

diameter, slot sJzo, etc for the mo_tonng web i_lwo_k can be

dectded. This Is espectatly cntmal Io_ new in sda remedJal

approaches or natural attonuahon assessments al tlazardo_s

waste s4tes.

In general, the overag goat of any ground-water

samphng program Is to collecl water samples wdh no alter-

ahan in water chemistry; analy_cal data thus o_lalned may be

used tor a vanety of speclt¢ moorlonng programs depending

on the regulatory requtremonts The sampling methodology

descnbed u_ this paper assumes that the mo_tonng goal is to

sample mondonn O wells for the presence of contan_nants and

it _s ap_c.aole whether mo_le colu4ds are a concern or no4

and whether the analy_es of concern are metals (and metal-

Io, ds) or organK; compounds

IL Monitoring Objectives and Design

Considerations

The following issues are important to con_dm prior

to the dosKJn and implementat_n of any ground-water

mondonng program, including those wtuch annc_pato using

Iow-gow purging and samphng procedures.

A. Data Quality Objectives (DQOs)

Mondonng OblOCtWes include four _In typos

detechon, assessment, correCliVe-acbo_ evaluatK_l and

resource evaluahon, along wath hy'ond vanal:.ons such as s_te-

assessn_nls for property transfers and water avmlabrhly

mveshgahons Monltonng objeclwes may change as contana-

natK_ or water quahty problems are dlscovoRFJ However.

there are a number of common components of mondonng

programs whsch should be recognized as urnpodant regard-

less of imhal obJechvos. Those components includa.

t) Development of a conceptual model that incorporates

elements of the regional geology to the local geotogt¢

Iramework The conceptual model development atso

includes m_at s,te charactenzation efforts to ident,ty

hydrostraltgraphm unds and hkely flow-paths using a

n_mrr, um number of bonngs and well complebons,

2) Cosl-effectrve and well documented collection o4 htgh

quaMy data utlhzlng s_mple, accurate, and reproduc-

ible lechr_ques, and

3) Refinement of the conceptual model based on

supplementary dala collectionand ar_ty_s

These fundamental components serve many types of monitor-

=no programs and prowde a basJs Ior lulure eflods that evofve

in complexdy and level el spatial detad as purposes and

Objectwes expand High qualdy, reproduc_)le data collect=on

=s a common goal regardless of program obloct_os

High quatlty (data collection impbes data of suffrmnt

aocuracy, prectsion, and completeness (t e. ratro o4 vabd

analyt_.al results to the rrunin_m sample number card Ioq by

the program design) to meet the program o01ecitves Accu-

racy depends on the correct _ o_ mo_donng tools and

procedures to n'unirraze sarn!_e and subsudace disturbance

from coflecfion to aJ-.atysis. Prects=an depends on the

repealab_kty of samphng and anal_l protocols. It can be

assured o{ _mproved by repiratlon of sample analyses

Includ=ng 104anks, lieldrtab standards and referet_.e standards.

B. Sample Repre_fatlveness

An important goal of any mondonng program _s

co4_ect_n of data that is truly representative of con_bons at

the s_te. The term reprosantabveness applies to c_n"_al and

hydro_K: data coltected via wells, borings, p_ezo_etars.

goophysK:al and soil gas measurements, tySlmetera, and

temporary sarnp4mg ponls. It rnvofves a _ton of the

stabst_ca( va.ab_bty of md_ndual subsudace physical proper-

ties, and contarmsant m major =on conrentratton levo_s,

exp/,ammg exlrome values. Subsudace ternpon_l and spab_d

vanal_hty are lacts. Go<x:l professv_,naJ pract¢¢.e seeks to

rnax_r'_ze representatnreness by using proven accurate and

reproduable techmques to define hrruts on the d_stnbutK:,n O4

measurements coflerted at a sde. However, measures of

representativeness are dynarrec and are controlled by

evolwng sde characte.zalK)n and monitonog oblectn,,es. An

evoluhonary s_te charadenzahon model, as shown m F_J-

ure 1, pmwdes a systemat¢ approach to 1he goal of cons_s-

tent d_ta collo¢'tton

|

Figure 1 Ev(Wut_ry S_te Charactenzabon Model

The model emphasizes a recognitton of Ih_ causes of the

vanab_hty (e g., use el inappropnate technology such as using

baders to purge wells; =mpreosa or operator-dependent

methods) and the need to control avordable errors
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1) Quost_ns of Scale

A samphno plan be_gnod to collect representahve
samples musl take rote account the po_entml scale of

changes in sde conddtons through space and tln'_ as web as
the chemmal associations and behove" of the parameters

that are targeted for mvest_atK>n In subsurface systems,

physmal (t e., aquifer) and chemcel propemes over tm'le _"
space are not stahstmally =ndependenl In tact, samples
taken tn close prox=mdy (=e, within distances of a few meters)
or within Short llme penods (i e. more frequently than

mo_l_) are h_ly auto-conelated Thts moans Ihal des_Jns
employing higtl-samphng frequency (e g, monthly) Or der_sa
spatial mondonng des_3ns run the nsk of redundant data
coHl_ctlon and rn=slead_og inferences reoj1rding trends in
values that aren't statist¢ally vahd In I_ractce. contaminant
detechor) and assessment mon_tonng programs rarely suffer
these over-sernphn9 cortcerns. In correctrve-acuon evaluabon
programs, it =salso I_sthle tfsat too httle data may be
collected over space Or hme. in these cases, false mlerp¢eta-

tmn of the spahal extent of contananahon or ucxJoresttmahon
of temporal eoccentrataon vadablhty may result.

2) Target Parameters

Parameter selectbc,n m momtoneg program destgn is

most ellen dmtated by the regulatory status of the s_te
However, background waler quahty conshtuents, purging

mdcator parameters, and coofarrlnants, aU represent largels
tot data collect_n programs The to_s and procedures used

m these programs should he equally ngorous and apprc.able
to all categoues of data, since all may be needed to deter-

mine Or support regulatory action

C. Sampling Point Design and ConstrucHon

Detaded s_le charactenzahon is central to all

decls_on-makmg purposes and the basis Ior this cheractenza-
t=o_ resides In =dantd_cahon of Iho geofogm framework and
n3ajor hydro-slrahg_phuc units Fundamental data for sample
po_t Iocatcon include _Jbsurface Mhdogy, h4erad-<_fferer_c_s
and background geochemcal con_t;ons Each sar_mg pot_
has a prober use or uses which shouk:l be documented at a
level wl_ch =s appropnate Ior the program's data quabty
oblachves thdnndual ssmphog petals may not always be
able Io fulfill mullzple mondoong obtectn/es (e g. detect=on,
assussn'_nl, onrrectr,_e acting)

1) Compatd_hty with Momtonng Program and Data
Quahty Objectives

•Specd_cs of sarnphn g po_l location and design will
be d.,olated by the complex=ty of subsurface hthology and
vanabfl=ty m contan'unant and/or geochem_al con(htlons. It
should be noted that, regardless of the ground-water sam-
piing approach, few campheg ix_rds (e g, wells, drwe-poin4s,
screened augers) have zones O1 inlloeece in excess of a few

feet Therefore, the spatial frequency of samphng poml_,
should be carefully selected and designed

2) Flexibly of Sampling Point Des_g_

In most cases we#-pomtdtamaters in excess of t 718

inches will porn"at the use of most types ot subn_rsibld

pun_ng dewces for low-flow (r_ntmal d='awdown) samphng
It Is suggested that short (e.g, less than 1 6 m) screens be

incorporated rote the mondoring design where poss_le so
thai comparable results from one dawce to another n'aght be
expected Short, of course, IS relahve to the degree of ved_c.al
water quality vaual_ldy expected at a s_te.

3) Equd,bration of Saml_ing Point

Tmr_ should be allowed 1o¢equild_mtK;,nof the well

or sam_m<:j point w_th the fomnatol after mstallatK_l Place-
n_nt of weft or sampling poa_s in the subsurface produces
some d_sturbence el amb_nt condd_ns. Onlkng tedm_ues
(e g, auger, rotary, etc.) are generally considered to cause
more d_stud)ance than d_rect-push tachnolog_es In either

case. there may be a period (I e, days to months) dunng
wtud) water qualdy near the polnl may be dIStmclty ddlerent
Irom that m (he Iormatton Proper develop,'T_of O1the sam-

piing p(xnt and adjacer_ formation to remove flaes _eated
dudeg emplacer_nt wltl shorten this water quality recovery
penod

III. Definition of Low-Flow Purging and Sampling

It is generally accepted that water in the wel casing
is non-representattve of the Iormabon water and needs to be

purged prior Io collection of ground-water samples However.
the water m the s,creened interval may indeed be representa-
tIV_ of the Iormatron, dependr_g upon well constrLct_n and
site hydrogeolegy Wells are purged to some extent for the
Iolldwmg reasu4r_ the pr_ of the mr interface at the top
of Ihe water co,unto rosuthng m an oxygen co_x;entrabor)
gradmnt wdh depth. _ of vofaMe8 u_ the water column,
leachtng from or soq)tron to the casing or bller pack. chemical
changes due to clay seats or backhil, and sudaee inM1rat=on

Low-flow purging, whether using podaMe or ded=-

cated systems, should be done usm,g p_anp-mtake located =n
the m_ddle or shghtly above the mzddla of the screened
interval Placemer_ of the pump too close to the bottom O1the
we_l will cause _ncreased entrainment of so_ which have

cotlecled in the well over tlm_ These padtcles are present as
a result ot welt development, _ bergmg and sampling
events, and natural _1 transport and deposmon
Therefore. placement O1the pump In the middle or toward the
top O1the screened uderval Is suggested. Placement of the
pump at the top of the water column for san_)hng is only
recommended m unconfined aquders, screened across the
water tame, where tl_s is the desired samphng point. Low-
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flow pur_r_J has th_ advantage of m=nmrwzlng n'_xmg between

the overlying stagnant casing waler and wafer wdhm the

screened =nterval

A. Low-Flow Purging and Sampling

Low-flow refers to the veleoly wdh whrh water

en_efs the pump retake and thal is impeded to the iormat_n

pore waler in the immodtate v¢ln=ly of the well screen It

does not neeess._rdy refer to the flow rate of water d_scharged

at the sudace whch can be affected by flow regulalols o_

(estrc'hons. Water level drawdown prOvK_'S the best =ndrca-

lion of the stress _mpaded by a given How-rate for a given

hydroloocal sduation. The o/_leclive is to pump in a manner

that minimizes stress (drawdown) to the system to the exlent

practcal taking rote aeeounl estabbshed site sampling

o_bjectives Typically, flow rates on the order of O.t - 0 5 IJrmn

are used, however this is dependent (_ sge-speofK:

hydrooeok)gy Some extremely coars_a-lextured formations

have been auccesslully sampled _n 0aLs manner al flow rates

Io 1 L/ram The eifechvoness of using low-flow purging is

mtgnately baked wdh proper screen location, screen length,

and well constructton and development Iochniques The

reestabhshnmnt o_ natural flow paths in both the vedmal and

hon;,ontal direcl:.or_ ts tmportant for conroct inlerpretatK)n of

the data. For high rosoluhon san_phng needs, screens les_

then I m should he used Most of the need for purging has

been found to be due to passing the sarr_u_j device through

g_ overfi/ing casing water which causes mixing of the,ss

slagnard walers and the dynamic waters wdhln the screened

irdervaJ Adddconally, there is disturbance to susp_tKlod

sediment coUected Jn the botlom of the casing and the

displacement of water out Lnlo the lormahon LmmedLatefy

ad)acent to the well screen "[he,re disturbances and _mpacts

can he avocded using dedmaled samphng equipment, whrh

precludes the need to insert the samphng devc'e prior to

purging and ssmphng

Isolatv_n of the screened interval waler from the

ovedyrng slagsant casing water may be accomplished using

low-flow m,mmal drawdown teclx_ues If the pump mlake is

located wrtl_n the screened rnterval, most el the water

pumped will be drawn in directly from the format;on wdh little

mrxlng of casing water or d_sturbance to the sampling zone

However, it lhe wells are not constructed and developed

properly, zones oiler than these intended may be sampled

At sorne sdes where geologic, beterogonemes are sufhoenlly

ddferont _thin Ihe screened mte_al, h_gher conductivity

zones may be prelerenbagy sampled Th_s ,s another reason

to use shoder screened mtervels, especially whore high

spatial resolution is a sampling o_lectwe

B. Water Quafity Indicator Parameters

It is recommended that water quahty _nd_cator

parameters be u_.ed to delem_lne purg,ng needs pnor to

saree COlleCho_ _n each well Sta_llzatton Of parameters

sud_ as pH, speohc co_duclance, d_ssolved oxygen, ox,da-

hon-rodu_t_ potential, temperature and tud_d_ly should be

used to determine when formabo_ water is accessed during

pmgw, g In general, the order of stabdlzatK)n is pH, tempera-

ture, and spe¢_hc co_luctanoe, followed by ox_dahon-

reduct;on pofenhal, dissolved ox'/gen and turb_ddy Tempera-

ture and pH, whde ceremony used as purg,ng indrators, am

actually quite insensiifve in dIsfln_uishing b_hve6n formalK)n

water and stagnant casing water; nevedholess, these are

tmpodant parameters for data _nterpretahon puq_:_E_S and

she.d also he measured. Podonnarre cnter=a for detemu-

natron of slab_zaf¢on shouM be based on watePlevel draw-

down, pumping rate and equipment spe_t_cahons lot measur.

ing mdrator parameters, thstrun_nts are ava=lel_4e which

uhhze in-hne flow calls Io co_linoous_y measure the above

paramelers

It is ffnporlant to estabksh specd_c well stablllzatK)n

cntena and then conszstantly Iollow the same methods

thereafter, pad_'ularly w_th res4:_,c_ to drawdown, flow rate

and ssmphng de',r, ce Generally, the t,me or purge volume

re(_red for parameter stabd=zation is mdeponderd of wed

depth or well volumes. Dependent venables are well d_arn-

etor, samphng dev¢o, hydrogeochenustry, pump flow rate,

and whether the dev!o_s am used In a portable or dedy3ated

manner If the samphng dev'¢e is already m i_ace 0 e,

dedicated sampling systems), then Ihe time and purge

vo_me needed for stabihzal_n is much shorter Olher

advanlages of deOcated equipment include less purge water

lot waste d_sposal, much less decontamination of equipment,

less brae ,spent in preparalK)n of samplmrj as well as time in

the f_eld, and nrto_e consistency in the sainting approach

which probably wdl translate inlo less vanabthty _n sarn,ollng

results The use of dedK;ated equlp_lent Is strorlgly recon_

mended at wells which wdl undergo rouhno sampling over

hmo

If parameter stabzhzaf=on cntena ate too stnngenl.

then minor osollat_ns lo mdrator parameters may cause

p_g_ng operatk_s to become unnecessanly protracted. It

.should also he noted that turbtd_ty is a very con_servative

parameter in terms of stabd_zal,on Turb_ty _s always the

last parameter to stal_ze Excessive purge hrnes are

=nvanably related to the oslal:dLsl'm'_)nt of tee stnngent turb_ddy

slab_hzalvan cnlena. It should he ru0_ed that natural turO_ddy

levels m ground waler may exceed tO nephelo_nrmtr_c tud_Kl,ly

units (NTU)

C. Advantages and Disadvantages of Low-Flow

(Minimum Drswdown) Purging

In general, the advantages of low-flow pprg_ng

rndude:

• samples whrh are representabve of the rnobde k_ad of

co_ammants presonz (dissofved and collo_d-assnol-

atod);

• n_nlrnal disturbance of the samp_ng point thereby

nn_nlmlZlng samphng ad=facts;

• less operator vanabddy, greater operato_ co_trc4,
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• reduu_d stress or1 Ihe Iormahon (r_nm_al drawo_Nn).

• less mixing of stagnanl casing water with formatK)n

water;.

• reduced need for hltrahon and. therefore, less lane

required (or sampling,

• smaller purg,ng volume _ decreases waste

disposal costs and sampling llme,

• better sample cor)sstency, reduced arllhclal saree

vanabddy.

Some disadvantages of ldw-flow porg=ng are"

• higher indlal capital costs.

• greater sel-up I,_e =n _e held.

• need to transpod add_bonal equipment to and from Iho

site,

• _ncreased b'almng needs.

• res_ster_e Io change on the part el sanxnlmg _acht_o-

• concern Ihal new data v,lll z_3K_te a change Jn

cond_tlons and tnoger an 8_'_on.

IV. Low-Flow (Minimal Drawdown) Sampling
Protocols

i'he fo_lowrng gr(xmd-water samphng Woceduro has

evolved over many years of expenence in ground-water

sarn_lng for organic and inorgarac compound doterr_nalzons

and as such summanzes Ihe authors* (and others) expen-

ences to date (Barcelona el al, 1984, 1994, Barcelona and

Hel|nch, 1986, Puls and Barcelona. 1989, Puls el al 1990,

1992, Puls and Powell. 1992, Puls and Paul, 1995). High-

quahly chemc.al data coflecbon _s ess_rdzal =n glound-water

rco_tormg and s_te charactenzatzco The przmary hmzZat_ons

to the collechon of ropresontattve ground-water samples

rndude rn=xmg of the stagnant c.as=ng and fresh screen

waters denng msartlco of the samp4mg dev,,ce or grcof_-

water level measurement device: d_sturbance and

resuspens_on of sallied sohds at the bottom of the well when

using high pumpzng rates or rais,-,g and Iowenng a pump or

bailer; u_troductzon of alrnosphenc gases or degass_ng from

the water dt_Ing sample hat',elm O and transfer, or mappropn*

ate use of vacuum sampbng devine, etc.

A. Sampling Recommendations

Water samples sh0_uld not be taken immediately

Iollowmg well development Sufllc=ent tune should be allowed

lot the ground-water Ilow regime in the vczrvty of the mc_dor-

Ing welt to stabilize and to approach chemical equlhbrlum wdh

the wel construcbon matenals This lag brne v,ql depend on

s=le conde_ons and methods 01 installat0on but often exceeds

one week.

Well purging ts neady always necessary to obtazn

samples ot water flowing through the geole01c formations in

the screened interval Rather than uszng a general but

arbdra_ gu_dehr_ of purging three cas=ng volumes pnor to

samplzX_l, =t _ recommended that an m4_ne waler quahty

measuremenl device (e g, flow-tNough cell) be used to

estabhsh Ihe stabdlzat_co I_me for several parameters (e g ,

pH, specd_c conductance, redox, (hssOh/ed oxygen, tud_ddy)

on a well-sOecthc bas_s. Data on pumping rate, drawdown,

and vofume required ler parameter stabd_zatmn can be used

as a guide for co_ducta_j subsequent samphng aotw_tms.

The Iollowlng are recorntr_endatzons to be cons_ered

before, dunng and alter samphng

• use low-flow rates (<0 5 L/nun), dunng beth purging

and sampling to maintain minimal drawdown in the

well.

• max=hare tubing wall th_ck_ss, mtmrmze tub=rig

le_j_,
• I_ce the .se_qg devtce 0ntake at the desired

sampling pore4;

• r_mmlze d=sturba_ces of the stagnant water cotum_

above the screened interval dunng water level

measurerne, nt and sa_ device rnsar1_ee;

• make proper adlus_',rnaots to stabdzze Itm flow rate as

soon as possible;

• mon_tor water quakty Indicators daor)g purging,

• co8ect unfiltered samples to eshmate contaminant

Icad_ng and transpod potenbal in the subsudace

system

B. Equipment Calibration

Pnor to ssmphng, all samphng de',qce and rnondonng

eq_Jipment should be caldbrated according to manufa¢lureYs

r_ndalior_ and the s_te _aldy Assurance Prolocl Plan

(QAPP) and Field Sampling Plan (FSP). Cald>rabon of pH

should be performed with at least two buffers which bracket

the expected range. D_solved oxygen cakbrafion must be

corrected for local heromelr_c pressure readings and eleva-

tzon

C. WaterLevelMeasurementandMonltorlng

It zs recommended that a dewce be used wh=ch w-;fl

least disturb the water sudaco in the casing WeN depth

should be obtained from the well logs Measunng to the

bottom of the well castng troll only cause resuspens_on of

settled sands from the Iormat_,_ and r6quzre longer purging

hines for turb_ly equ_llbrat_co Measure well depth after

sampling Is completed The water level measurement should

be taken Item a pemsenent reference point which Is surveyed

relahve to ground elevabon.

D. Pump Type

The use of low-flow (e g. 0.1-0 5 L/m[n) bumps Is

.suggested for purging and samp_=ng all typ_s of analytes Ai

pumps have _ Iir_tatlon and these should be rnvostlgated

w_th respect to apphcahon at a parbcular sale. Bailers are

mappropnate devices Io4" low-flow san'_phng
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1) General Cons_lerabons

There are no unusual requ=remeots for ground-water

semphng devces when us_r_ low-flow, mm_al drawdown
teche_lues The major concern =sthat the dev_e gwe
consistent results and minimal dtstu_oar_e o4the sample

across a range O4low ffow rates (=e., < 0 5 L./mlo) Clearly,
pumping rates that cause r_nrrnal to no drawdown in one well

could easdy cause s_gndtcant drawdown m ano4her well
hn=shEd m a loss transrruss_e format=on In this sense, the

pomp shorJId not cause undue pressure or temperature
changes or p4_ysmald_slEd_a_ on the water sample over a
reasenable samphng range. Conszstency =n operatv0n =s
crd_cal to meet accuracy and precision goals

2) Advantages and Disadvantages of Sampkng DevK:es

A vanety O4sampling devines are avadablo for low-
flow (mmzmal drawdown) porgmg and san'lphng and include
penstaltle pomps, bladder pumps, electrical submerse, to
pumps, and gas-dnven pumps. Devines which land 1hem-
selves to both dodlC.ahon and consJstent operahon at detm-
able low-flow rates are preferred It =.sdesuable thai the pump
be eas_y edlustablo and operate relmbly at these lower flow
rates The penstalt_c pump is 5rnded to shallow applmahons
and can cause degass_ng resultzng m alterahon of pH.
alkahn_ty, and some volatlles loss Gas-dnven pumps should

be o4 a type that does not allow the gas to be m dkr6cl contact
wrth the sampled fluid

Clearly, baders and oiber grab type samplers are =[l-

.suded for Iow-ltow samphng .s=ncothey wdl cause repeated
d=sturbance and rnixmg of stagnant water in the cas=ng and
the dynan'_ water =n the screened interval. Sm'_lady. the use
of inert_l Idt toot-valve type samplers may cause too much
dlsturbanoe at Ihe point of sampling Use o_ these dev_es
also lends to ictroduce uncontrolled and unacceplal_e
Operator vanab_llty

Summanes O4advantages and dts.advanlages O4
vanous samphng devines are hsted m Herzog et al (1991),
U. S EPA (1992) Parker (1994) and Thumb_ad (1994)

E. Pump Installation

Ded=cated samphng ale',noes (lolt in the well) capable
of pumping and samphng are proterred over any other type O4
device. Any portable samphng devine should be slowly and
carefully lowered to the on.die o4the screened u_tental or
shghtty above the m_lte (e g, 1 -t 5 m berow the top ota 3 m
screen) "l'l_s _sto m_r'=mrze excessive mexzngof the slagnanl
water In tbe casing above tha screen wdh the screened

u'derval zone walef, and to mzr',_rnBzerosuspens_un of se_zds
wh_:h will have collected at the botlom of the well These Iwo

disturbance eflects have been shown to d_reotly affect the
hma required for porgm 0 ]here ak.o appears to be a dJrect
correlapon between szzo of portable samphn 9 bevzees relatwe
to the well bore and resull,ng purge volumes and t_mas The
key _s to rnmm'_ze d_sturbance el water and sahds m tt_ well
easing

F. Filtration

Deczs_ousto hirer samples should be detated by
samplm<j obledNes rather than as a hxfor poor samphng
practmes, and field-tillenng of certain constituents should not
be the defaufl Cons_eral_,n should be g_vee as to what the

applmahco O4f_<Millrahon _st_lng to eccotnphsh For
assessment O4tndy d_,olved (as opposed to operationally
dtsso/ved[= e. samples fdtered wdh 0.45 _ filters]) con_en-
trat,m'cs of malor =on.sand trace metals, O t pm fdtef's are
recommended although 0 45 pm fdters are normally used for
most reg_atory programs Alkahndy samples must also be

tdlered d s_gr_t¢..ao4padtculate calmum cadx_qate Lssus-
pecte_, s_nce flus material is kkely to u'npacl alkahn_ty tdralio_

results (althe_l_ tzltratm."l_tseff may alter the CO z c_npos=bon
of the sample and, therefore, affect the resufls)

Alth_Jgh hltrat_n may be appropnate, hltrat=co of a
sample may cause a number el unintended changes to oocur
(o g ox_datm,n, aerat=on) possddy lead=ng to fdlratlon-mducod
addacts dunng sample analysLs and uncertainty =n the rosulL%
Some o4these ux_nte_l changes may be unavoKlable bet
the factors load_ng to them must be recogn=zed. Delotermus
e(tects can be n'_rwn_zed by con._stent apl_.atm, n of certain
hltrabon gu=de_nes. Gmdeknos sho_JIdaddress selection of
hlter type. m_ha, pore s_ze, etc rn order to _Jenhfy and
r_nrrmze potential sources O4uncertainly when hltenng
samptes

In-hne hltrat_on =s recommended because zt provides

better comustency through less sample handl=ng, and
mmzrnizes sample exposure to the atmosphere In-line biters
are avadable m both d=sposaote (barrel tdters) and non-
dzsposable 0n-line tdtor holder, fiat membrane ldters) formats
and variOUs biter pore razes (0 1-5 0 pro). Dmposabla biter
sartndges have the advantage of greater sedzmant handhng
sapacdy when compared to traddK)nal membrane fdters
Filters must be pee-_ fo4towrng manutacturer's recorn-
mendahons II there are no recommandat=ons I_r nnsmg.
pass through a rn_r'mJm of 1 L of ground water lollowmg
porg_n9 and pnor to sampling. Once hltrat,0,n has begun, a
loller cake may develop as part¢les larger than the pore s_ze
accumulate on the fdlor membrane. The result _ that

effectwe pore diameter of the membrane =sreduced and
particles smaller than the stated pore size are excluded from
the fdtrate Possible correchve measures =nclude pretdtenng
(w_¢hlarger pore srze hllers), nmn_n_uzzngparticle loads to
t._g=n _th. and reducing sample vo_uma

G. Monitoring of Water Level and Water Quality
tndlcator Parameters

Check water level peeocl_ally to momtor drawdown
m the well as a guzde to flow rate adlustment The goal _s
mmlrnal drawdown (<0 I m) dunng porgmg ThLs goal may be
chfhcalt to acl_eva under some c_rcumstances due to geologK;

heterogene0t=es wlth0nthe screened =nterval. and may require
adluStmant based on srto-specd¢ cond_ons and personal
expenonce. In-hne water quahty _nd_ator parameters st_ould
be contrnuo_sly monitored dunng purgeng ] he water qualdy
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indicator parameters monitored can include ptt, redox
potentml, conductivity, drssolved oxygen (DO) and turbtdzty.
The last three parameters are often rnosl .sensitive Ptm_en 9
rate, d_awdow_n, and the brae or volume requ,red to obtain
sta/mbzahon of parameter readings can be used as a future

guile to purge the weg Measurements should be taken
every three to fwe minutes d Ibe above suggested rates are
used. Slal_flzat_o¢l is acrueved after all parameters have
stal:_hzed for three succosswe mac_ngs In lieu of measu.ng
all bye parameters, a n'u_ subset would in_ude pH,
coor_ctJVlly, aeEf furt)lddy or DO. Three succssslve readings
should be wdhln ± 0 t for pH, ± 3% for cocKfucbvdy, ± 10 my
for redox potenhal, and ± 10% for turbidity and DO. Stabtl=zed

purge indicator parameter trends are generally obwo_s and
follow edher an exponential or asymptote change to stable
values during purging D=ssetved oxygen and tud_d_ty usually
require the longest time for stabdzzation. The above stabdzza-
ban gu_lehnes are provided for rough estimates based on
exponenee.

14. Sampling, Sample Containers, Preservation and
Decontamination

Upon parameter sta_lLzatmn, samphng can be
mlhated If an m-hne doyle m used to mender water quahty

parameters, d stK)uld be d_sconnected or bypassed dunng
sample collection. Sampling flow rate may remain at estab-
hshad purge rate or may be adlusted slightly to rrlnm'_ze
aeration, bub_e tormahon, lurbulent hlllng of sample bottles,
or loss of volat=les due to exlended residence hme In tubing

Typcally, flow rates less than O 5 L/rnm are apptopnate. The
sarno device should be used for sarn_lng as was used for
purging. Sampling should occur m a pro_esslon from least to
most contaminated well, if th_s Is known. Generalty, volatde

(e g. solvents and toel constituents) and gas sensmve (e g,
Fez'. CFt,, HzS,q4S, al_ahndy) parameters strand be sampled
hrst. The sequence m which samples for most morgan¢
parameters are collected Is =mmatenal u_eas Iiltered (dis-
solved) samples are das_red. Fdlenng should be done last
and m-bne rHters should be used as dzscussad above. Dunng

beth well purging and samphng, proper _ofechve dottung
and equipment must be used based upon fha type and level
of corztan'ananfs present

The apprepnate semple cordamer will be prepared m
advance of actual sample colleebon Ior the analyte_ of
interest and rndude sample praservatwo where necessary
Water semples ,should be collected directly trite tl_s container

from the p_mp ruling

Immedmtely after a sample bottle has been fdled, ,t
mest be preserved as speedL-_ m the see (OAPP). Sarr_e
p,resarvat=on requ=rements are based on the analyses being
pedormed (use sdo OAPP, FSP, RCRA g_Jidance document
[U S EPA, t992] or E.PA SW-846 [U. S. EPA. 1982] ) It
may be _hle to add presarvahves to sample bottles =n a
controlled setting pnor to entenng the held =n ordm to reduce
the chances el _mpropedy preserving sample bottles or

introducing field cc,nlerrmants tnto a sample bottle while

adding the i:_'eservatwes.

The presarvabves should be transferred from the
cherracal bottle to the sample coofmnor using a d_
polyethylene I_pe¢ and the o'_spasabla p=pel should be used

only once and then discarded.

After a sample centamer has beer) fd3edwith ground
water, a Teflen TM (or bn)-Iined cap =sscrewed on t_gMly to

prevent the coofamer fro_l leaking A sample _ is tilled
out as spectral in the FSP. The samples should be stored
inveded at 4"C.

Specd¢ decontarn, nahon protocols for sam_ng
devices are dependeet to some extent on the type of dewce
used and fha type of contaminants encountered Refer to the
slle QAPP and FSP lot spacd¢ requirements

I. Blanks

The Iollowreg I_anks should be coffered:

(1) l,eld blank, one field blank should be collected from
each _ water (d_tdled/demruzeq water) used for
sampling eqLnpme_ dacontamlnabon or for ass_shng
well development procedures

(2) equipment blank one equipment blank should be
taken pnor to the commencement of held work, from
each set of samphng equipment to be used for that
day Fleler to site QAPP or FSP for specie require-
ments.

(3) trip blank: a tnp I_ank is required to accompany each
volatile sample sh_pmant These blanks are prepared

=n the laboratory by filling a 40-mL volatile organ±
analysis (VOA) bottle v,qth dlstdled/delory.zed water.

V, Low-Permeability Formations and Fractured
Rock

The overall samphng program goa}s of sampling
oblec_zves wzll dnve how the samphng points are lecafed,
tnstalled, and cho±e of semplu'_g dewce. Ld_eWlse, sde-
specd¢ hyd_ogeolorJ_CfacJors wd] affect these declsmns.

Sdes with very low permeablhty formations or fractures
causing d=sorete flow channels may require a unique mender-
mg approach. Lk_lko water supply wefts, wefts _nstattod for
ground-water quahty assessment and restorabon progxams
are often inetaHed rn low water-y_aldrng se_ngs (e g., clays,
sills). Altemabve types of sampling points and samphng
methods are often needed m Ihesa types of enVlre¢lre,ents,

because Iow-permeabd[ty sailings may require extzen'mly low.
flOWpur_ng (<0 1 Uriah) and may be fechr_ology-hmlted.
Where devices are not readdy avadable to pump at such low
flow tales, the primary eens_derahen is to avo,d dewatenng of
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the well screen Thzs may reqmre repeated recovery of the

water dunng purging w_le leavzr_ the pump in place wC,_n

the well screen

Use of low-ltow technzques may be m_pfactcal on

these semr_s, dapondmg upon the water recharge rates

The sampler and the ev,d-user of data collected from such

wells need to understand file ILn_tatlons ot the data co_leoted;

i e, a strong pofeotlal for underestlmahon of actual co_tarra-

nant concentrations for volable organc..s, potential false

negatives for filtered metals and potenhal talse posmves for

uofdtered metals II is suggested thal compansons be made

between samples recovered using low-flow purging tach-

n_ues and samples recovered using passwe sampling

techniques (i e, two sets of samples) Paas_ve sample

collection would essant=ally entail acquisition of the sample

tmlh no or very lithe purging using a dedK=ated sampbng

system installed w,thln the screened intarval or a passn_

sample collect=on device.

A. Low-Permeability Formations (<0.1 Umln
recharge)

1 Low-Row Purging and Sampling with Pumps

a "portable or non-(fedcated mode" - Lower the pump

(o_:o capable of pumping at <0 1 IJrr_n) to mDd-._creen

(_r slightly above and set in place for rrunzn'clm ot 48

hours (to lessen purge volume requirements). After 48

hours, use procedures listed in Part IV above regard-

in{] morutonng water quahty parameters Ior stablhza-

ben. elo. but do not dewatar the screen It excesswe

drawdown and sJow recovery ts a problem, then

alternate approaches such as those hslod below may
be bettor.

b "dedmated mode" - Set the pump as above at least a

week pnor to samphng, that is, operate in a dedcated

pump mode Wdh tl'as approach shgnd_canl reductions

in purge volume should be roalJzed. Water quality

parameters stlould stablhze quite rapidly due Io less

d,sturbaoce of the sampkng zone

2. Passzve Sample C_lect_on

Paasxve samp4mg cotlectzon requ,res cnsedion of the

dewce rote the screened mtarval for a sultzc_ent hme period to

allow flow and san_e equdlbrahon b_tore extraction Ior

analys_s ConceptualJy, the extraction of water Irom low

ymldmg forrnahor_, seems nmre alun to the cogechon of water

from the unsaturated zone and passwe .¢,.arn_Jng techruques

may be more appropnate m lerrns el obtmnlng "represeota-

hve" samples SatLslyu_g usual sdrnp_ volume requirements

is typically a problem wdh tl_s approach and some latitude wdl

be needed on tbe part of regulatocy enhtles to achieve

sarnphng oOlectrves

B. Fractured Rock

In fractured rock formations, a low-flow to zero

purging approach usJng pumps in conluncbon with packers to

=selata the sampling zone m the borebe4e _ suggested

Passive multvlayer samplzog dev¢..es may also prowde the

mosl "representative" samples. I1 _ ffnperahve in these

solhngs to =dontdy IIow paths or water-produang fractures

pnor to sampling using tools such as berehok) flowmetera

and/or other geof_ysrcal tou_s

After _dentdmahon of water-beanng fractures, instal

packer(s) and pump assembly for sample collectm_ using

low-flow s_mpllng in "dedlcale_ mode" or USa a passwe

samphng devce which c_n motata the ldentlhed water-beanog

fraotures.

'41. Documentation

The usual prac1¢.es for douurnenlJng the sampling

event should be used for low-flow purging and sampr.mg

tachnlqoas This stlould include, at a rr_nin'1_m mformatm, n

on the conduct of purging opofabons (flow-rate, drawdown,

water-qualdy parametaf values, votumes extracted and lanes

for measmemenls), field instrument calibration data, water

sampling forms and chain of custody Iorrns See Figures 2

and 3 and °Ground Water Sampbng Workshop - A Workshop

Summary" (U. S EPA. 1995) for example forms and other

decumenlat_on suggeshons and inlonoatmn This mformabon

coupled wdh laboratory anelytcal data and validation data are

needed to ledge the "usaabptlt'(" of the sampling data.

VII. Notice

The U S Enwronmental Protection Agency through ds Off_ce

of Research and Development funded and managed the

research described bereln as pad of dS tl'_-_ research

program and under Contract No. 68-C4-0031 to Dyoamac

Coq)oratK)n. It has been subjected Io the Agency's peer and

admul_stratn,'e rev_w and has been approved for pubbcalzon

as an EPA document. Mention of trade names or commeroal

products does not constdute endorsement or recommenda-

ben Io_ use
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Figure 2. Ground Water Sampling Log

Pro_ect Site __ Well No.

Well Depth Screen Length Well Diameter

Sampling Device .... Tubing type __

Measuring Point Other Infor

Sampling Personnel

__ Date .

Casing Type

Water Level

Time pH Temp Cond. Dis.O 2 Turb. []Conc Notes

TyPe o/Samp_s CoCk.ted

klformaUofl 2 In = 617 nll/ll. 4 in : 2470 mVII. Vot, = .reh. VO_w._ ; 4/3n r'

11
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Figure 3 Ground Water Sampling Log (with automatic data logging for most water quality
parameters)

Project __ _ __ Site Well No. Date

Well Depth ..... Screen Length Well Diameter __ Casing Type

Sampling Device Tubing type __ Water Level

Measuring Point Other Infor

Sampling Personnel

Time Pump Rate Turbidity Alkalinity [ ] Conc Notes

Type of Samples Co_it_,_

Infonn_intrl. 2 in = 617 mltfl, 4 in = 2470 mVrt. Yo14 = nr'ft, Volta,,, = 4/3n P

12
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foot per day (ft/d)
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25 4

0 3048
1609

Area

2 59O
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0003785
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r_ter
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gram

Interstate Technology Regulatory Cooperation

Iow<lens,ty polyethylene

hter

mlczogram

micrometer
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nulhhter per minute
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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 passwe diffusion bag (PDB) samplers

described in this report are suitable for obtaining con-

centratlons of a variety of volatile organic compounds

(VOCs) m ground water at monitoring wells. The sug-

gested apphcatlon of the method is for long-term mom-

tonng of VOCs m ground-water wells at well-
characterized s_tes.

The effectiveness of the use of a single PDB

sampler in a well is dependent on the as,,umptmn 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 threctly adjacent to the

screen. If there are vertical components of intra-

bore-hole flow, multiple mtervals of the formation

contnbutmg to flow, or varying concentrations of

VOCs vertically w_thm the screened or open interval,

then a multiple deployment of PDB samplers within a

well may be more appropriate for sampling the well.

A typical PDB sampler consists of a low-density

polyethylene (LDPE) lay-flat tube closed at both ends

and containing detomzed water. The sampler is posi-

tioned at the target horizon of the well by attachment to

a wmghted line or fixed pipe.

The amount of time that the sampler should be

left in the well prior to recovery depends on the time

required by the PDB sampler to equdlbrate 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 w_thm the

PDB sampler equdlbrates with ambient water depends

on multiple factors, including the type of compound

being sampled and the water temperature. "l'he
concentrations of benzene, cis- 1,2-dlchloroethene,

tetrachlorethene, tnchloroetbene, toluene, naphthalene,

1,2-dibromoethane, and total xylenes within the PDB

samplers equilibrated with the concentrations in an

aqueous mixture of those compounds surrounding

the samplers under laboratory condmons within

approximately 48 hours at 21 degrees Celsius (°C)

A subsequent laboratory study of mixed VOCs at 10 °C
showed that tetraehloroethene and mchloroethene were

equthbrated by about 52 hours, but other compounds

required longer equdabrauon times. Chloroethane,

c_s- 1,2-dtchloroethene, trans- 1,2-dlchloroethene, and

1, l-dtchloroethene were not equdlbrated at 52 hours.

but appeared to be equthbrated by the next samphng

point at 93 hours. Vinyl chloride. 1,I, l-tnchloroethane,
1,2-dlchloroethane, and 1, l-thchloroethane were not

equdlbrated at 93 hours, but were equilibrated by the

next samphng point at 166 hours. Different equdlbra-

tton times may exist for other compounds. Differences

in eqmhbratlon times, If any, between single-solute or

mixed VOC solutions have not yet been thoroughly
examined

The samplers should be left m place long enough
for the well water, contaminant distribution, and flow

dynamics to restabthze following sampler deployment.

Laboratory and field data suggest that 2 weeks of equih-

bratlon probably is adequate for many applications;

therefore, a minimum equthbratton t_me of 2 weeks Is

suggested. In less permeable formations, longer equih-

brauon times may be required. When applying PDB

samplers in waters colder than previously tested

(10 °C) or for compound', without sufficient corrobo-

rating data, a s_de-by-s_de comparison with conven-

tional methodology _s advisable to justify the field

equdthratlon time

Executive Summsry 1
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Following the inmal equiltbrataon penod, the

samplers maintain equthbnum concentrations with the

ambient water until recovery. Thus, there is no specified

time for sampler recovery after initial equthbratmn.

PDB samplers routinely have been left in ground waters

having concentrations oi"greater than 500 parts per

mdhon (ppm) of trichk)roethene for 3 months at a time

with no loss of bag mtegnty, and at one site, the PDB

samplers have been left in place in VOC-contammated

ground water lor I year with no reported loss of sampler

lntegnty. The effects of long-term (greater than 1 month)

PDB-sampler deployment on sampler and sample integ-

rity have not yet been thoroughly tested for a broad

range of compounds and concentrations, however

Moreover, m son_ environmenL% development of a

blofilm on the polyethylene may be a consequence of

long-term deployment. Investigations of semipermeable

membrane devices (SPMDs) have shown that the trans-

fer of some compounds across a heavily biofouled poly-

ethylene membrane may be reduced, but not stopped.

If a heavy organic coating is observed on a PDB

sampler, it is advisable to determine the integrity of the

sample by comparison to a conventional sampling

method before continuing to use PDB samplers for

long-term deployment in that well.

Recovery consists of removing the samplers

from the well and lmmethately transferring the

enclosed water to 40-mdhhter sampling wals for anal-

ys=s. The resulting concentrations represent an tntegra-

Iron of chemical changes over the most recent portion

of the equlhbration period (approximately 48 to 166

hours, depending on the water temperature and the

type of compound).

The method has both advantages and limitations

when compared to other sampling methods. Advan-

tages include the potential for PDB samplers to elimi-

nate or substantially reduce the amount of purge water

associated with sampling. The samplers are relatively

inexpensive and easy to deploy and recover. Because

PDB samplers are disposable, there is no downhole

equipment to be decontaminated between wells, and

there is a minimum amount of field eqmpment

reqmred The samplers also have the potentml to
dchneate contaminant stratification in the formation

across the open or screened intervals of momtonng

wells where vertical hydraulic gradients are not

present In addiuon, the samplers integrate concen-

trations over time, which may range between about

48 to 166 hours depending on the compound of

interest Because the pore size of LDPE ts 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 addmon,

none of the data collected suggest that VOCs leach
from the LDPE material, or that there is a demmental

effect on the VOC sample from the PDB material.

Water-filled polyethylene PDB samplers are not

appropnate for all compounds. The samplers are not

suitable for inorganic tons and have a limited apphca-

bdity for non-VOCs and for some VOCs. For example,

although methyl-tert-butyl ether and acetone and most

semivolatde compound_ are transmitted through the

polyethylene bag, la_lratory tests have shown that the

resulting concentratmns were lower than m ambient

water. A variety of factors influence the ability of

compounds to diffuse through the polyethylene. These

factors include the molecular size and shape and the

hydrophobic nature of the compound. Unpubhshed lab-

oratory test data of semivolatde compounds in contact

with PDB samplers showed a higher concentration of

phthalates inside 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.

VOC concentratmns in PDB samplers represent

concentratmns in the wctmty uf the sampler w_thm the

well _reen or open interval. This may be a hmltatmn

for PDB samplers and some other typos of sampling,

such as low-flow samphng, if the ground-water
contarmnatton is above or below the screen or not In

the sample intervals providing water movement to the

PDB samplers. If there is a vertical hydrauhc gradient

in the well, then the concentrations in the sampler may

represent the concentrations in the water flowing verti-

cally past the sampler rather than in the formation

directly adjacent to the sampler. Vertically spaced

multiple PDB samplers may be needed m chemically

stratified wells or where flow patterns through the

screen change as a result of ground-water pumping or
seasonal water-level fluctuataons.

The purpo..ses of this dix:urnent are to present

methods fi)r PDB sampler deployment, and recovery;

to discuss approaches to determine the apphcabdtty of

passive diffusion samplers; and to diseuss various

factors influencmg interpretation of the data. The

intended audience for the methc, dology sections of this

report is managers and field personnel revolved in using

PDB samplers. The dtscu,,_iun of passive diffusion

sampler apphcabthty and lnterpretatmn of the data is

2 User's Guide for Polyethylene-Based Passive Dtf/utdon Bag Samplers to Obtain Volatile Organic Compound
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suited for project managers, techmcal personnel, and the

regulatory community. Part 2 of th]s report presents case

studLes of PDB sampler field apphcat*ons.

INTRODUCTION

The use of PDB samplers fl)r collecting ground-

water samples from wells offers a cost-effective

approach to long-term monttonng of VOCs at well-

characterized sites (Vroblesky and llyde, 1997; Gefell

and others, 1999). The effectiveness of the use of a

single PDB sampler m a well *s dependent on the

assumption that there is horizontal flow through the

well screen and that the quahty of the water m repre-

sentative of the ground water in the aquifer directly

adjacent to the screen. If there are vertical components

of mtra-borehole flow, multiple intervals of the forma-

tion contributing to flow, or varying concentrations of

VOCs vertically wtthm the screened or open interval,

then deployment of muluple PDB samplers within a

well may be more appropriate for samphng the well,

The samplers cons*st of de*onized water

enclosed in a LDPE sleeve (fig. 1) and are deployed

adjacent to a target horizon within a screened or ()pen

interval of a well The suggested apphcatJon is lor

long-term momtonng of VOCs in ground-water wells

Where the screened interval is greater than 10 Jeer fit),

the potentml for contaminant strahficat_on and/or mtra-

borehole flow wtthm the screened interval is greater

than m screened intervals shorter than 10 ft. It _s impor-

tant that the vertical distribution of contarranants he

determined in wells having 10-ft-long well screens,

and that both the vertical d_strlbuaon ot contaminants

and the potential for mtra-borehole flow he determined

m wells having screens longer than 10 ft. For many

VOCs of environmental interest (table 1), the VOC

concentratmn in water within the sampler approaches
the VOC concentration m water outside of the PDB

sampler over an equthbrat_on pened. The resulting

concentrations represent an integration of chemical

changes over the most recent part o! the equthbratlon

permd (approximately 48 to 166 hours, depending on

the water temperature and the type of compound hemg

sampled). The approach ts inexpensive and has the

potential to ehmlnate or substantially reduce the

amount of purge water removed from the well.

A variety of PDB samplers have been utdlzed m

well applications (fig. 1). Although the .samplers vary

m specific construction detads, a typical PDB sampler

consists of a I- to 2-ft-long LDPE tube closed at both

ends and contammg laboratory-grade demmzed water

(fig. 1). The typical diameter for PDB samplers used m

a 2-inch-dmmeter well is approximately 1.2 inches;

however, other dimensions may be used to match the

well dmmeter. EqutitbratJon times may be longer for

larger dmmeter PDB samplers. On the outside of the

PDB sampler, a low-density polyethylene-mesh some-

t_mes _s used for protection agamst abrasion m open

boreholes and as a means of attachment at the pre-

scribed depth, The PDB sampler can be posttmned at

the target honzon by attachment to a weighted hne or

by attachment to a fixed pipe.

PDB samplers for use m wells are avadable

commercially. Authorized distributors as of March

2001 are Columbia Analytical Services (800-695-7222)

and Eon Products (800-474-2490) A current hst of

vendors and PDB-sampler construction detads can be

obtained from the U.S. Geological Survey Technology

Transfer Enterpnse Office, Mad Stop 21 I, Natlon',d

Center, 12201 Sunrise Valley Drive, Reston, Vlrgmla

20192 (telephone 703-648-4344; fax 703-648-,:1-408),

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 nonexclu-

slve license for sampler construction from the U.S

Geological Survey Technology Enterprise Office at the
above address.

The purposes of th_s document are to present

methods for PDB sampler deployment, and recovery,

to discuss approaches for determmmg the apphcabihty

of passive diffusion samplers, and to di_uss various

factors influencing interpretation of the data The

intended audience for the methodology sections ofth_s

report ts managers and field personnel revolved m

using PDB samplers. The discussion of PDB sampler

apphcabthty and interpretation of the data is suited for

project managers, technical personnel, and the regula-

tory commumty. Part 2 of this report presents case

studies of PDB-sampler field applications.

Introduction 3
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Figure 1. Typical water-filled passNe
diffusion bag samplers used in wells.

including (A) diffusion bag with

polyethylene mesh, (B) d_usion bag
without mesh, and (C) bag and mesh
attached to bailer bottom.

Table 1. Compounds tested under laboratory conditions for use wdh passive diffusion bag samplers

[From Vroblesky and Caml_efl. 2001]

I Benze.nc ._. 2_. , 2Chlorovmylcth_ j c_-l,2-Dichlorocd_ne
rBromochchl_e ., l_bromochlonxnethanc _ tra,'u-l,2-1_chlomed_'n¢

Bmmoform . i DibromomeLhanc '" C'l_2-D*chknopropane

C'hlozobcnzene. ! 1,2-D1chloxobeRze._e _ c_-Dichloruprow.ne

j
Chlm_._d_':. _:_..... 1.4-D, chlo'rol_nzer_ "_ irma,- ! .3_Dj'ch]oro_pcnc
C'filoroform " ", , t Dichlorod;fluor_m_ac¢ E_hyl Ixnz.cnc

Clzlocom_Jh_,nc 1,2-D_chlon_thane . Napht.halct¢
, , < ........

r -_ ..... _--- _ l I -D['chlor_cthcnc Toluene

i

! Ac¢¢OC¢* MccJ_yl-ter/-b_ztyl clh_r S_yrene

"T M SwavccaadS S Bagh¢l.GencrLIFJocmc Company,wnncncoramun,2000

1,1, I-Tnchloroeihanc

l,l,2-Tnchlo_c_hanc

Trichl,Jrofl uo¢orn_h ane

1.2.3-Tnc ,hlo_propan¢

1. [ .2.2-Tetxacldoroclhan c

Vinyl chloride ..... ,

To_alxylcn<s
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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 disposable, there is no

downhole eqmpment to be decon "tanunated between wells.

5 A mmtmal amount ol field equipment is ieXlulred.

6. Sampler recovery is rap_d. Because of the small

amount of time and equipment required for the

samphng event, the method is practical for use where

access is a problem or where discretion is desirable (that

_s, residential communities, business districts, or busy

streets where vehicle traffic control is a concern).

7. Multiple PDB samplers, dlsmbuted vertically

along the screened or open interval, may be used m

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

highest concentratmn [n the well. Analytical costs when

using multiple PDB samplers sometimes can be reduced

by selecting a hmlted 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 I.DPE is only about

10 angstroms or less, sediment does not pass through

the membrane into the bag. Thus, PI)B samplers are not

subject to interferences from turbidity In addition, none

of the data collected suggest that VOCs leach from the
I.DPE material or that there _s a detrimental effect from

the PDB material on the VOC sample.

Limitations

1. PDB .samplers integrate concentrations over

time This may be a limitation if the goal of samphng is

to collect a representative sample at a point m time in an

aquifer where VOC-eoncentrations substantially change

more rapidly than the samplers equilibrate. Laboratory

rt_ults obtained mdmate that a variety of compounds

equdlbrated within 48 hours at 21 <'C (Vroblesky and

Campbell, 2001). Vinyl chloride, I,l,l-tnchlornethane,

1,2-dichloroethane, and 1,1-dtchlorocthane may require

between 93 and 166 hours to equilibrate at 10 °C

(TM. Slvavec and S.S Baghel, General Electric

Company, wrrttcn commun., 2000). The imtml equth-

bration under field condmons may be longer to allow

well water, contaminant distribution, and flow dynamics

to restabthze following sampler deployment.

2. Water-filled polyethylene PDB samplers are

not appropriate for all compounds. For example,

although methyl-tert-butyl ether and acetone

(Vroblesky, 2000; Paul Hare, General Electric

Company, oral commun., 2000) and most semivolatile

compounds are transmrtted through the polyethylene

bag, laboratory tests have shown that the resulting
concentrations were lower than in ambient water.

A variety of factors influence the abdity of compounds

to diffuse through the polyethylene membrane. Thee

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 in polyethylene do not exceed about 10 angstroms

in diameter (P'lynn and Yalkowsky, 1972; tlwang and

Kammermeyer' 1975; Comyn, 1985). The samplers are

not appropriate for hydrophthc polar molecules, such a_

morgamc tons. A detailed discussion of the relation

between hydrophobicity and compound transport

through polyethylene can be found in Gale (1998)

Unpubhshed laboratory test data (D.A. Vroblesky, U.S.

Geological Survey, written commun., 1998) of semi-

volatile compounds m contact w_th PDB samplers

showed a higher concentration of phthalates inside the

PDB sampler than outside the PDB _mpler, suggesting

that the polyethylene may contribute phthalates to the

enclosed water. Thus, the sampler,o 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 concentrations in the open interval of the well

probably are representative of the aquifer water in the

adjacent formation (Gdlham and others, 1985; Robin

and Gdlham, 1987: Kearl and others, 1992; Powell and

Puls, 1993; Vroblesky and Ilyde, 1997). In these situa-
tions, the VOC concentration of the water in contact

with the PDB samplers, and therefore, the water within

the diffusion samplers, probably represents local condi-

tions in the adjacent aquiter. However, if the well screen

ts less pemleable than the aquifer or the sandpack, then

under ambient conditions, flowhnes may be thverted

around the screen. Such a situatmn may arise from mad-

equate well development or from iron bacterial fouhng
of the well screen. In this case, the VOC concentrations

in the PDB samplers may not represent concentratmns in

Introduction 5
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the formation water because of inadequate exchange

across the well screen. PDB samplers have not yet been

adequately tested to determine their response under
such conditions

4. VOC concenwatlons in PDB samplers represent

ground-water concentrations m the vmimty of the

screened or open well interval that move to the sampler
under ambient flow condmons. This is a hmitatJon if the

ground-water contamination hes above or below the

well screen or open interval, and requires the operation

of a pump to conduct contarmnan_ into the well for

sampbng.

5. In cases where the well screen or open inter-

val transects zones ofdlflenng hydrauhc head and
variable contarmnaot concentrations, VOC concentra-

tions obtained using a PDB sampler may not reflect

the concentrations in the aquifer directly adjacent to

the sampler because of vertical transport in the well.

However, a vertical array of PDB samplers, used in

conjunction with borehole flow meter testing, can

provide insight on the movement of contarmnants into
or out of the well. This m lormatlon then can be used to

help detemune if the use of PDB samplers is appropri-

ate for the well, and to select the optimal vertical

location(s) for the sampler deployment.

6. In wells with screens or ()pen intervals with

stratified chenucal concentrations, the use of a single

PDB sampler set at an arbitrary (by convention) depth

may not provide accurate concentration values for the

most contaminated zone. However, multiple PDB

samplers distributed vertically along the screened or

open interval, in eonjuochon with pump samphng

(as appropriate), can be used to locate zone(s) of high-

est concentration in the well. Muluple PDB samplers

also may be needed to track the zone of maximum

concentration in wells where flow patterns through the

screened interval change as a result of ground-water

pumping or seasonal water-table fluctuations

PASSIVE DIFFUSION BAG SAMPLER

DEPLOYMENT

A variety of approaches can be used to deploy

the PDB samplers in wells. A typical deployment

approach, descnbed in this section, is to attach the

PDB samplers to a weighted line. It also Is acceptable

to attach the weights d,reetly to the PDB sampler ff the

attachment point is of sufficmnt strength to support the

weight. The weights attached to the bottom of the

line are stainless steel and can be mused, but must be

thoroughly decontaminated with a detergent before the

first use or before using in a different well. Rope, such

as 90 pound, 3/16 inch braided polyestch can be used

as the line for single-use applications tf it is of suffi-

cient strength to support the weight and sampler, is

nonbuoyant, and is subject to minimal stretch; how-

ever, the rope should not be mused because of the high

porentml for cross contanunation. Stainless-steel or

Teflon-coated stainless-steel wire is preferable. The

weighted lines should not be reused in different wells

to prevent carryover of contaminants A possthle

excephon Is coated stainless-steel wire, which can he
reused after sufficient decontamination. An alternative

deployment approach, not discussed in this section, is

to attach the PDB samplers to a fixed pipe in the well

(Vroblesky and Peters, 2000, p. 3; also included m Part 2

of this publication). The PDB samplers should not con-

tact non-aqueous phase liquid (NAPL) dunng deploy-

ment or retrieval to prevent cross contamination. An

approach that can be utthzed to deploy diffusion sam-

piers through a layer of floating NAPL is described in

the field test at Naval Station North Island, California

(Vroblesky and Peters, 2000, p. 3-4; also included in

Part 2 of this pubhcation).

If the PDB sampler ts to be compared with a

convenuonal pumping approach to samphng, then it is

suggested that both the pump and the PDB sampler he

dephiyed at the same ume, with the sampler attached

near (such as directly below) the pump inlet. This

approach ehmmate,_ potential concentration differences

between the two methods that may result from well

thsturbance during equipment removal and deploy-

ment at the time of sampling. An alternative method is

to deploy the PDB samplers independently of the

pumps and recover the samplers Immediately prior to

placing the pump down the well.

PDB samplers are available either prefilled with

laboratory-grade deiontzed water or unfilled The

unfilled samplers are equipped with a plug and funnel

to allow for field filling and sample recovery. To fill

these samplers, remove the plug from the sampler bot-

tom. insert the short funnel Into the sampler, and pour

laboratory-grade deiomzed water into the sampler The

sampler _hould he filled until water rises and stands at

least halt" way into the funnel, Remove excess bubbles

from the sampler. Remove the funnel and reattach

the plug. A small air bubble from the plug is of no

conccFn.

6 User'8 Guide for Polyethylene-Based pastdve Diffusion Bag Sire#err to Obta4n Volatile Organic Compound

Conce_ratlons In We.s--Part 1: OeploymenL Recovery, Data Interpretation, and Quality Control and Assurance



705 377

The following steps should be used for deploymg

PDB samplers m wells:

h 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 sethment has accumulated m the

bottom of the well, whether there is a nonscreened

section 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 mdependent method, such a.s

video imaging of the well bore, is strongly suggested.

2. Attach a stainless-steel weight to the end of the

line. Sufficient weight should be added to counterbal-

ance the buoyancy of the PDB samplers. Th_s is

particularly important when multiple PDB samplers are

deployed. One approach, discussed m the following

paragraphs, is to have the weight resting on the bottom

of the well, wah the line taut above the weight. Altema-

tively, the PDB .,,ampler and weight may be suspended

above the bottom, but caution should be exercised to

ensure that the sampler does not shift location Such

shifting can result from stretching or shpping of the line

or, if muluple samplers are attached end-to-end rather

than to a weighted line, stretching of the samplers

3. Calculate the distance from the bottom ol the

well, or top of the _JJment in the well, up to the point

where the PDB sampler is to be placed. A vanety of

approaches can be used to attach the PDB sampler to

the weight or weighted hne 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 Js used with multiple

PDB samplers down the same borehole, the weight

should only he attached to the lowermost .,,ampler.

An adthtlonal option is to use coated stamless-steel

wire as a weighted line, making loops at appropriate

pomts to attach the upper and lower ends of PDB

samplers. Where the PDB sampler position varies

between samphng events, movable clamps with rings

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 be used to attach

the PDB samplers. An approach using rope as a

weighted line with knots tied at the appropriate

sampler-attachment points Is discussed below.

(a) For 5-ft-long or shorter well screens, the

center point of the PDB sampler should be the

vertical midpoint of the saturated well-screen

length. For example, if the well screen is at a

depth of 55 to 60 ft 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-

ment. In this case, the midpoint of the sampler

between the attachment 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 weighted line should be tied at thstances of

1.25 ti (2 ft - 0 75 ft) and 2.75 ft (2 ft + 0.75 ft)

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 wdl be at 57-ft

depth. If, however, independent ewdence is

available showing that the h_ghest concentration

of contaminants enters the well from a specific

zone within the screened mtcr_al, then the PDB

sampler should be posmoned at that interval.

(b) For 5- to 10-ft-long well screens, it is

advisable to utilize multiple PDB samplers verti-

cally along the length of the well screen for at

least the initial sampling (fig. 2) The purposes of

the multiple PDB samplers are to determine

whether contanunant stratitication is present and

to locate the zone of h_ghest concentration The

midpoint of each sampler should be posmoned at

the m_dpomt of the interval to be sampled For

1.5-ft-long samplers, at each sampling depth in

the screened interval, make two attachment

points on the weighted hne at a d_stance of about

1.5 ft apart. The attachment points should be

positioned along the weighted hne at a distance

from the bottom end of the weight such that the

midpoint between the knot::, wdl be at the desired

sampling depth along the well screen. Sampler

intervals are variable, but a simple approach ts to

use the top knot/loop of one sampler interval as

the bottom knot/loop for the overlying sampler
interval.

Psssh,e D_ffus_onBag Sampler Deployment 7
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Rgure 2. Example ot muff=pie PDB
samplers prepared for deployment.

(c) PDB samplers should not be used m wells

having screened or open intervals longer than

10 ft unless used in conjunction with borehole

flow meters or other techniques to charactertze

verttcal varlabdtty m hydraulic conductivity and

contaminant distribution or used strictly for

qualitative reconnaissance purposes. This IS

because of the increased potential for cross con-

tammation of water-bearing zones and hydrauh-

cally dnven mixing effects that may cause the

contaminant stratification in the well to differ

from the contaminant stratification in the adja-

cent aquifer material. If _t is necessary to sample

such wells, then multtple PDB samplers should

be installed vertically across the ,screened or

open mterval to determine the zone of highest
concentration and whether contanunant stratifl-

catmn is present.

4. The samplers should be attached to the

wetghts or weighted hne at the time of deployment.

For samplers utdizmg the hanger and weight assembly.

the hne can be attached directly to the top of the

sampler. PDB samplers utilizing an outer protective

mesh can be attached to a weighted line by using the

following procedure:

(a) Insert cable tle_ through the attachment

points in the weighted line.

(b) At each end of the PDB sampler, weave

the ends of the cable ties or clamp through the

I,PDE mesh surrounding the sampler and tighten

the cable ties Thus. each end of the PDB

sampler will he attached to a knot/hn)p in the

weighted hne by means of a cable tie or clamp.

I he cable ties or clamps should be [x)stt=oned

through the polyethylene mesh in a way that

prevents the PDB sampler from shdmg out of the

mesh.

(c) Trim the excess from the cable t=e before

placmg the sampler down the well. Caut=on

should be exercised to prevent sharp edges on

the trtmmed cable ties that may puncture the
LDPE

User'sGuide for Polyethylene-BasedPassive CHffuslonBagSamplersto Obtain VolatileOrganic Compound
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5. When 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 weighted line. Stainless-steel spnng

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 line above the weight is taut The PDB

samplers should now be positioned at the expected

depth. A check on the depth can be done by placmg a
knot or mark on the hne at the correct drstance 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 ts to attach the weighted Ime to a hook

on the inside of the well cap. Reattach the well cap.
The well should be sealed in such a way as to prevent

surface-water invasion. This ts particularly important

in flush-mounted well vaults that are prone to flooding.

8 Allow the system to remain undisturbed as the

PDB samplers equdthrate.

PASSIVE DIFFUSION BAG SAMPLER AND

SAMPLE RECOVERY

The amount of time that the samplers should be

left m the well prior to recovery depends on the time

reqmred by the PDB sampler to equflthrate with ambl-

eot water and the time required for environmental

disturbances caused by ,sampler deployment to return to
ambmnt conditions. The rate that the water within the

PDB sampler equdthrates with ambient water depends

on multiple factors, including the type of compound

being ,sampled and the water temperature, The concen-
trations of bent_ne, cis-1,2-dtchloroethene (cDCE),

tetrachlorethene (PCE), trichh)roethene ('ICE), tolu-

ene, naphthalene, 1,2-dthromoethane (EDB). and total

xylencs within the PDB samplers equ,hbrated with the

concentrations in an aqueous mixture of those

compounds surrounding the samplers under laboratory

conditions within approximately 48 hours at 21 °C

(Vroble,sky and Campbell, 2001 ). A subsequent labora-

tory study of mixed VOCs at 10 °C showed that PCE

and TCE were eqmhbrated by about 52 hours, but other

compounds required longer equdibratton times (T M.

Stvavec and S.S. Baghel, General Electric Company,

wntlen commun., 2000). Chloroethane, cI)CIz, trans-

1.2-dichloreethene, and I, l-dtchlornethcne were not

equilibrated at 52 hours, but appeared to be equthbrated

by the next ,sampling point at 93 hours. Vinyl chlonde,
1, I, l-tnchloroethane, 1,2-thchlomethan¢, and 1, l-

dichloreethane were not equdthrated at 93 hours, but

were equilibrated by the next sampling point at 166

hours. Different equilibration times may exist lot other

compounds. Differences in equilibration times, if any,

between single-solute or mixed-VOC Mflutinns have

not yet been thoroughly examined.

Under field conditions, the samplers should be

left in place long enough for the well water, contami-

nant thsmbution, and flow dynamics to restabihze fol-

lowing sampler deployment. The results of borehole

dilution studies show that wells can recover to 90 per-

cent of the predlsturbance 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) m muds, very fine-grained loamy sands,
and fractured rock, and may take even longer m frac-

tured shales, recent loam.s, clays, and slightly fractured

solid igneous rocks (Halevy and others, 1967).

In general, where the rate of ground-water

movement past a diffusion sampler is high, eqmhbra-

tJon times through various membranes commonly

range from a few hours to a lew days (Mayer, 1976,

Hamngtnn and others, 2000). One field investigation

showed adequate equdrbratton of PDB samplers to

aquifer tnchloreethene (TCE) and carbon tetrachlonde

(CT) concentration,', within 2 days tn a highly perme-

able aquifer (Vroblesky and others, 1999). In other

investigations, PDB samplers recovered after 14 days

were found to be adequately eqmhbrated to chlorinated

VOCs (Obnen & Gere Engineers. Inc., 1997a, 1997b,

Hare, 2000), therefore, the equthbratton period was

less than or equal to 14 days for those field conditions.

Because it appears that 2 weeks of equilibration proba-

bly is adequate for many applications, a mimmum

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-

ctent corroborating field data, a side-by-side com-

parison with conventional samphng methodology is

advisable to justify the field equilibration time.

In less permeable formations, longer equilibra-

tion times may be required. It ts probable that water m

the well bore eventually will equilibrate with the pore-

water chemistry; however, if the rate of chemical

change or volatihzatton loss m the well bore exceeds

the rate of exchange between the pore water and the

well-bore water, then the PDB samplers may under-

Pmive Diffusion Be 9 Sampler and Sample Recovery 9
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estimate pore-water concentrations. Guldehnes for

equilibration times and applicability of PDB samplers

in low-permeability formatrons have not yet been

established. Therefore, in such situations, a side-by-

side comparison of PDB samplers and conventional

samphng methodology is advisable to ensure that the

PDB samplers do not underestimate concentratrons

obtained by the convenmmal method. A detailed
discussion of diffusion rates relevant to diffusion

sampler equilibrium in slow-moving ground-water

systems can be found in Harrington and others (2000)

Following the initial equlhbrauon penod, the

samplers maintain equdlbnum concentrations w_th the

ambient water until recovery. Thus, there is no speci-

fied maximum time for sampler recovery. 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 have been left m place in

VOC-contarmnated ground water for I year with no

reported loss of sampler integnty (Paul Hare, General

Electric Company, oral commun., 2000). The effects of

long-term (greater than 1 month) PDB-sampler deploy-

ment on sampler and sample integnty have not yet

been thoroughly tested for a broad range of compounds

and concentrations. Moreover, in some environments,

development ofa blofilm on the polyethylene may be a

consequence of long-term deployment. Investigations

of semipermeable membrane devices (SPMDg) have

shown that the transfer of some compounds may be

reduced, but not stopped, across a heavily blofouled

polyethylene membrane (Ellis and others, 1995,

Huckins and others, 1996; lluckms and others, m

press). I! a heavy organic coating is observed on a

PDB sampler, It is advisable to determine the integrity

of the sample by companng contaminant concentra-

tions from the PDB sampler to cnncentraUons from a

conventaonal sampling method before conunutng to use

PDB samplers for long-term deployment in that well.

Recovery of PDB samplers is accomphshed by

usmg the following approach:

1 Remove the PDB samplers from the well by

using the attached line. The PDB samplers should not

be exposed to heat or agitated.

2. Examine the surface of the PDB sampler for

ewdence of algae, _ron or other coatings, and for tears

in the membrane. Note the observations in a samphng
field book. If there are tears in the membrane, the

sample should be rejected. If there is evidence that the

PDB sampler exhibits a coating, then this should be
noted the validated concentratmn data.

3. Detach and remove the PDB sampler from the

weighted line. Remove the excess liquid from the exte-

rior of the bag to minimize the potentml for cross

contamination.

4. A variety of approaches may be used to trans-

fer the water from the PDB samplers to 40-mL volatile

organic analys_s (VOA) wals. One type of commer-

cially avadable PDB sampler provides a discharge

device that can be inserted into the sampler, if

d*scharge devices are used, the diameter of the openmg

should be kept to less than about 0.15 inches to reduce

volatilization loss. Two options are presently available

to recover water from the sample using discharge

devices. One option involves removing the hanger and

weight assembly from the sampler, reverting the

sampler so that the fill plug IS pointed upward, and

removing the plug. The water can be recovered by

directly pourmg m a manner that rmnrmizes agitation

or by pounng through a VOC-di.,,charge accessory

inserted m place of the plug. The second approach

involves piercing the sampler near the bottom with a

small-diameter discharge tube and allowing water to

|low through the tube into the VOA vmls. In each case,

flow rates can be controlled by tilting or mampulating

the sampler. Alteroatlvely, the PDB sampler can be cut

open at one end using sc*ssors or other cutting devices
which have been decontaminated between use for

different wells. Water can then be transferred to 40-ml

VOA vials by gently pounng in a manner that rmni-

mlzes water ag=tation Acceptable duplication has beon

ohtained using each method Preserve the samples

according to the analytical method. The samphng vials

should be stored at approximately 4 "C m accordance

with standard sampling protocol, l.aboratory testing

suggests that there ts no substantml change m the VOC

concentratlnns m PDB samplers over the first several

minutes after recovery, however, the water should be

transferred lrom the water-filled samplers to the

sample b_rttles immediately upon recovery

5. A co,t-effective alternative when using multi-

ple PDB samplers in a smgle well ]s to field screen

water from each sampler using gas chromatography.
These results can be used to decide which of the multi-

ple PDB samplers should he sent to an EPA-approved

laboratory for standard analysis. Typically, at least the

sample containing the htghest concentration should be

analyzed by a laboratory.
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6 If a comparison is being made between

concentrations obtainod usmg PDB .samplers and

concentrations obtained 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 samplcr. The water

samples obtained using PDB samplers should be sent

in the same shipment, as the samples collected by the

conventional approach for the respecuve wells. Unhzmg

the same laboratory may reduce an',dytlcal variabduy.

7. Any unused water from the PDB sampler and

water used to decontaminate cutting devices should be

disposed m 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 appropnate at a particular well, a

common approach is to do a side-by-side companson

with a conventional samphng method during the same

sampling event. This approach is strongly suggested in

wells having temporal eoncentratmn vanabdlty. In a

well having relatively low temporal concentration van-

abthty, comparison of the PDB-sampler results to

hlstoncal concentrations may provide enough Infor-

mation to determine whether the PDB samplers are

appropnate for the well. In general, if both PDB and

conventional sampling produce concentrations 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 in that well to morn-

tot ambient VOC concentrations 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 conditions because there usually is a

greater potential for dilution from mixing during

samphng using conventional methods than during

sampling using PDB samplers.

If, however, the conventional method produces

concentrations that are significantly higher than those

obtamed using the PDB sampler, then at is uncertain

whether the PDB-sampler concentrations represent

local ambient conditions. In this case. further testing
can be done to determine whether contaminant stratifi-

cation and/or mtra-boreholc flow is present. Multiple
samphng devices can be used to determine the pres-

ence of contanunant stratification, and borehole flow-

meters can be used to determine whether mtra-

borehole flow is present. When using flowmeters to

measure verttcal flow in 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 others, 1967.
Drost and others, 1968, Gnsak and others, 1977;

Palmer, 1993) can be used to determine whether water

is freely exchanged between the aquifer and the well
SCl'e_n.

Once the source of the difference between the

two methods Js determined, a declsmn 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 wuhm the screened interval despite the

higher VOC concentration obtained from the conven-

tional method. This may be because the pumped

samples incorporated water containing higher concen-

trations either from other water-bearing zones Induced

along inadequate well seals or through fractured clay

(Vroblesky and others, 2000), from other water-bear-

ing zones not directly adjacent to the well screen as a

result of well purging prior to sampling (Vroblcsky and

Petkewich; 2000), or from mixing of chemically strati-

fied zones In the vicinity of the .screened interval

(Vroblesky and Peters, 2000)

The mixing of waters from chemically stratified

zones adjacent to the screened interval dunng pumping

probably is one of the more important sources of

apparent differences between the results obtamed 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

sampling devices (Dean and others, 1999; PItkin and

others, 1999), and considerable vanatmn in hydraulic

conductivity and water chemistry has been observed in

an aquifer in Cape Cod, Massachusetts, on the scale of

centimeters (Wolf and others, 1991, Smith and others

1991; Hess and others, 1992). Multiple PDB samplers

have been used to show a change in TCE concentration

of 1,130 (big,a-, over a 6-ft vertical screened interval in

Minnesota (Vroblesky and Petkewtch, 2000). Tests

using PDB samplers in screened intervals containing

VOC stratlficatmn showed that the PDB-sampler data

appeared to be pomt-specific, whereas the pumped

sample integrated water over a larger interval (Vroblcsky

and Peters, 2000).

Determining Applicability of PassJve Diffusion Bag Samplers, _md Interpretation of Data 11
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The deelslon on whether to use PDB samplers m

such situations depends on the data-quality obJeCtives

for the particular site. If the goal is to determine and

monitor higher concentrations or to examine contami-
nant strattficaUon within the screened interval, then

the PDB samplers may meet this objecuve. If the goal

is to determine the average concentrations for the

entire screened interval, then a pumped sample or an

average from muluple dlffusaon samplers may be

appropriate.

As an aid m the decision-making process, the

following section examines the influences that hydrau-

hc and chemical heterogeneity of an aquifer can have

on sample quality in long-screened wells. Because

VOC concentrations from PDB samplers commonly

are compared to VOC eoncentrauons from other

sampling methodologws, the second section exanunes

the dlffercnces in sample quality between these meth-

odologies m situations of hydrauhc and chemical

heterogeneity.

Influences of Hydraulic and Chemical

Heterogeneity on Sample Quality in

Long-Screened Wells

Samphng bmses and chemical vartabdtty in

long-screened wells, which can be loosely defined as

wells having slgmficant physical and chemical hetero-

geneity within the .screened interval and m the adja-

cent aquifer (Redly and Leblanc, 1998), have been the

subject of numerous mvesUgattons. Sources o! cberm-

cal vanabdity m such wells include non-uniform flow

into wells (Robbms and Martin-tlayden, 1991; Redly

and Gabs, 1993; Chmng and others, 1995, Church and

Granato, 1996; Reilly and I.eBlanc. 1998), hthologlc

heterogeneity (Redly and others, 1989, Robbms, 1989;

Martm-Hayden and others, 1991; (hbs and others,

1993; Redly and Glbs, 1993), and m-well nuxmg.

In a well open across a chemically or hydrauhcally

heterogeneou,; section of the aquifer, differences m

the sampling methodology can produce sigmficant

dfffurence.s in the samphng results

Long-screened wells have the potential to

redistribute chemical constituents m the aqmfer

where there are vertical hydrauhc gradients within the
screened interval. Water can move into the well from

one horizon and exit the well at a different horizon

(Church and Granato, 1996, Redly and LeBlane 1998).

If there ts vertical flow m the screened or open inter-

val, and the zone of low hydrauhc head (outflow from

the well) is withm the contaminated horizon, then the

PDB samplers (or any standard samphng methodol-

ogy) can underesUmate or not detect the contamma-
oon. The reason is that. in this case, the contaminated

horizon does not contribute water to the well under

static conditions. Instead, water from other horizons

with h,gher hydrauhc head wdl invade the contami-

nated horizon by way of the well screen Under

pumped conchtmns, the majority of the extracted water

will be from the most permeable interval, which may

not be the contammated zone. Even when pumping
induces mflow from the contanunated interval, much

of that inflow wdl be a reflection of the residual

invaded water f[om other horizons. In th_s situation,

a substantial amount of purging would be reqmred

before water repres.entaUve of the aquifer could be

obtained (Jones and l.emer, 1995). Such samphng is

not likely to reflect a slgmficant conmbutlon from the
contaminated zone, and concentrations in the contami-

nated zone probably wdl be underestimated.

Simdarly, if VOC-contammated water is flow-

mg into the well and Is exiting the well at a thfferent

horizon, then VOCs wdl be present along the screened
interval between the two horizons. In this case, VOC

concentrations m the screened interval may be repre-

sentative of aquifer concentrations at the inflow

horizon, but may not be repre.,,entative of aquifer
concentrations near the outflow horizon

In areas where verhcal straUficatlon of VOC

concentrations are anticipated, using multiple PDB

.samplers may more fully characterize the contami-

nated horizon than using a single PDB sampler. This

is particularly true m wells having screens 10 ft or

longer; however, slgmficant VOC straufication has

been observed over intervals of le_ than 5 ft (Vroblesky

and Peter,o, 2000). Because of the increased probabdlty

of vertical concentration or hydrauhc gradients w_thm

the open interval of long-screened (greater than 10 It)
wells, it )s advisable to determine the zones of inflow

and outflow within the screened or open interval of

these wells usmg borehole flowmeter analysts (Hess,

1982; 1984; 1986; 1990, Young and others, 1998).

Comparison of Passive Diffusion Bag

Sampling Methodology to Conventional

Methodologies

Tradmonal samphng methodologies, such as the

purge-and-_mple (or conventional purging meth(xt),

low-flow or low-volume samplmg, and using straddle

packers and multdevel samplers, produce VOC
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concentrations that may thffer from VOC concentra-

tions obtained from PDB samplers because the meth-

odologies sometimes are influenced m different ways

by aqmfer hydraulic and chemical heterogeneity. This

section exanunes potenual sources of concentration

differences between traditional methodologies and the

PDB methodology.

The purge-and-sample approach to ground-water

momtonng differs from the diffusion-sampler

approach primarily because the area of the screened or

open interval that contributes water to the purged

sample typically is greater than for the PDB sampler

and the potential for rmxmg of stratified layers is

higher. When pumping three or more casing volumes

of water prior to collectm 8 a sample, chemical concen-

trations in the discharging water typically change as the

well ts pumped (Keely and Boateng, 1987; Cohen and

Rabold, 1988; Martm-Hayden and others, 1991;

Robbms and Martin-Hayden, 1991; Redly and Glbs,

1993; Barcelona and others, 1994; Martm-Hayden,

2000), due to mixing dunng pumping and other factors,

such as the removal of stagnant water in the casing and

changing patterns of inflow and outflow under ambient

and pumping conditions (Church and Granato, 1996).

The induction of lateral chenucal heterogeneity dunng

pumping also may produce variations m the sampled

concentrations. The amount of nuxmg during purging

can be highly variable (Barber and Davis, 1987;

Church and Granato, 1996, Redly and Ix:Blanc, 1998;

M',u'tin-Hayden, 2000), and may result m concentra-

tions that are not locally representative (Redly and

Gths, 1993). Substantial vertical hydraulic gradients,

even in shallow homogeneous aquifers, have been

observed to bins samphng using conventional 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 (Hutchms and Acrcv,:, 2000). Thus,

differences may be observed between concentrations

obtained from a pumped sample and from a PDB

sample m a chemically stratified interval if the pumped

sample represents an integrat_on of water collected

from multiple horizons and the PDB sampler repre-

sents water collected from a single horizon

Low-flow purging and sampling (Barcelona and

others, 1994; Shanklm and others, 1995) disturbs the

local ground water less than conventional purge-and-

7O5

sample methods. Thus, samples obtained by PDB

samplers are likely to be more smular to samples

obtmned by using low-flow purging than to those

obtained by using conventional purge-and-sample
methods. Even under low-flow condmons, however,

purging stdl can integrate water within the radius of

pumpmg influence, potentmlly resulting in a deviation

from VOC concentrations obtained by PDB sampling.

One mvestigation found that m low hydrauhc eondue-

favity formations, low-flow sampling methodology
caused excessive drawdown, which dewatered the

_reencd interval, increased local ground-water veloci-

ties, and caused unwanted colloid and soil transport

into the ground-water samples (Sevee and others,

2000). The authors suggest that in such cases, a more

appropriate samphng methodology may be to collect a

slug or passive sample from the well screen under the

assumption that the water m the well screen is in

equthbnum with the surrounding aquifer.

Isolating a particular contributing fracture zone

with straddle packers m an uncased borehole allows

depth-discrete samples to be collected from the target

horizon (Hsteh and others, 1993; Kammsky and Wylie,

1995). Strategically placed straddle packers often can

minimize or ehmmate the impact of vertical gradients

m the sampled interval However, even within a

packed interval isolatmg mflowmg fracture zones,
deviations between VOC concentrations in water from

PDB samplers and water sampled by conventional

methods still may cx:cur iI the conventional method

mixes chemically stratified water outside the borehole

or if the packed interval straddles chemically heteroge-

neous zones.

The use of multilevel PDB samplers and other

types of muhdevel samplers (Ronen and others, 1987;

Kaplan and others, 199 h Schtrmer and others, 1995;

Gefell and others, 1999; Jones and others, 1999) poten-

ually can dehneate some of the chemical stratification.

Diffusion samphng and other sampling methodologies,

however, can be influenced by vertical hydrauhc gradi-

ents within the well screen or the sand pack When

vertical hydraulic gradients 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 rmxmg of water from other contribut-

ing intervals within the borehole In a screened well,

even multdevel samplers with baffles to hmlt vemcal

flow m the well cannot prevent influences from

383
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vertical flow m the gravel pack outside the well
screen. Such vemcal flow can result from small

vertical differences m head with depth. A field test

conducted by Church and Granato (1996) found that

vertical head differences rangmg from undetectable
to 0.49 ft were sufficient to cause substantial flows

(as much as 0.5 hters/rmnute) m the well bore.

QUALITY CONTROL AND ASSURANCE

The sources of variability and bias mtroduced

during sample collection can affect the interpretation

of the results. 1'o reduce data variability caused dunng

samphng, a series of quahty-control samples should
be utilized.

Replicate samples are important for the quality

control of diffusion-sampler data. Sample rephcates

provide information needed to estimate the precision
of concentration values determined from the combmed

sample-processing and analytical method and to

evaluate the consistency of quantifying target VOCs.

A rephcate sample for water-filled diffusion samplers

cons,sts of two separate sets of VOC vials filled from

the same thffuston sampler. Each .,..et of VOC vials

should be analyzed fur comparison. Approximately

10 percent of the samplers should be rephcated.

The length of the PDB sampler can be adjusted

to accomm(_ate the data<luahty ob.lcctwes for the

sampling event. "l'he length can be increased tf add,-

tlonal volume is required for collection of rephcate

and matrix spike/matrix spike duplicate samples.

Trip blanks are used to determine whether exter

hal VOCs are contaminating the sample due to bottle

handhng and/or analytical processes not a_snc,ated.

with field processing. Trip blanks are water-filled

VOA v,als prepared offmte, stored and transported

with the other b_ttles used for collecting the environ-

mental sample, and then subrmtted for analysts with

the environmental sample. Consideration also should

be gt yen to the collection of a predeployment PDB mp

blank to determine if the PDB samplers are exposed to

extraneous VOCs pnor to deployment. The predeploy-

ment trip blank should be a PDB sampler that ts stored

and transported with the field PDB samplers from the

time of sampler construct,on to the time of deploy-

ment in the wells. An ahquot of the predeployment

blank water should be collected from the PDB sampler

m a VOA vral and submitted for analysts at the time of

sampler deployment.

Water used to construct the diffusion samplers

should be analyzed to deterrmne the presence of back-

ground VOCs. Although many VOCs accidentally

introduced into the diffusion-sampler water probably

will reequfltbrate with surroundmg water once the

diffusion samplers are deployed, some VOCs may

become trapped within the diffusion-sampler water.

For example, acetone, which ts a common laboratory

contammant, does not easily move through the poly-

ethylene diffusion _mplers (Paul Hare, General Elec-

tric Company. oral commun., 1999). Thus, acetone

inadvertently introduced into the diffusion-sample

water dunng _mpler eonstructaon may persist in the

samplers, resulting in a false positive for acetone after

_mpler recovery and analysts

Consideration should be given to the collection

of a PDB trip blank to determine if the PDB samplers

are exposed to extraneous VOCs prior to deployment.

A trip blank ts collected from a PDB sampler that is

stored and transported with the field PDB sampler_

between the t,me of sampler construction and deploy-

ment in the well. The water for the trip blank ts

collected from the PDB sampler in VOA vials at the

time of sampler deployment.

SUMMARY

Water-filled passive diffusion bag (PDB) sam-

piers described m this report are suitable for obtammg

a variety of VOCs m ground water at momtonng wells.

The suggested apphcatlon for PDB samplers ts for

long-term momtormg of VOCs in ground-water wells

at well-characterized sites Where the screened interval

ts greater than 10 It, the potential for contaminant

strat,ficat,on and/or lntra-borehole flow within the

screened mterval is greater than in screened mtervals

shorter than 10 ft. It is suggested that the vertical thsm-

button of contaminants be determined in wells havmg

10-fi-long well screens, and that both the vertical d_s-

trthution of contaminants and the potential for mtra-

borehole flow be determined m wells havmg screens

longer than 10 ft. A typical PDB sampler consists of a

I- to 2-ft-long Iow-dens,ty polyethylene lay-flat tube

closed at both ends and contalmng deiomzed water.

The sampler ts positmned at the target horizon by

attachment to a we,ghted line or fixed pipe.

14 User's Guide for Polyethylene-Based Passive Dfffuslon Bag Samp4ers to Obtain VolaUle Organic Compound
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The amount of time that the samplers should be

left in the well pnor to recovery depends on the time

required by the PDB sampler to equilibrate with

ambient water and the time required for environmental

disturbances caused by sampler deployment to return
to ambient cond_uons. The rate that water within the

PDB sampler equilibrates with ambient water depends

on multiple factors, Including the type of compound

being sampled and the water temperature. Concentra-

tions of benzene, ci_-1,2-dlchlorocthene, tetraehlo-

rethene, tnchlorocthene, toluene, naphthalene, 1,2-

dlbromoethane, and total xylenes within the PDB

samplers equihbrated with the concentrations in an

aqueous mixture of those compounds surrounding the

samplers under laboratory conditions within approxi-

mately 48 hours at 21 °C. A subsequent laboratory
study of nuxed VOCs at 10 °C showed that tetrachloro-

ethene and tnchloroethene were equilibrated by about

52 hours, but other compounds reqmred longer equlla-

bratlon Umes. Chlorocthane, cis-1,2-dtchloroethene,

trun 3- 1,2-dlchloroethene, and I, l-dlchloroethene were

not cqulhbrated at 52 hours, but appeared to be equlh-

brated by the next sampling point at 93 hours. Vinyl

chloride. 1,1,1 -trlchloroethanc. 1,2-dlchlorocthane, and

1, l-dichloroethane were not equthbrated at 93 hours

but were equilibrated by the next sampling point at 166

hours. Different equilibration times may exist for other

compounds. Differences in equdtbratlon hmes, 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, contaminant dlstnbutmn, and flow

dynamics to restabthze following sampler deployment.
Laboratory and field data suggest that 2 weeks of

equilibration probably IS adequate for many apphca-

lions. Therefore, a mlmmum equdibratmn time of

2 weeks is suggested. In less permeable formations,

longer equthbratlon times may be required When

deploying PDB samplers In waters colder than

previously tested (lO °C) or for compounds without

sufficient corroborating data, a s:de-by-slde compari-

son with convemlonal methodology IS advt_ble to

justify the field equilibration time.

Following the initial equthbratton period, the

samplers mmntaln equthbrtum concentrations with the

ambient water until recovery. Thus, there is no speci-

fied maximum time for sampler recovery after imtial

equilibration PDB samplers have routinely been lelt in

ground waters having concentrations ot greater than

500 ppm ofTCE fiir 3 months at a tmle with no loss of

bag integrity, and at one site, the PDB samplers were

left m place in VOC-contamlnated ground water for

1 year with no reported loss of sampler integrity.

The effects of long-term (greater than 1 month) PDB-

sampler deployment on sampler and sample integnty

have not yet been thoroughly tested for a broad range

of compounds and concentrations. In _lme environ-

ments, development of a blofilm on the polyethylene

may be a consequence of long-term deployment.

Investigations of semipermeable membrane devices

(SPMDs) have shown that the transfer of some

compounds across a heavily bmfouled polyethylene

membrane may be reduced, but not stopped. If a heavy

organic coating is observed on a PDB sampler, it is

advisable to determine the Integrity of the sample by

companng sampler results to a conventional sampling
method concentratmns before contmuing to use PDB

samplers for hmg-term deployment in that well

PDB methodology ts suitable for a broad variety

of VOCs, including chlorinated aliphatlc compounds

and petroleum hydrocarbons. The samplers, however,

are not suitable for inorganic ions and have a hmJted

apphcabdlty for non-VOCs and for some VOCs For

example, although methyl-tert-butyl ether and acetone

and most serruvolatde compounds are transmitted

through the polyethylene bag, laboratory tests have

shown that the resulting concentrations were lower

than In ambient water. The samplers should not be used

to sample for phthalates because of the potentml for the

LDPE to contribute phthalates to the water sample.

When attempting to determine whether the u_

of PDB samplers IS appropnate at a particular well, a

common approach is to do a side-by-side companson

with a conventional sampling method. "l'hls approach is

strongly suggested In wells having temporal concentra-

tion variability. In a well having relatively low tempo-

ral concentration vanabdtty, comparison of the PDB-

sampler results to hlstoncal concentrations may pro-

vide enough information to deterrmne whether the

PDB samplers are appropriate for the well. In general,

_f the two approaches produce concentrations that

agree within a range deemed acceptable by the local,

state, and Federal regulatory agenoes, then use of a

PDB sampler in that well will provide VOC concentra-
tions consistent with the historical record. If coneetura-

tmns from the PDB sampler are higher than concentra-

lion,, from the conventional method, then it is probable

that the concentrations from the PDB sampler are an

adequate representation of ambient condlhons If, how-

ever, the conventional method produces concentrations

Summary 15
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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 con&tions. In this case, the thfference may be due

to a variety of factors, including mixing or transloca-

uon due 1o hydrauhc and chemical heterogeneity of

the aquifer within the screened or open interval of the

well and the relative permeabdtty of the well screen.
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TECHNICAL MEMORANDUM CH21MHILL

Standard Operating Procedure for Soil Headspace Field

Screening Using an OVA/FID at Dunn Field

TO:

COPIES

U.S. Army Engineermg and Support Center, Huntsville

Memphis Depot Caretaker (MDC)

U S. Environmental Protection Agency (USEPA), Region 4

Tennes,see Department of Environment and Conservation (TDEC)

_. C112M HILL

OA'IX: May 5, 2000

This memorandum descnbes the use of the Organic Volatile Analyzer (OVA)/Flame Ionization

Detector (FID) headspace method for performing field sod screening.

Collecting Soil Samples

] Calibrate the FID per the manufacture's procedures.

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

3. Open the 5 hvot core sampler and extract the two 2.5-foot clear liners and cap each end of

the liner. Label the top and bottom of each liner with the assoqated depths and bonng ID.

4 Visually and physically characterize the soil core by collecting small samples from each end

of the liner remembering to only remove the end caps briefly. Determine ,f any abrupt

changes in sod Ilthology exists (i e sand to clay, gravelly sand to sandy clay).

5 if no change m soil lithology exists, the headspace sample should be collected (shp to # l 1)

where the two liners connect (center point of the 5-foot interval).

If one or more lithological changes occur, then pro__eed 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 hner apprnxtmately 4 inches above the marked sod change and separate the two

sections of the hner. (The area of concern ts the higher permeabihty sod immediately above

the lower permeabthty layer.)

9 Immediately place a cap on the cut end of liner sechon containing the area of concern and

the soil change. (Thts section of the liner could be sampled later for laboratory analysis.)

10. Use the end of the other sectton that was cut to collect sod for headspace readings.

11. Qlnck_l_ fill 2 quart sized sealable plastic bags at least 1/2 full with sod using a stainless

steel samphng spoon.
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12. Immediately seal the bags.

13. * For liners that contain sod lithology changes* Label the liner that contains the area of

concern with the appropriate ID.

14. Repeat steps 06 through #11 for each hthological change. For areas where multiple low

permeability layers are concentrated, only the soil above the upper layer will be conszdered

important.

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

16. Allow the soil m the bags to reach room temperatore or warmer [20°C (68oF) to 32°C (90°F)].

17. While the FID organic vapor analyzer is running, insert the OVA/FID probe through the

side of the hrst bag after the temperature has equilibrated (typically after 5 minutes).

18. Record the highest reading on the gauge; this ks the unfiltered concentration. If the

unfiltered measurement is non-detect, do not proceed to line 9. Record the reading m the

logbook as the total hydrocarbon measurement for that sample.

19. Attach an activated charcoal fl]ter onto the OVA/FID

20. While the FID organic vapor analyzer ks 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; thLs LSthe filtered concentration.

22. Subtract the filtered reading from the unfiltered reading for the total conected hydrocarbon

measurement.
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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 4

Tennessee Department of Environment and Conservation (TDEC)

CH2M tlILL

August 16, 2001

Standard Operating Procedure

Th_s memorandum describes the use of pre-weighed VOC vials for collection of discrete

sample aliquot to be analyzed for VOCs using EPA SW-846 Method 5035. Importantly,
using this method, two vials must be prepared for each sample subrmtted

Collecting Soil Samples

1. Place mtnle gloves on hands for protection and to prevent cross-contaminahon.

2 Open the package containing the pre-cut syringe sample-collechon device.

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

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

5. Insert the syringe into the soil.

6. Remove the synnge 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 vial.

9. Make sure that the prc_-,ervative in the via] mixes with the slug of soil by shaking, if

necessary.

10. Place vials into cooler with wet ice/or shipment.

C ".TEMP_ TOA ADDE NDLI4 S.4.011 D_ R_V.O H
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TECHNICAL MEMORANDUM CH21VIHILL

Standard Operating Procedure for Collecting Soil

Samples for Volatile Organic Compounds

TO:.

COPIES.

U.S Army Engmeermg and Support Center, Huntsvdle

Memphis Depot Caretaker (MDC)
U S Envtronmental Protection Agency (USEPA), Region 4

Tennessee Department of Environment and Conservation (TDEC)

rooM. CH2M HILL

OAnE May 5, 2000

Standard Operating Procedure

9,

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 be

analyzed for TCL volatile organics by SW-846 Method 8260B.

Collecting Soil Samples

1. Place latex gloves on hands for protection 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, .st, that the piston is unlocked and can move freely.

4 Place the core device into the T-handle.

5. Open the sod-core sampler (e.g, spht spoon) containing the sod core

6. Usmg a stamlc, ss steel spoon, scrape off the uuhal soil touching the soil-core sampler.

7. Push the EnCore core device into the soil core

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

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 is locked

11. I_abel and reseal in the original package

12. Place into cooler with wet ice for shipment.
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TECHNICAL MEMORANDUM CH2MHILL

Standard Operating Procedure for QED® Bladder

Pumps

PREPARED FOR:

PREPARED BY:

DATE:

Steve Offner/ATL

]ohannah Rogers

March 10, 2000

Advantages for using bladder pumps from the MicroPurge® Website on Well Wizard®

Bladder Pumps.

1. low-flow groundwater monitoring system with rates as low as 100 mL/mmute or less,

does not increase turbidity, and does not alter samples.

2.

3

EPA accepted for low-flow sampling.

Pneumahc 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

d to allow the pump to refill by submergence.

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

Standard Operating Procedure

"Ibis memorandum describes techniques u.sed for low-flow purging and intrinsic sampling

of groundwater momtoring wells. Low-flow purging techruque_ are used to reduce purge

volumes and sampling time It also allows for the coUechon of more representative held

parameters (for example, dLssolved oxygen and redox potential).

Low-flow purging techmques have the following advantages

• Avoids lowering the water table and sampling stahc water in well (pulls in

h)rmatlon water),

• reduces sampleaerahon, and

• reduces groundwater turbidity (important in the collection of total metals

samples).

PurgingProcedure
I. Measure depth to groundwater

2 Measure total depth of well

3. Calculate purge volume.

4. Place puanp retake approximately m the center of the screen interval that is submerged

for wells screened acros,, the water table. In fully submerged wells, place pump retake

A ILrp_dp PROCEDURE DOC t
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approximately 1 foot below the top of screen. Rather than lowering the pump to the

bottom of the well and pulhng 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 hoses for the air supply

7. Set the length of the on/off cycle for pressurizing and venting. This will control the

length of time that the pump dLscharges and refills the bladder. The length of the cycle LS

dependent on the rate of recharge of file well. It should be adjusted to prevent

drawdown of the well. Consult the pump manual for recomn_endations on cycle times

8 Increase the pressure on the air compressor

9. Install 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 les,_. The purging rate "should be carefully controlled and can be

measured using a graduated bucket A minnnum of three well vohtmes should be

purged prior to _mpling.

11 Consult the pump mamml for detailed instructions and recorranendations.

Stabilization Criteria

l Measure field paralneters (pH, conductivity, dissolved oxygen (DO), oxidation-

reduction potential (redox), turbidity [visual or turbidimeter], and temperature) using a

cahbrated YSI 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.

. Purge monitoring wells unhl field parameters have stabilized to within the ranges

presented below. Purging with the QEEXD Well Wizard® Bladder Pump should produce

representative formation water without increasing turbidity or altering the parameters.

Typmally, dL_solved oxygen will be elevated at the start of purging (for example, 7

mg/L), and should decrease as pumping proceeds Contaminated weLLs typzcally have a

low DO (less than 1 rag/L) and a negahve redox. If the DO begins to rise during

purging, it is an mdlcahon that arhficial aeration is occurring and the pumping rate
should be reduced.

4 If the water table begins to drop more than l foot, adjustthelengthoftheon/offcycle If

a well LSpurged dry, purging will be considered complete. A replacement well should

be selected for mtrin.,,ic samphng adjacent to the original well in the same zone of

contammahon (clean upgradaent, m contaminated plume, or downgradient).

5. Position the pump lower (approximately 2 to 3 feet) in wells that have historically low

recharge rates Slowing the pumping rate down to match the recharge rate may help

avotd pumping a well dry.
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Field Parameter/General Order of Stabilization: Stabilization Criteria :

1. p14 + 0.1

2 Temperature + 10%

3 Conduchvity + 3%

4 Redox potential + 10 mV

5. DO and turbidity + 10%

SampleCollection

l Collect groundwater samples following stabihzation directly out of the pump dmcharge.

2 Sample collection order is based on the approximate order of susceptibility to artificial

aeration and should be consmtent between all wells .sampled: volatile orgamcs (benzene,

toluene, ethylbenzene, and xylenes [BTEX] and trimethyl hertzene [TMB]), carbon

dioxide [CO2], total organic carbon (TOC), methane [CFLt], suItide [SO3], alkahnity,

sulfate [SO d, nitrate [NO3], extractable lead [Pb], and ferrous iron (filtered). Note that

mtrate has a 48 hour holding time.

3. Use an m-hne filter to field filter dissolved metals (ferrous iron). I[ total metals

(extractable lead) samples are turbid (silty), delay sample collection for approximately 3

to 4 hours, at wfuch time a bailer can carefully be lowered into the uppermost [x)rlion of

the water column (m wells screened across the water table) to collect the sample.

A_IMP _DUI_ _ 3
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TECHNICAL MEMORANDUM CH21VlHILL

Standard Operating Procedure for Sudan IV Dye

Testing

TO"

COPtES.

FROM

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)

U.S. Environmental Protechon Agency (USEPA), Region 4

Tennes._u:,e Department of Environment and Conservation (TDEC)
CH2M HILL

OATE May 5, 2000

Standard Operating Procedure

This memorandum describes the use of Sudan IV dye as a preliminary screening technique

used for detecting the presence ol DNAPL in groundwater and soil samples. Sudan IV is a

hydrophob]c dye which turns bright red m the presence of DNAPL.

Testing Soil Samples

1. Collect soil samples from the soil core extracted by the sampler.

2. Place an aliquot of soft 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 soft.

4. Manually disperse the soft in the lar to mtmmtze clumping.

5. Fdl 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 a

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 Lsan irritant and possible mutagen with which skin

or eye contact should be avoided. Gloves should always be worn when handling the Sudan IV dw.l

7. After the dye has been added, seal the container and shake the soft/distilled water/dye

mixture for approximately 30 seconds.

8. Note the presence or absence of bright red staining indicative of DNAPL in the logbook I_s

there a presence of bright red staming? if y_es_ this indicates the presence of DNAPL in the

sample.

Testing Groundwater Samples

I. DO NOT purge momtoring well prior to sample collechon.

2. Collect groundwater samples Irom the bottom o[ each monitoring well using a bottom
fdling, 3 foot disposable Teflon bailer.
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3. Pour an aliquot of the liquid 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 milligrams - an amount that would rest on the edge of a

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 zrmtant and possible mutagen with which skin

or eye contact should be avoided Gloves should always be worn when handling the Sudan IV dve.]

5. After the dye has b_'n added, ._al the container and shake the groundwater/dye mixture

for approximately 30 seconds.

. Note the presence or absence of bright red staining indicative of DNAPL in the logbook. Is

there a p_resence of bright red staining_ If yes, this indicates the presence of DNAPL in the

sample.

2
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Executive Summary

Introduction

In October 1992, the Defense Depot Memphis, Tennessee ('DDMT), was placed on the

National Priorities List (/qPL) by the U.S. Environmental Protection Agency (EPA).

Therefore, DDMT must fulfill requirements under the Comprehensive F_nvironmental

Response, Compensation, and Liability Act (CERCLA) and National Contingency Plan.

A remedial investigation/feasibility study fRI/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 RI/FS Work Plan was

prepared to show how the investigation and study would be accomplished. This Quality

Assurance Project Plan (QAPP) was prepared as a supplement to the Generic RI/FS Work

Plan to describe the general sampling, laboratory, monitoring well installation, soil

boring installation, and quality assurance/quality control (QA/QC) procedures that will be

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, electronic
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,

Off-2; the southeastern lakes and golf course area, OU-3; and the north-central area,

OU-4. Substances found in OO-I 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 ha,:_rdoes

material storage and repouring area, sandblasting and painting activities, or both. Storage

of polychlorinated biphenyls (PCBs) and the use of pesticides and herbicides are potential

sources of contamination for 00-3. Principal contamination in OU-4 probably resulted

from a wood treatment operation and harardous material storage.

m_,,_s-ot_rr-wv',0_3 w_ ii 9nJ95



705 401

Description of QAPP

This QAPP was prepared as a supplement to the Generic RI/FS Work Plan to provide

q, mlity assurance and quality control requirements for sampling activities, and other types

of field analyses and tests that generate data as part of the activities performed during the

RI/FS process at DDMT. "Ille goal of this plan is to provide data of known quality to the

projecl te_tn to support the project decision-waking process. The requirements of this

plan apply to the primary contractor, as well as to subcontractors.

This plan addresses the following:

• QA/QC objectives for the project

• Discussion of the QC levels and applicability of each

• Specific QA/QC procedures 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 fLxed-

base analytical laboratories) will be covered by the Laboratory Comprehensive Quality
Assurance Manual.

mgm9J -DDMT-WP2/013 Wl_ iii 9/7/95
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1.0 Objectives of the Quality Assurance Project Plan

The purpose of this Defense Depot Memphis, Tennessee (DDMT) Generic Quality

Assurance Project Plan (QAPP) is to describe the general sampling, laboratory,

monitoring well installation, soil boring installation, and quality assurance/quality control

(QA/QC) procedures that will be used during the Remedial Investigation/Fea_ibifity Study

(RIJFS) 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 careful 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 current RI/FS guidance (ref. 21), the

Data Quality Objectives for Remedial Response Activities (tel 26), the Gu/de//nes and

Specifications for Preparing Quality Assurance Plans (ref. 27), and EPA Region IV,

Environmental Compliance Branch Standard Operating Procedures and Quality Assurance

Manual (ECBSOPQAM) (tel 31) to address aspects of the field investigations to be

conducted as a part of the site characterization activities that are common to all operable

units (OUs) at DDMT. References used for QAPP development are provided as

Appendix A.

1.1 Project Objectives

The overall objectives of the RI/FS are 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 implenmntable

remedies that mitigate threats and provide protection for public health and the

environment. During the RI, the data and data collection processes will be evaluated to

monitor the support of the RI/FS objectives. That is, the data must be of sufficient

quality and quantity that the distribution and migration of contaminants can be determined

to satisfy the objectives of the RI. The data and conclusions drawn during tim RI.must

support the screening and in-depth analyses of the remedial alternatives to be evaluated

during the FS. To accomplish these tasks, confidence in field sampling procedures; data

collection, analysis, management, and validation procedures; and QA activiti_ are vitally

important. Because these items are so important to the remedial decision-making

process, a carefully considered approach to detailed QA procedures is necessary for

Success.

To characterize the sites and potential releases, DDMT will implement an extensive field

sampling effort to identify and delineate the contaminants (in the groundwater, soil,
surface water, and sediments) that may have resulted from past practices at sites where
ba,ardous or toxic wastes were managed or disposed. A laboratory that has been

validated by the Corps of Engineers' Missouri River Divismn (CEMRD) and that is a
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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 Environment
and Conservation O'DEC)-designated 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 contaminants
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 include

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 the site is located.

1.3 Site Characterization Activities

Field investigations will be conducted under the guidance of this QAPP, the Health and

Safety Plan (HASP), and the OU-specific FSPs, as well as any addendum that may be

required for these plans. Proposed sample locations are identified in the FSPs and in site

maps prepared for the particular OO to be investigated. Data management, field
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sampling, and field and laboratory QAJQC activities will be conducted in accordance with
the procedures outlined in the QAPP. The following field activities will be 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

hydrogeologist, 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 be

onsite 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 wdl be provided upon selection of a contractor.

2.2 Key Personnel Qualifications and Responsibilities

2.2.1 Contractor Work Group

The personnel selected for the RI/FS will have the necessary qualifications to complete

this complex project. Additional information will be provided later concerning specific

quahficatlons

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 cardiopulmonary resuscitation (CPR), and a minimum of 3 days actual field

experience under the threct supervision of a trained experienced supervisor. The

personnel positions and responsibilities 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 financial reporting, provide the COE with progress and

financial reports, review all deliverables, and provide day-to-day coordinating with the
COE.

Project manager (PM)-Responsible for overall activities for a specific project. The

PM is responsible for cost and schedule control and for technical quality; in addition, be
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or she will develop the work plan and monitor task order activities to ensure compliance

with project objeetives 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

are technically adequate, satisfactory to the client, and cost-effective. To accomplish

this, the PM assists the review team leader (RTL) in developing an internal project

review schedule, provides written instructions and frequent guidance to the project team,

and monitors budgets and schedules.

Review Team Leader-The RTL is generally a technical resource with experience in the

various technical aspects involved in a complex project. The RTL coordinates internal

QA/QC review for technical validity and adherence to both internal CH2M HILL policy

and project-spocific criteria. The RTL assists the PM in selecting an internal QA/QC
revmw team and in coordinating review efforts, and works with the project team in

addressing review comments and adjudicating technical disagreements.

Lead Hydrogeologist-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 selectaon of

methodology, field procedures, and review of data analysis and reporting. He/she will be

present at major meetings on decision points. The lead hydrogonlogist 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 scoping

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 guidance and coordination to rapidly resolve any QA/QC

problems
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Independent review of QA/QC ini_ommfion to evaluate the quality of all

defiverables or outputs from the project team

Interaction and communication with COE QA personnel to resolve QAJQC

problems specific to the project

Lead Risk Assessor-The lead 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.

l_ad Data Manager-Responsible for the stlucture, organization, format,

implementation, and operation of the project database. The lead data manager supervise,s

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

seating 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 using the database.

• Preparing the electronic deliverables 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.

Field Team Leader (FrL)-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 materials. The PTL will

supervise completion of all chain-of-custody records, supervise the proper handling and
shipping of samples, and be responsible for accurate completion of the field notebook.

As the lead field representative, the FTL will be responsible for consistently

implementing program QAJQC 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 operation

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 team members, verification of

sample integrity, and transfer of sample fractions to the appropriate

analytical 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 team during the data q_tality

evaluation process

2.3 Project Communication

One of the most critical elements in performing the RI/FS is to establish and maintain

lines of communication among all project personnel. Some work groups will meet at

least weekly to review the status of file project and to discuss technical and safety issues.

When necessary, other meetings will be scheduled or the l-"fL will meet individually with

field personnel or the subcontractors to resolve problems. The P'IL will prepare a

weekly report detailing project progress.

The FFL will be in regular telephone contact with the all work groups. When significant

problems or decisions requiring additional authority occur, the FTL can immediately

contact the PM or project hydrogeologist 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 basis 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 Engineers,

Huntsville Division (CEHND) project manager. The contractor will prepare monthly

progress reports and submit telephone conversation records to the COE throughout the

contract period.
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3.0 Data Quality and Quality Assurance Objectives

for Sampling

3.1 Introduction

This section presents the data quality objectives (DQOs) and QA objectives for the RI/FS

sampling activities. DQOs are quantitative and qualitative statemeats that specify the

quality of the data required to support decisions during the remedial response activities.

They are based on the end uses of the data to be collected. The basis on which these

objectives were established are discussed in the following sections. The criteria for

evaluating data quality, precision, accuracy, representativeness, comparability, and

completeness are presented in this section, along with the mechanisms that will be used to

determine if they are met.

3.2 Establishing Data Quality Objectives

Objectives for data quality rcflect 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 Characterization-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

usod 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 soft, 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

enginccring 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 sufficieat quality to support the decision-making process. A tiexed

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 potential
contamination using Level 2 data quality; then 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 p_ of target compounds at each

site and to accomplish quantitation.

Four categories of data will be collected as part of this field effort, with each category

having a different level of supporting QA/QC documentation. The four categories, or

levels, correspond to QC levels 1, 2, 3, and 4. Level 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 defensible data, if needed. For each QC

level, the potential measures and methods to be used, as well as the applicable data

package deliverables, are outlined below. For each site, the use and applicability for
each of the available measures and methods will be evaluated and appropriate measures

and methods selected. For example, the pH and conductivity of groundwatex samples

from all the screening sites will be measured; however, only soil samples from selected

sites will be tested for VOCs.

3.2.2.1 Level l-Field 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 immunoa_my field methods for classes of

compounds such as polycyclie aromatic hydrocarbons (PAils) or polychlorinated biphenyl

(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 genexal 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 be

used to identify potential source.s of contamination and may be used to estimate

approximate areas for vertical and horizontal extent of contamination. Immunoassay
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. Immunoassay screeaing tests consist

of four steps:

Smnaple Extraction--An aliquot of soil is weighed and extracted with
methanol.

Dilution of Sample and Standard-The sample extract is diluted to the

required detection level.

Immunoassay-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 results are compared to the
standard results. This comparison provides an accurate semi-quantitative

measurement of the specific contaminant of interest.

lmmunoassay kits that will be used in the field for Level 1 screeaing include PCBs,

PAHs, total petroleum fuel contamination, pentachloropbenol (PCP), and dioxins

(2,3,7,8-Tctraehlorodibenzo-p-dioxin [TCDD]). Each of the immunoa_,:ay kits is

described briefly below:

PCBs-Recognizes all commercial Aroclors; 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 Limits for Arodors in Soil

Defense Depot Memphis,

Arodor

1260

1254

1248

1242

1232

1016

Tennessee

mg/kg in soil

0.4

0.4

1.0

2.0

4.0

4.0

Total Petroleum Fuel Contamination-This immunoassay responds to a

selected subset of the chemical components in fuels, primarily aromatic and

aliphatic compounds with fcwer 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 Limits for Various Fuels Using the Total Petrole_,m Fuel

Contamination Screening Test

Defense Depot Memphis, Tennessee

Fuel Reporting limit in mg/kg

Gasoline 10

Diesel fuel, #2 15

Jet A fuel i 5

Jet fuel, JP-4 15

Kerosene 15

Fuel oil, #2 15

PAils-This test is used to screen for 3- and 6-ring PAHs, which are

indicative of petroleum contamination. The overall detection limit is 1

mg/kg.

PCP-This test recognizes pentachloropheaol 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 reporting 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 sent 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 (standards used and results)

Datc and time of calibration and sample measurement

Sample results

The logbooks will be reviewed by the FTL daily for completeness and correctness. No

addttional documentation or data quality evaluation is required.
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3.2.2.2 Level 2-Screening Data

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. Level 2 data

diffcr from Level 1 data in that Level 1 is used to measure "bulk" characteristics of a

sample, while Level 2 analyses arc used to estimate the concentrations of selected

individual compounds.

Level 2 dam 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 2

data quality will be evaluated as outlined in S_tion 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

diffcrence betwcon Level 2 and Level 3 will be the frequency and target acceptance

windows for laboratory QA/QC 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

broadcr acceptance limits than with Level 3. For example, for VOCs or SVOCs by

GC/MS, for Level 2 an instrument 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 requiremcnts is provided as Appendix B.

Formal data package deliverables are not required for this level of data quality; howcvcr,

all instrnment calibration and sample analysis activities must be documented and this

information retained by the laboratory. Data package deliverables may require

summaries of laboratory performance information (such as calibration), but the laboratory

must maintain all the corresponding documentation for at least7 years. Data package

dcliverables will include instrument calibration, sample, methud 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 cont_Lin

concentrations near the action levels. Approximately 10 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 providc 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 EPA-approved methods from SW-846, Test Methods

for Evalualing Solid Waste or ]SPA CLP methods will be used to analy7.e samples for
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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 7-1).

Therefore, during the data quality evaluation process, it is possible to evaluate the effect

of the overall analytical process on the usability of the d_t_; however, it is not possible to

recreate the details of the analytical process or sample calculations.

TCLs 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 usage way of referring to the CLP SOWs lists for organic and inorganic

compounds. For this project, "TCI./TAL" refers to VOCs, SVOCs, pesticides, PCBs,
metals, and cyanide, but does not refer to dioxins. For TCL/TAL 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 belween the levels is

in the data package deliverables. Level 3 deliverables 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 uareduced,

experimental data. Therefore, it is possible for Level 4 datato completely 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 diffezent data package deliverables are provided, 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 adhere, ace to sampling

procedures, records any difficulty encountered, and documents other

information pettineat to the investigation.

To the extent feasible during sampling episodes, sampling activities in each

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 specified 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 required, the sample will be

homogenized in stainless steel bowls. All sampling equipment will be

decontaminated in accordance with the procedures outlined later in this

plan.

• Samples collected for VOC analysis will 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. A

daily field log will be completed by the I_'i'L. 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
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necessary. The field notebook(s) must provide a place for the field team members to sign
and date the entries. The t'-I L must review all field notes.

4.2 Sample Blanks and Field 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

(rinsate) blanks, and field blanks-along with field duplicates and split samples, are

discussed below.

4.2.1 Trip Blanks

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 H water; the

sample bottles are then sent to the sampling location with sampling kits. The specified

number of trip blanks are returned 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 samples are processed by rinsing decontaminated

sampling equipment with ASTM Type 11 water obtained from the laboratory. The rinse

water is collected in sample bottles, preserved, and handled in the same manner as the

samples. Sprit equipment blank samples of the rinsate will be sent to th_ COE QA

laboratory. Equipment blanks will be collected once a day for the equipment used during

sampling procedures.

4.2.3 Field Blanks

Field blanks are samples of source water used for decontamination and are used to

monitor the potential for contamination from the source water. Field blanks will be
collected once a week from each water source.

4.2.4 Field Duplicates

Field duplicate samples are collected to measu_ the precision of the sampling process.

The P-I'L will choose at least 10 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. Sprit samples will be

submitted to the conU'aetor's laboratory as QC samples and to the COE and EPAfFDEC
Laboratories as QA samples. Sprit samples will be collected from 5 percent of the

samples collected at DDMT for the purpose of a quality control check by the Corps of
Engineers' laboratory in Missouri. Also, TDEC reserves the right to collect sprit

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) _4_A304. The samples will be seat to the following address:

COE Laboratory
Missouri River Division

420 South 18th Street

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

collectod 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 necessary.

4.3 Field Documentation

Bound field log books will be maintained by the FIL and other team members to provide

a daily record of significant events, observations, and measurements during sampling

events. All entries will be signed and dated. All information pertinent to sampling will

be recorded in bound log books. Entries in the log book must include at least the

following:

Name and rifle of author, date and rime of entry, and weather/

environmental conditions during field activity

• Location of sampling activity
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• Name and 6tle of field crew

• Name and tide of any site visitors

• Sample media (for example, groundwater)

• Sample collection method

• Number and volume of sample(s) taken

• 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 as pH, temperature, and conductivity

• All sample documents such as:

Bottle lot numbers

Dates and method of sample shipments
COC forms

• Sample handling (p_eservation)

All original data recorded in field log books, sample labels, and COC forms will be

written with waterproof, black, indelible ink. None of these accountable, serialized

documents arc to be destroyed or thrown away, even if one is illegible or contains

inaccuracies requiring document replacement. If an cxror is made on an accountable

document assigned to one individual, that individual should make all corrections simply

by crossing a line through the error, initialing and dating the correction, and entering the
correct information. The erroneous information should not be obliterated. Any

subsequent error discovered on an accountable document should be corrected by the

person who made the entry. All subsequent corrections will be initialed and dated.

4.4 Sample Numbering and Containers

The FTL is responstble for proper sampling, labeling of samples, preservation, and

shipment of samples to the laboratory to meet required holding times. Table 4-1
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Table 4-1

Required Samide C.ontaine_, Pmmr'_fioa, and Holding Times

Dd'e_e Depot Memph_ Temmemee

Sample
Analyses Matrix* Coataiaeft Quantity Preservative** Holding Time

Volatile Organic Compounds W 40-mL VOA 3 Cool 4"C, 14 days

(SW8240) vialstt HCI, pH <2

S 4-oz Glass I Cool 4"C 14 days

Scmivolatile Organic Compounds W I-L amber ghtf.s 2 Cool 4"C 7140 days***

Pe_tachloropbenol S I-L amber glass 2 Cool 4°C 7/40 days

(8151)

BNAs (8270/3520) S 4-oz Glass 1 Cool 40C 40 days

PAHs (8310/3520) W I-L amber glass 2 Cool 4"C 7/40 days***

Pesticides/PCBs (8080/3520) W I-L amber glass 2 Cool 4"C 7/40 days***

S 4-oz Gltss I Cool 4"C 40 days

Organope.._cides (8150/3520) W I-L amber ghtss 2 Cool 4"C 7/40 days***

Thaodyglycol CU 109) W 40-mL vi_lstt 2 Cool 40C 40 days

(LL09) S 8-oz Glass 1 Cool 4"C 7/40 days***

Metals (Total) (6010, 7000) W I-L polyeJJ3yle_e 1 Cool 4"C, 6 months
HNO 3, pH <2

S 8-oz Gleas I Cool 4"C 6 mo_ths

Metals (Dissolved) (6010, 7000) W I-L polyethylene I Cool 4"C, 6 mouths
IINO_, pll <2

Mercury (7470) W I-L polyethylene 1 Cool 4"C, 28 days

I-INO 3. ptl <2

S 8-oz Glas_ I Cool 4"C 28 days

Chromium VI (7196) W I-L polyethyleae 1 Cool 4"C, 24 hours
HNO_, plt <2

S 4_z Glass 1 Cool 4"C 24 hours

Total Dissolved Solids (160.1) W I-L polyethyleoe i Cool 4"C 7 days

*Sample matrix: S = Sudace sod, subsurface soil, r,edimeat;

W = Gro_tndwate_x, surface wate_r

tGla.._ contame_ will be sealed with Tct]on°-Iined screw

**All samples will be stored promptly at 4"C in insulated chest.

ttVOC vials wdl be _ed with Tefloe't-septa secun_ screw caps.

***Extraction" 7 days for water, 40 days for analysis.

Source: RI Report, 1990
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identifies the proper 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 particular location and to monitor that

each sample is uniquely numbered. The Pq]., will maintain a list of sample numbers.

4.6 Sample Chain-of-Custody

Sample custody and documentation procedures d_bed in this section will be followed

throughout all sample collection at DDMT. Components of sample custody procedures
include the usc of field log books, sample labels, custody seals, and COC forms.

Examples of these are present in Figures 4-1 and 4-2. Each person involved with sample

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 plastic cover and taped to the inside

of the shipping containers used for sample transport from the field to the laboratory.

This record will bc 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 used 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 fu-mly on the sample

container (see Figure 4-1).

• All sample-related information will be reorder in the project log book.

• The field sampler will retain 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 FI'L (or a designee) will contact the appropriate laboratorydaily to

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 breakage 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 transferring the samples for shipment:

Samples are accompanied by a COC form. When transferring 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 I"TL.

4.8 Laboratory Sample Custody

The FTL 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

expected 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 de.signate 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.
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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 FTL as part of the corrective action process. A

qualitative assessment of each sample container is perfommd 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 necessary, until analyses are to begin.

Samples are accompanied by a COC form. When transferring the

potion 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.

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 derived 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 a

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 treatment 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 drums. 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) storagearea

pending the results of the chemical analysis (toxicity characteristic leaching procedure

[TCLP]), which will determine the disposition of the contents (if they are determined to

be haTardous or nonhaTardous by the toxicity characteristic).

4.9.2.1 Soil Waste

Analytical sample results from the investigation will be reviewed to evaluate whcthea any

of the soil waste might cxcccd TCLP criteria. Upon completion of the data evaluation, a

letter report will be submitted to DDMT detailing the drums that contain cuttings that arc

nonbaTardous and may bo disposex:l of onsitc as fill. The sample from each drum will be

collected using a stainless steel scoop and will be obtained immediately below the surface

material in each drum. No attempt will bc made to obtain depth-integrated samples from

within the drums because of the homogenization expected during filling of the drums.

Analysis of these samples will be at DQO analytical Level 3. Upon completion of

laboratory analysis, a report will be submitted to DDMT de_iliag those drums containing

cuttings that the should bc considered ba,ardous waste (HW). The report will identify

options for trcamumt and disposal of the HW in accordance with applicable federal and

State of Tennessee regulations. The contents of the drums will be identified with a

composite representative analytical sample. Of particular concern arc cuttings with

metals (primarily arsenic, chromium, and lcad) contamination. The RI Report (ref. 7)
reported 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 were

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 Classification and Disposal of Soil Waste

If the analysis of a soil sample indicates that organic compounds or metals exceed 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 roquirements through the Defenso RcutiliTatiofl and Marketing Office (DRMO)

at DDMT. Drums containing cuttings that were recommended to be considered

nonhaTardous 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 wastcs are generally classified as nonbaTardous wastes

(ref. 31) and will be disposed in dumpsters at DDMT. This procedure is in accordancc
with Ref. 31.
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5.0 Field Procedures

5.1 Groundwater

Groundwater sampling efforts will be conducted to idendfy and evaluate contaminants in

the groundwater beneath and around DDMT. 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. Table 4-1 provides minimum laboratory QC sample requirements,

including container type, container quantities, 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 collecttxl for chemical analysis from both existing and

newly constructed monitoring wells at DDMT. Collection and analysis of groundwater

samples are planned for se,h_.Aed 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 Elvis Prcsley Boulevard. In

the event that recent groundwater data are not available from MLGW, 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 several 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

whcther 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 groundwater samples from each

location will be provided in the OU-specific FSP. Additional samples to be analyzed will

include equipment blanks, field duplicates, 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 construct a groundwater potentiometric 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
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significant barometric variations did occur (readings greater 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 cloth will 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 elapsed 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 allowed to recharge to at least 80 percent of

initial well volume before sampling. If excessive time (greater than I0 hours) is required

for the slow recharging wells to recharge to 80 percent, it will be documented by the

FTL in the field log. To monitor that data is consistent, all wells 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 procedures described previously. Precleaned bailers will be

wrapped in aluminum foil for transportation to DDMT. 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 Practical

Guide for Ground Water Sampling (ref. 1) and the EPA Region IV ECBSOPQAM

(ref. 31). In accordance with EPA's Environmental Services Division guidelines," care

will be taken to avoid aeration of the sample. The sample will be poured in a slow,

steady stream from the bailer to the prepared sample containers. The process will be

repeated as necessary to fill each container to the required volume. Field measurements
of pH, specific conductance, 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 pouting the sample from the bailer into

a glass _beaker.

Samples to be analyzed for VOCs will be collected 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

mlgm95 DDMT-WP2/OI3 _ 5-2 9/7/95



705 439

accordance with the guidelines in Table 4-1. Trip blanks will be included with each

container holding samples to be analyzed for VOCs. 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 iduntify 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 quantities, preservatives, holding times, SW-846 Methods, and extraction and

preparation methods for each parameter are provided in Table 4-1. This section of the

QAPP identifies the general requirements and pu_ 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 bowl 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 Ix: collected for chemical analyses from
both soil and monitoring well borings installed for this study. Samples will generally be

selected 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 releases of hazardous substances to the environment from waste disposal sites
on DDMT, as well as the vertical and horirontal extent of such contamination in the

subsurface soils; to evaluate soil lithology and subsurface stratigraphy; and to help

characterize the potential hydraulic interconnection 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-specific 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 soil samples will be collected-vertical (shallow) soil borings,

vertical (deep) soil borings. The specific number of samples 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 analyzer/photoionization detector (OVA/PID) field screening. Soil samples

will be stored in airtight containers and shipped daily to the laboratory for analysis.

Geotechnical sample collection and analyses are discussed in Section 5.4. The general

analyses include grain size, moisture content, and Attedw.rg limits. Grain size analysis

will be performed on the aquifer material. Atterbergs will be performed on the free 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 evaluate 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 field geologist. This decision will be documented in the field log.

5.3 Surface Water and Sediment Samples

Surface water samples will be collected and analyzed to determine whether storm waters

are contributing to the degradation of the Golf Course Pond and ! ake. Danielson and to

determine if sites at DDMT are affecting the quality of storm watex 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 water

samples to the extent possible. Collecting sediment and surface water samples from the

same location will be easily accomplished at l_ke 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 taken from various locations around DDMT and will be used to

further define sites previously identified in the RI Report (rcf. 7) and the RFA (ref. 25)

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 are identified in the OU-specific FSPs, which are 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_ke Danielson and from the Golf Course Pond. If so, they will

be collected from the estimated deepest point of the lake or pond and, with the exception

of the volatile sample, will consist of single vertical composite (depth integrated)

samples. The vertical composite samples will be taken using a decontaminated stainless
steel Kemmerex sampler or bailer. The physical water quality parameters of specific

conductivity, temperature, 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 containers

immediately if a bailer or Kemmerer sampler is being used. An aliquot will be placed in

each container from each 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 preservatives are required in the sampling

bottle. Samples requiring preservatives will be collected in a spare bottle that has beca

rinsed twice in the water to be sampled. The sample collected will then be transferred to

the appropriate container. Sediment samples will be collected at the location of all

surface water samples unless the sample is obtained from a conercte-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 using 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 exercised when collecting

sediment samples. The depth of sampling will be limited to zero to 12 inches for surface

sediments. Smaller intervals may be used to limit sampling to sediments ratherthan

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 are to 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 Pe,'aikitting and Design of Monitoring Wells

The design and construction of monitoring wells will follow (as closely as practical) the

design criteria presented in the llandbook of Suggested Practices for the Design and

Installation of Groundwater Momtofing Wells (ref. 37) and EPA Region 1V ECBSOPQAM
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(ref. 31). Diagrams of typical well construction details are shown in Figures 5-1 and

5-2. Drilling and field personnel will have all applicable state and local certification

required for dnlling. DDMT will be responsible for obtaining the required entry permits

for offsite locations. Additionally, Figures 5-3 and 5-4 show the construction details 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 contractor will provide all drilling equipment, materials, and personnel

required to install the monitoring wells and soil borings. A qualified geologist or

gcoteohnical 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 RI/FS, 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 left in overnight. In such an instance,

water or an additive may be necessary to keep the hole open. If water is required during

drilling or well installation, only non-chlorinated 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 the CEHND Contracting Officer before use. Grease or

oil on drill rod joints willnot be permitted; neither will dispersing agents such as

phosphates or acids. Toxic and contaminating substances will be prohibited during any

part of the drilling, well installation, or well development activities. No aO.empt 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 borehole and installing a monitoring well.

When material is removed from the confining unit for confirmation or laboratory testing

from a soil boring, the base of the borchole will be backfilled 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 described 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 encountered during previous drilling operations at DDMT. If 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-diameter bercholc to facilitate installation of 2-inch inside

diameter (ID) casing and screens for the Fluvial Aquifer monitoring wells. If soil

borings and monitoring wells are to be iusudled in the Memphis Sand Aquifer, a larger

diameter boring will be drilled for installation of the isolation casing. The drill rig will

have the capability to collect split-spoon samples according to ASTM procedures. At a

minimum, the rig will be equipped with a cathead-operated, 140-ponnd hammer with a
30-inch draw.

llollow Stem Auger Technique. When a boring is advanced using HSA, the following

protocol will be followed to install the well casing and screen in the shallow wells:

Install the 2-inch screen and riser through the IISAs 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.

ConUnue installing sand pack until it reaches at least 2 ft 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 tlSAs from boring.

Grout boring annulus to within 2 fi 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 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 Technique. 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 ft above the well screen.

• Install a minimum 2-foot pure bentonite seal with at least 20 percent solids.

• Grout boring annulus to within 2 ft 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 66inch concrete pad with protective posts 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 ft

above the ground surface. Centralizers may be neccs-_ry to center the pipe in
the borehole.

• 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 fi above the top of the well screen.

• Install minimum 2-foo_ bentonite seal.

• Grout boring annulus to within 2 ft of ground surface using a tromie 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 install the well casing, screen, and cover for the
shallow wells:

At the termination depth of the boring, the inner drill pipe and core bar_l

containing the soil sample (typically up to 10 fl in length) are removed.

Install the 2-inch monitoring well easing and screen through the outer drill pipe

(usually 6- or 8-inch ID) using enough easing (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 easing can be vibrated to minimize the

potential for bridging of the sand in the annulus. Water in small 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 casing

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 zl 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 annular space.

Install a locking steel security cover within a 3-foot by 3-foot by 6-irtch

concrete pad. A minimum of three high-visibility steel protective pests will be

installed around the concrete pad if the well is in a high-traffic 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.g.I of EPA's

ECBSOPQAM (ref. 31).
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5.4.2.5 Well Design

Well Riser and Screen. The OU-specifie FSP will dictate the requirements for each

specific proposed monitoring well. In general, the risers and screens used in well
construction will be made of polyvinyl chloride (PVC) (meeting National Sanitation

Foundation [NSF] Standard 14). PVC is preferred to stainless steel where possible

because all of the e.xisting monitoring wells at DDMT have PVC screens and risers. To

have comparable results, wells that will be installed should be constructed with similar

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 sample and data quality will not be adversely affected by using

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 materials 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

construction material in the area of DNAPL concentration.

Riser. Wells installed in the Fluvial Aquifer will be constructed of new threaded, flush

joint, PVC pipe with a nominal 2-inch diameter. Well risers will 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 diameter and will
conform to NSF Standard 14.

Screen. The well screens will be a minimum of 10 ft long and will be constructed of

ink- and pnnting-frc_ 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 size for the samples from the Fluvial Aquifer

ranged from 0.0075 to 0.11 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 well installations.

This screen and filler pack combination will minimize the sediment entering the well,

while allowing adequate flow for rapid purging and sampling of the monitor wells. To
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confirm the compatibility between the scvven 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. TIc 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 screea

length is 10 feel The placement of well screens near the base of the Fluvial Aquifer is

consistent with the nature of the contanfinants of concern. Floating constituen_ have not

been encountered and are not expected during this project. The potential contandnants of

concern include solvents such as 1,1,2,2-Tetraeldoroethane; 1,1,2-Trichloroethane;

1, l-Dichloroethene; carbon tctrachloride; and trichloroethene, as well as metals such as

arsenic, barium, lead, chromium, and nickel. None of these substances occur or are

expected to occur as a floating product or dense layers within the aquifer.

Joining Screen aud Riser. Screen and riser sections will bc joined by threaded, flush-

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 construction of the wells. Tic
bottom of the dee43estscreen or casing section will be sealed with a threaded cap or plug
of inert, non-corroding material similar in composition to the screen.

Well Plumbness 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. Centralizers will be used

where necessary to calculate plumbness and alignment of the wells (generally for wells
that cxceed 80 ft in depth). It can bc assumed that centralizers 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.

Filter Pack. Silica sand will be used as the filter pack material. Only clean, inert silica

sand of 20/40 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 retx)rted 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 prcvent migration of fines into the screen. The existing

wells arc constructed of similar-sized material. The ftlter pack will be placed by tremie

pipe from the base of the boring to approximately 2 R above the well screca. 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-foot bentonite pellet seal will be placed into

the annular space between the riser and the boring wall at the top of the fdter pack. The
bentonite will be trcmied 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 the field with clear water in

aecordance with manufacturer's specifications. The upper 2 feet of the annulus will be

filled with cement grout, as shown in Figures 5-1 and 5-2.

Soil Sampling for Geoteehnical AnalysiS. During drilling, soil samples will be

collected and gentechnical analysis will be performed as outlined below:

Soil samples will be taken continuously for the first 10 ft, and then at 5-foot
intervals thereafter.

Sampling will be done with a split-spoon sampler (ASTM-D 1586-67) or thin

wall sampler (ASTM-D 1587-74) using standard sampling techniques.

Samples will be stored in labeled, air-tight plastic or glass containers until such

time as they are needed for tesfng or the contract is complete.

All soil samples will be visually classified by the Unified Soil Classification

System. The field classification will be verified by laboratory analyses

consisting of the following:

Shelby tube samples will be collected from specific wells and borings
identified in the OU-specific FSPs. These samples will be collected and

tested using Standard Triaxial Permeability methods developed by the COE

(Engineering Manual 1110-2-1906, 1986) (reL 39) to determine if the

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 the boring logs.

Protection of Well and Surface Completion. Precautions will be taken 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 equipgnxl 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-

_uare, 4-inch-thick concrete pad will be constructed around the protective casing at
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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 around 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 permanently 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 casings and steel posts will be primed and painted with two coats of

traffic yellow 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 gentcchnical 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 stratum

Identification of the material of which each stratum is composed according to

the Unified Soil Classification System, or standard nomenclature, as necessary

Depth interval from which each formation sample was taken, 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, cavities, or weathered zones

• Depth and thickness of grouting or sealing

• 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 screen(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

• Well 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) are stabiliTed to less than 5

percent fluctuation betweca three suocessive readings. Other than formation water from

the particular well, no other liquid will be introduced into the well. After final

development of the well, approximately 1 liter of water w'dl be collected (from the well)

in a clear glass jar and photographed in front of a standard color chart with 35-ram color

slide film. The jar will be shaken immediately before being photographed to display any

suspended solids. The photograph will 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.
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5.4.2.8 ln-Situ Permeab_t_i_'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 drill 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 steam cleaned

in the designated cleaning/decontamination area 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

equtpment that is hollow or that has holes to Ixansmit water or drilling fluids
will be cleaned inside and outside.

• Rinse with potable tap water.

• Rinse with de-ionized water from a stainless steel container.

• Rinse with pesticide grade isopropanol from a stainless steel container.

• A_r 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
ml_t/IS.

All of the driUmg equipment, including the drill rig, will be inspected before entering the

site to monitor whether there are fluids leaking and whether all gaskets and seals are
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intact. No oil or grease wig, be used to lubricate drill stem threads of any other drilling

equipment being used over t_e borehole or in the borehole without prior approval.

Soll and Sediment Sampling Equipment Decontamination. All the soil 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 detergent, using a

brush if necessary to remove particulate matter and surface films.

• Rinse with tap water.

• Rinse with de-ionized water.

• Rinse twice with pesticide grade isopropanol.

• Rinse with organic-free water (not deionized or distilled water).

• Air dry.

• Wrap with aluminum foil, if appropriate, to prevent 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 Sampling Equipment Decontamination. All of the surface 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 matter and surface films.

• Rinse with tap water.

* Rinse with de-ionized water.

• Rinse twice with pesticide grade ixopropanol.

• Rinse with organic-free water (nol deionired or distilled water).

• Air dry.

• Wrap with aluminum foil, if appropriate, to prevent contamination if equipment

is going to be stored or transported.
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• Water used in decontamination operations will be disposed of as is purge water.

Groundwater Samplln_ Equipment Decontamination. With the following exceptions,

all groundwater sampling will be conducted with disposable sampling equipment (such as

disposable bailers and disposable rope) that requires no decontamination.

Elevation tapes will be decontaminated using the following procedure:

• Wash with tap water and laboratory grade, non-phosphate detergent, using a

brush if nece_ry 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.

Submerstble pumps and hoses used to purge groundwater wells will be decontaminated

using the following procedures:

• Flush the hose using laboratory grade, non-phosphate detergent, 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 de-ionized water.

• Place equipmeat 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 are double cased, there 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 f'dter pack relative to the confining

unit (the filter pack will have a lower density than the bentonite seal), and to determine if

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 availahle to

determine the soundness of the grout inside a small borehole with a 2-inch--diameter well

easing. Bec:ause of the accuracy and the lack of a nuclear source, the acoustical method

is the preferred method. However, because the probe used in the acoustical method has a
diameter of 1 1/16 of an inch, the well easing 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 licenses from the Nuclear

Regulatory Commission 0qRC) 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 training

includes provisions that do not allow untrained personnel to operate or be near a source

when 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 ._etion 10 of DDMT's HASP.

In addition to the precautions that service companies taka tO maintain their license, they

are subject to an audit from the NRC (or from the agreement state that implements the

NRC rules) while they are onsite.

Natural gamma logging will be performed on six existing wells to help identify the depth

to the Jackson/Claiberne 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 alternatives 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 potassium-40, which is typically the

source of gamma radiation. Natural 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 Aquifer

(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 confining unit. New wells wiU 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 pexformed in Dunn Field in the vicinity of

known borial sites. The survey was performed in June 1993 by the Corps of Engineers

Waterways Experiment Station (CEWES). The purpose was to confirm locations of

buried pits and trenches that might be burial sites of haTardous 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 clear drill sites of any buried metal and
utilities.

5.6 Surveying

5.6.1 Control Monuments

Control monuments, monitoring wells, and soil and strafigraphie 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.

"lhree permanent control monuments with a 3:,6-inch-diameter 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 (1: 10,000) and elevations (1:5,000) to Third Order accuracies or better will
be established to the closest 0.01 foot for each monument. The coordinates will be

referenced 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 are a minimum of 1/8 inch tall:

COEo Huntsville, Alabama Identification Number Month and Year E_tablished.

5.6.2 Location Surveys

Coordinates and elevations will be established for cach 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 casing
(at the water-level measuring point) and the top of the survey marker. All elevations will
be referenced to the North American Vertical Datum of 1929. A 3:A-inch-diameter

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 piezometers, 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, sWatigraphic 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 coordinates; and all of the required

elevations. Elevations will be detexmined for both the top of casing and the top of the

survey monument at each monitoring well. This information will be used to generate a

map plotted at a scale of 1 inch = 300 ft or larger showing the location, identification,
coordinates, and elevations of the geophysical survey, soil borings, wells, and

monuments. The tabulated list of coordinates and the map will be submitted, along with

all field books and computation sheets, no latex 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 the most appropriate calibration

procedure to be used for the contaminants of interest. General instructions are included

in the HASP. On a daily basis, the meter will be calibrated to isobutylene. The 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

recon'unendations for the most appropriate calibration procedure to be used for the

contaminants of interest. The mctcr will be zeroed to background levels on a daily basis

by field personnel.

6.1.3 Soil Boring Drilling

While drilling either 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 6.1.1 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 ambient air for volatile organic vapors around the wellhead will be
performed using an HNu meter. The meter will be calibrated to isobutylene each day

and will be zeroed to amb|ent 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 carried 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 pit 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 offse_ readings accordingly. Both pH meters also measure and display

temperatures 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 distilled water.

6.1.6 Specific Conductivity Meter Calibration

The specific conductivity meters will Ix: standardized by immersing the decontaminated

conductivity probe into a standard solution 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 re.quires 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 battery 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 dates.

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 review

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 laboratory 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 deliverables were detailed in Section 3.2.2. Level 3 data

package deliverables are summarized in Table 7-1. Level 4 deliverables 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 l.,aboratory 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 resampled and reanalyzed using the low-

level method presented below:

None of the method target compounds call 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 hmits will be made on a case-by-case basis.
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Table 7-1

Level 3 Data Package Deliverables

Defense Depot Memphis, Tennessee

Page 1 of 2

CLP Purpose

Form

Organic Compounds by GC/MS

1 Data summary form

2 Surrogate spike recovery

3 MS/MSD recovery

4 Method blank summary

5 Instrument performance check summary

6 Initial calibration data

7 Continuing calibration check

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

I0 Compound identification summary

Inorganic Compounds

1 Data summary form

2 Initial and continuing calibration verification

3 Blanks

4 ICP Interference check samples

mgnOS-DDMT-WP2/014 WP5
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Table 7-I

Level 3 Data Package Deliverables

Defense Depot Memphis, Tennessee

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 dilation results

10 Instrument detection limit

I IA & 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 Reporting Limits

Defense Depot Memphis, Tennessee

Page 1 of 7

Target Compound Water (pg/L) Soil (pg/kg)

Volatile Organic Compounds

Chlorometl_nc 10 10

Bromomethane 10 10

Vinyl chloride lO 10

Chloroethane 10 ! 0

Methylene chloride 10 10

Acetone 10 10

Carbon disulfide 10 10

1, l-Dichloroethene I0 10

1,1 -Dichloroethane 10 10

1,2-Dichloroethene (total) I0 10

Chloroform 10 10

1,2-Dichloroethane 10 10

2-Butanone 10 10

1,1,1 -Trichloroethane 10 10

Carbon tetraehloride 10 I0

Bromodichloromethane 10 10

1,2-Dichloropropane 10 10

cis- 1,3-Dichloropropene 10 10

Trichloroethene 10 10

Dibromochloromethaae 10 10

1,1,2-Trichloroethene 10 10

Benzene 10 10

traas- 1,3-Dichloropropene 10 10

Bromoform 10 10

2-Hexanone 10 10

4- Methyl -2 -pentanone 10 I0

rag, m95 DDMT-W|V2/OI4 WP5 "7-4 9/7/95



701 467

Table 7-2

Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tennessee

Page 2 of 7

Target Compound Water (_g/L) Soil (.ag/kg)

Tetrachlomcthcnc 10 10

1,1,2,2-Tctrachlorocthane 10 10

Tolucne 10 10

Chlorobenzene I0 !0

Ethyl benzene 10 I0

Styrene I0 I0

Xylcncs (total) I0 I0

Semivolatile Organic Compounds

Phenol 10 330

bis(2-Chlorocthyl)ether 10 330

2-Chlorophenol 10 330

1,3-Dichlorobenzenc 10 330

1,4-Dichlorobenzene 10 330

1,2-Dichlorobenzene 10 330

2-Methylphenol 10 330

2,2'-oxybis(l-Chloropropane) 10 330

4-Methylphenol 10 330

N-Nitroso-di- n-propylamine 10 330

Hexachloroethane I0 330

Nitrobenzene 10 330

lsophorone 10 330

2-Nitropheaol 10 330

2,4-Dimethylphenol 10 330

bis(2-Chloroethyoxy)methane 10 330

2,4-Dichlorophenol 10 330

1,2,4 -Trichlorobenzene 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 0tg/L) Soil (pg/kg)

Naphthalene 10 330

4-Chloroanilinc 10 330

tlcxachlorobutadiene 10 330

4-Chloro-3-methylphenol l0 330

2-Methylnaphthalene l0 330

Itexachlorocyclopentadiene l0 330

2,4,6-Trichloropbenol 10 330

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-N itroaniline 25 830

Acenaphthene 10 330

2,4-Dinitrophenol 25 830

4-Nitrophenol 25 830

Dibenzofuran 10 330

2,4-Dinitrotoluene 10 330

Diethylphthalate l0 330

4-Chlorophenyl-phenylether 10 330

Fluorene 10 330

4-Nitroaniline 25 830

4,6-dinitro-2-methylphenol 25 830

N -Nitrosodiphenylamine l0 330

4-Bromophenyl-phenylether 10 330

Ilexachlorobenzene 10 330
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Table %2

Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tennessee

Target Compound

Pentachlorophenol

Pheaanthrene

Anthracene

Page 4 of 7

Water btg/L) Soil _g/k8)

5 165

10 330

10 330

Carbazole 10 330

Di-n-butylphthalate 10 330

Finoranthene 10 330

Pyren¢ 10 330

Butylbenzylphthalate 10 330

3,3 '-dichlorobenzidine 10 330

Benzo(a)anthracene

Chrysene

bis(2-F_.thylhexyl)phthalate

Di-n-octylphthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Dibenz(a,h)anthracene

Benzo(g,h,i)pcrylene

Thiodyglycol

2,4-Dinitrotoluene

Pesticides and PCBs

alpha-BHC

10 330

10 330

I0 330

I0 330

10 330

10 330

Bcnzo(a)pyrcne I0 330

Indeno(l,2,3_:d)pyrcne I0 330

I0 330

I0 33O

12.1 4200

I0 330

0.050 1.7

be_-BHC 0.050 1.7

delm-BHC 0.050 1.7
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Table 7-2

Target Compound Lists and Reporting Limits

Defense Depot Memphis, Tennessee

Page 5 of 7

Target Compound Water (pg/L) Soil (pg/kg)

gamma-BHC (Lindane) 1.70.050

0.050

Endrin

Heptachlor 1.7

Aldrin 0.050 1.7

Heptachlorepoxide 0.050 1.7

E_dosul fan I 0.050 1.7

Dieldrin 0.10 3.3

4,4'-DDE 0.10 3.3

0.10 3.3

gamma-Chlordane

Endosulfan II 0.I0 3.3

4,4'-DDD 0.I0 3.3

Endosulfan sulfatc 0.I0 3.3

4,4'-DDT 0.I0 3.3

Methoxychlor 0.50 17

Endrin ketone 0.10 3.3

Fmddn aldehyde 0.10 3.3

Toxapheac 5.0 170

Aroclor-1016 1.0 33

Aroclor- 1221 2.0 67

Aroclor- 1232 1.0 33

Aroclor-1242 1.0 33

Aroclor- i 248 1.0 33

Aroclor- 1254 1.0 33

Aroclor- 1260 1.0 33

alpha-Chlordane 0.05 1.7

0.05 1.7
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Table 7-2

Target Compound lasts and Reporting Limits

Defense Depot Memphis, Tennessee

Target Compound

Herbicides

705

Water 0,g/L)

Page 6 of 7

SoU

471

2,4-D 2.5 50

Silvcx (2,4,5-TP) 0.5 10

2,4,5-'i" 0.5 10

Dinoseb 0.5 10

Dioxin.s and Furans

Tctrachlorodibenzodioxins 0.005 0.005

Pen tachlorodibenzodioxins 0.005 0.005

Hcxachlorodibcazodioxins 0.005 0.005

Tctrachlorodibenzo furans 0.005 0.005

0.005 0.005Pentachlorodibenzofurans

Hcxachlorodibenzofurans 0.005 0.005

Metals

Aluminum-ICP 200 40,000

Antimony-ICP 60 12

Arsenie-GFAA 10 2

Barium- ICP 200 40,000

Beryllium-ICP 5 1

Cadmium-ICP 5 1

Calcium-lCP 5,000 1,000,000

Chromium-ICP 10 2

Cobalt- ICP 50 10,000

Copper-lCP 25 5

Iron - ICP 100 20,000

Lead-GFAA 3 0.6

Magnesium-ICP 5,000 1,000,000

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 (pg/L) Soil (_g/kg)

Mcrcury-CVAA 0.2 0.1

Nickci-ICP 40 8

Potassium-lCP 5,000 1,000,000

Selenium-GFAA 5 I

Silvcr-ICP I0 2

Sodium -ICP 5,000 1,000,000

Thaliium-GFAA 10 2

Vanadium -ICP 5,000 1,000,000

4Zinc-ICP 2O

mgmg$ -DDb4T-WP2/014
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Table 7-3

Comparison of Organic Compounds with MCLs and Method Reporting Limits

Defense Depot Memphis, Tennessee

Normal CLP Special
Method Method

MCI, Reporting Reporting

Target Compound Analysis _g/L) Limit (pg/L) Limit Otg/L)

Vinyl chloride VOC 2 10 1'

Methylene chloride VOC 5 10 2 a

1, l-Dichloroethene VOC 7 10 1'

1,2-Dichloroethane VOC 5 10 1"

Carbon tetrachloride VOC 5 10 !*

1,2-Dichloropropane VOC 5 10 1"

Trichloroethene VOC 5 10 1•

1, ! ,2-Trictdoroethene VOC 5 10 1"

Be nzene VOC 5 10 1*

Tetrachloroethane VOC 5 10 !*

1lexachlorobenzene SVOC 1 10 0.2 b

Pentachlorophenol SVOC 1 50 0.5 _

bis SVOC 6 10 5

(2-ethylhexyl)phthalate

Aldrin Pesticide - 0.05 0.02 b

*Low Level Contract Laboratory Program
bMethod 8080

'Method 8151

mgm95 DDMT WP2/014 WP5 7-l I 9/'//95



705 474

8.0 Data Quality Evaluation

8.1 Level 1-Field Survey Data

Field instruments used by CH2M HILL to collect temperature, pH, and conductivity are

direct reading, thus making field calculations and subsequent dam reduction unnecessary.
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)

Dale and time of calibration and sample measurement

Sample results

Supporting information (for example, temperature for pH reading)

If QC samples are used as part of the overall immunoassay tests, the results of these

analyses also will be included in the field log. The J:IL will provide a summary of the

immunoassay results to the project chemist as well as to the ICIL for review.

All data will be reviewed the FTL, 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 IlL

before leaving the sampling site. Extreme readings (readings that appear significantly

different from other readings at the same site) will be accepted only after the instaument
has been checked for malfunction and the readings verified by retesting. 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 be

reviewed by the project chemist, as well.

8.2 Level 2-Field Screening Data

The field screening laboratory will be requited to provide a limited data package that

includes instrument calibration, results for field samples, method blanks, and QC

samples. This datapackage 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-base

analytical laboratory for Level 2 screening. The laboratory will use the same analytical

approach as outlined in the EPA-approved method; however, for Level 2 the frequency of

QC will be decreased and no supporting QAJQC documentation will be included in the

data paCka£e 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 sane list of

VOCs; however, for Level 2 samples, fewer MS/MSD samples will be analyzed and only

sample results and method blank results will be submitted for the data package
delivembles.

8.3 Level 3-Laboratory Analyses

Data quality evaluation will be performed by the CH2M HILL 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 carefully reviewed to verify sample

identity, insa'ument 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 charts, 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 he 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, Funct/ona/Guidelines for Evaluating Data Quality (EPA,

1991) (tel 40). This overall process is used regardless 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 u_hility of the data to support

the project data interpretation and decision-making process. Areas of review include data

package enmpleteness, 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
will be noted on the data review worksheets and the effect of the non-conformance on the

overall usability of the data will be evaluated 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.

J Estimated. The analyte 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 Rqected. 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 are included on the data summary

forms (Form I) 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 datapackages has been reviewed, and the data review workshcets

completed, then the entire data set will be evaluated for overall trends in data quality and

usability. 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 fimitation 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 concentration 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 chloride, and

phthalates. Acetone and methylene chloride are used to extract samples in the laboratory

and hence arc common laboratory contaminants. Phthalates are used as plasticizers, the

most common of which is bis(2-ethylhexyl)phthalate, and are 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 phthalates 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 required by the EPA Functional
Guidelines.

8.3.2 Surrogate Spike Recoveries

Surrogate spike recoveries are compounds for each of the organic analytical methods.

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 identical)

to target compounds and again, should behave in a similar manner during analysis.

Surrogate spike recoveries are used to monitor both laboratory porfornmnce 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 ficld 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-analyrJed sample, then the sample results

arc 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 spike 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 interfenmces 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 descirbed

for Level 3 data; however, calculations for calibration, spike recovery, and sample results

will be recreated using the raw data. These example calculations will be included with
the data review work.sheets.

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 assessment is to demonstrate that a sufficient number

of representative samples were collected and the resulting analytical data can be used to

support the project decision-making process. The following precision, accuracy, .

representativeness, completeness, and comparability (PARCC) measures are used:

Preclsion-is the agreement between duplicate results and can be estimated

by comparing duplicate matrix spike recoveries and field duplicate sample
results.

Aecuracy-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 dam and cannot be measured

directly.

Representativeness-is a qualitative measure of the degree to which

sample data accurately and precisely represent a characteristic
environmental condition. Representativeness is a subjective parameter and

is used to evaluate the efficacy of the sampling plan design.

Representativeness is demonstrated by providing full descriptions 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 usable data is desired.

Comparability-is another qualitative measure designed to express the
confidence with which one data set may be compared to another. The

following factorsaffect comparability: sample collection and handling

techniques, sample matrix type, and analytical method. Comparability is

limited by thc other PARCC parameters because data sets can be compared

with confidence only when precision and accuracy are known. Data from

one phase of an investigation to another can be compared when the same

EPA-approved methods are used and data package deliverables 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 nonconformances, 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 be audited by the PM,

project chemist, or a designee.

"l'he I:I'L 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 tile QA/QC objectives. Reports and technical correspondence will be peer

reviewed by an assigned quahfied individual, otherwise external to the project, before

bemg finalized.

9.2 Field Team Performance and System Audits

The FTL or a designated representative will conduct weekly informal audits of the field

activities. Tim weekly audit for completeness will include the following items:

• Sample labels
• COC records
• Field notebooks

• Sampling operations
• Document control

Tile 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
projc, ct 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 FTL,

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.

• Appropriate 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
lollowing:

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 specified in the lab CompQAM

Special audits by the project chemist or corporate management when a
problem is suspected
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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

Field Equipment Preventive Maintenance

Defense Depot Memphis, Tennessee

Instrument Activity Frequency

pll meter Battery replacement or As needed (indicated by LCD
electrode cleaning display) or as specified in

instrument manual

Conducttvlty 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.
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11.0 Calculation of Data Quality Indicators

11.1 Quality Control Measures

The QC measures described below are incorporated into Levels 2, 3, and 4 analytical
methods.

Method Blanks-A method blank is a sample of analyte-free water that is treated as a

sample in that it undergoes the same analytical process as the corresponding field

samples. Method blanks are used to monitor laboratory performance and contamination

introduced 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 is

more frequent.

Matrix Spikes--For inorganic analyses, a single sample is split and one portion is spiked

with a known amount of reference material. For organic analyses, three aliquots of a

single sample axe analyzed-one native and two spiked with matrix spike 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 evaluate precision. The matrix

sptke 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 matrix.

Surrogate Spikes Recoveries-This QC measure 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 represent 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
are re-analyzed. If the surrogate spike is stall outside the acceptance window for the re-

analysis, then the sample results are 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
obtained from duplicate analyses made under the same conditions. Precision will be

estimated from analytical data and cannot be measured directly. The precision of a
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duplicate determination can be expressed as the relative percent difference (RPD), as

calculated from the equation:

ReD IX_ - X2I/ (XI ÷ X2)X 200

where X, and X2 are the duplicate values.

Accmracy is a measure of the agreemeat between an experimental de.termination 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 i00

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 = Vidid Mei_tsurements 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 effectivene.ss 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 he 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 verif'w.s that file 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
line 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.
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Originator:

Person responsible for replying:

Description of problem and when identified:

Date:

Seouence 9f Corroctive 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: __

Field Team Leader:

Project Manager:

Date:

Date:

j

F'IGUR[ 12-I
CORRECTIVE ACTION REQUEST FORM
Defense Depot Memphis, Tennessee

i

i
MOP - O00b DWWj, 21 Feb- 1995

12-2
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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, instrument sensitivity, and so forth. The analyst
immediately notifies his/ber 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 QA/QC officer must be provided with a corrective
action memorandum for inclusion into the project file if data are affected.

Corrective actions may include, but are 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 instruments

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.
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13.0 Quality Assurance Reports

The purpose of QA reports is to docmncnt implementation of the QAPP. These reports

include periodic assessments of measuremcm 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 final 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.
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14.0 Sample and Database Management

14.1 General lnfo,mation

The project database will be EDMS-A (environmental data management system in

Access) and an environmental management information system (EMIS) deliverable will be

submitted to the client. EMIS is similar to Interchange File Format OFF') 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 EM1S 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 management team. The data manager will

be responsible for maintenance of the data management file.

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.
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14.2 ltard 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 (SDG)

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 SDG number for each analysis requested (for example, volatiles,

semivolatiles, total metals, filtered metals, and dioxins) will be recorded in the Detailed

Data Inventory Sheet (DDIS). Data packages will be prepared for data quality evaluation

and filed in a central data 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

internal/external clients. STP is used for entry of field-originating information (such as

station locations, lithologie descriptions, well completion information, sample collection

dates/times, analyses requested, and field measurements), and to produce sample bottle

labels, COC forms, electronic files containing COC information, and daily and weekly

sampling summary reports.

STP will be 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 software

modifications and support will be the responsibility of the database manager.

Before field mobilization, all STP modifications will be reviewed. All November 1994

EMIS Data Dictionary codes applicable to the project will he verified by data entry

personnel. A data inventory table of all analytical methods to be requested and the

corresponding analytes to be 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 he verified against historically

used location information by the data 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 he 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 he generated and sent via modem to the analytical laboratory for

import into its data management system. Finally, an example weekly summary report
will he 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 completnon 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

nnformation. 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 he 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 he 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 breaking

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 fde 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 Re4x)rt--noling any problems with the sample shipment

Sample Receipt Summary Relx)rt-contalning 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 collected) at

the laboratory, using the manual data entry verification procedure described in this
section. The date received by the laboratory and the SDG 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 l-q'L for review and delivery to the client. The field data manager will

fax a copy of the finalized weekly sample status report to the data 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 FTL 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 team copy of EDMS/A-EMIS by renaming the existing file in

the appropriate EDMS subdirectory 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.
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14.4 Management of Laboratory Electronic Data Deliverables

Electronic data (E-Data) deliverables will be sent as compressed (PKZ1P 2.04) files to the

data manager. A copy of the E-Mail cover letter, which includes a list of the file(s)

transmitted 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 F..xception 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 Exceptions 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 he

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 be added to the data

management file under ``Import Exceptions Reports."

During the data management process, manual changes 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 electronic data into the EDMS/A-EMIS database and

resolution of all Import Exceptions, 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.

Relatiomhip 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 cheek for valid values specific to this project.

If a database record does not satisfy the conditions specified by the query, the exception

will he listed in the Front-End Exceptions Report. The Front-End Exceptions Report will
contain the name of the query, tile information necessary to identify the database record,

and an explanation of the exception. The data manager will evaluate each item in the

Front-End Exceptions Report and determine what action, if any, needs to be taken. If the

appropriate action is a manual data change, it will he verified. If the appropriate action

is to request a resubmission of the electronic data from the laboratory, the resubmission

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 the 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

_tion ID of "FIELDQC." The I._cation 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 procedures, 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 approprtate 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 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 F2_ceptions Report, initialed, and dated. Once

all items listed on the Front-End Exceptions Report are resolved, the report will he added

to the data management file under "Front-End QC Descriptions and Exceptions Reports."

14.6 Data Quafity 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 m EDMS/A-EMIS, laboratory qualifiers and/or concentration values

changed on the Form 1 by the DQE team will he entered into the database in the

mgmDDMT-WIt_2/O 14 WP5 14-8



705 498

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

validatzon 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, correemess of, and relationships between file 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 intermethate 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 he 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 he requested.

Once the appropriate action to be taken is completed, the query will be re-run to confirm

that the exception has been corrected, and the item in the Intermediate 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 file under "Intermediate QC Descriptions and Exceptions

Reports." If the action taken affects data provided by the 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/final), 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, LITII_DES, SAMPLEDATA, WATERLEVEL, SAMPLE PREP, and

ANAL_RES. 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 EMIS November 1994 Data Dictionary specifications. The tables
will be populated by running queries that pull the appropriate data from various

EDMS/A-EM1S tables and place them in the corresponding fields in the EMIS-like

Access tables. In addition to bringing in the data, the 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 to 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 specified by a query, the discrepancy
will he 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 re.submission will he requested.

Once the appropriate action to he taken is completed, the query will he re-run to confirm

that the exception has been corrected, and the item in the Back-End QC Exceptions

Report will he 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 draR/final deliverables will
proceed.

14.9 Generation of Deliverables

After completion of tile EMIS-hke Access table generation, the EMIS deliverables will he
generated by the data manager. The source for these deliverables will he the EMIS-like

tables in EDMS/A-EMIS. Microsoft Excel (v.5.0) will be the prtmary tool used to

manipulate and format the data contained in the EMIS-like tables. Using Excel macros,
data will be extracted dtrectly from the EM1S-like tables in EDMS/A-EM1S. 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 worksheets 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

column (field) order in which the data is to he organized. Second, they specify the field
type for each field. Third, they help the client's data manager view the data.

Ilard copies of the SAMP_LOC, 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-specific, 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 lZl'L

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 SAMPLE PREP and ANAL RES records for each

SAMPLEPREP fraction (volatiles, semivolati/es, pesticides, andso forth) will be

generated and given to a representative of tile 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. Alter 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

nlarked-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 he regenerated and reviewed again.

If subsequent reviews are necessary, 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 comtnents, the draft EMIS tables (Lotus 123 v.2.2

templates) will be placed on one or more 3.5-ineh 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:
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A. Executable File Name:

EMIS File Name(s): EMIS SL, EMIS WC, EMIS_LD, EMIS_SD,

EMIS_WL, EMIS_SP, EMIS_ARI, EMIS_AR2...etc.

• 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 files submitted.

Additional explanation regarding the procedure for uncompression of the files will also be

indicated. Unless directed otherwise, disk(s)containing draft and final EMIS fries will be

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 loading the draft EMIS elecUonic data deliverable into EMIS. This will

allow the data management team to take any corrective actions needed and to include a

corrected file(s) in the final EMIS electronic data deliverable.

The client's data manager 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 taken 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 Deliverable

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 clieat's data manager's comments, the final EMIS deliverables will

be packaged and transmitted 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 client's data manager after the

transmission of the final electronic deliverable will be documented as appropriate 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, ete) and stored with other project documentation, according to existing

guidelines. The data will then be kept on both network file servers 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.
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If any subsequent changes need to be made to the data, it will be restored from the latest

tape, modified, archived as indicated above, and removed from the network file servers.

Unless problems occur with data restoration, the primary source for non-databasc and

database files will be the archives. All laboratory defiverables (either hard copy or

el_ax_aic) will be retained by the laboratory for a period of 7 years.
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DDMT ACRONYMS

! Acron_'m

BFB

CCB

ccc

CCV

CDA

CLP

COC

CRDL

CRQL
CVAA

%D

DEM

DFTEP
EDL

EMIS

GC
GC.A_S

GFAA

ICB

ICP

ICSA/ICSAB

ICV

CV

IDI.

IEC

INDA

INDB

IR

IS

LCS

I.CSD

LIMS

LMG

MDL

MS/MSD

MSA
PCB

PCB LOC

PEM

PIBLK

%R

RESC

F

RL

Meaning/Explanation

I.MG destgnauon for non-CLP Pest_cade standard nuxmr¢ of single component posuc_dcs and surrogates (22
components)
Bromofluorobenzcnc

Conunuin_ CahbtaUon Blank

Cahbratmn Check Compounds

ContrauinR Calibration Venficauon
Comma Dehmited ASCII

USEPA Contract Laboratory Program

Chara of Custody
Contract Required DelecUon Lmut - defined in CI.P SOW for lnor_.arucs

Contraa Required Quunutauon Limit - defined m CLP SOW for Orc'aniog

Cold-Vapor Atomic Absorpuon
Percent Ddlerence

Degradation Evaluaoon Mixture (LMG designation for 8080 work), measures Endnn and 4,4'-DDT

degradauon)

Decafluorotrtphenylphosphine
Esumated DetecUon Lmut

Environmental ManaRcmcnt lnformaUon System
Gas Chromatography

Gas Chromato_aphy/Mass SpecuomeUy

Graphite Furnace Atomic Absoptton
Imtml Cahbratmn Blank

Inductively Coupled Plasma

Interference Check Samples (ICP)
Imtlal CahbraUon Verification

Iniual Cahbratton VedicaUon

lnstnunent Detecoon Lraut

Inter-Element Correction Factor (ICP)
Pestmlde single component mixture A - compounds and concentraUon defined in CLP SOW

The 3 levels are named INDAL, INDAM. and INDAH (as specified In SOW)

Pesticide single component rruxture B - compounds and concentration defined in CLP SOW

I'he 3 levels are named INDBL. INDBM. and INDBH (as spoc_ed in SOW)
Infrared Spcctropbotometer
Internal standard

laboratory Control Sample
Laboratory Conuol Sample Duplicate

Laboratory Information ManaE.ement System

! QAL Montgomery Lab
Method Dete_.-Uon Linut

! Matrix Spike and Mamx Spike Duphcate
Method of Standard Addthon

Polycldonnated biphenyl

PCB Locator = rmxqurc of arocIors 122 l, 1248, and 1260 - which contain most PCB congeneJ peaks This

standard is used to pt'ovide allnecessarypeaksto identdy al'oclors in samples

Performance Evaluation Mixture - compounds, concentrations, and criteria (dcgradaoon and RF) defined in
CLP SOW

Pesuctde/PCB instrument blank - CLP nomenclature

Percent Recovery

Resolution Check Mixture - compound,;, concentration, and criteria dcfined in CI.P SOW

Response Factor

Lab Reporting Limit
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DDMTACRONYMS

Acron_'m
"_PD

RRF

Meaning/Explanation
Relative Percent Ddlerence

Relative Respon_ Factor
RRT Relative Retcntion Time

RSD Relative Standard Devlatton

RT RetenUon Timc

RT window Rctcntton Tmmewindow

SOP
SOW

TAL

TCL

TEF

TIC

I Standard Operating Proc.eoMres
CLP Statement of Work We are currently followms OLM01.9 for Orf.amcs and/LM02. I for Inorganics

Target Analyte List - as defined in Inor_muc CLP SOW

Tarset Compound List - as defined in Or_uuc CLP SOW

Toxac.y Equtvalent Factor
Tentatively Identified Compound

B-2
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PROJECT: MEMPHIS DEFENSE DEPOT

GENERAL CHEMISTRY

LEVEL 2 LEVEL 3

NO PROCEDURAL CHANGF.S IN SAMPLE PREPARATION

Instrument Calibrauon I/day I/day

Method Blank l/batch of 20 or It:_s I/batch of 20 or less

Target Analyte < Reportmg Limit Target Analyte < P,elxmmg Lmut

(eL) fRL)

[mttal Caltbraaon/ICV I/day I/day
EPA Methods 90-100% EPA Methods 90-110%

CLP-Cyanide 85-115% CLP-Cyanide. 85-115%

Contmmng Calibratmn Same as above Same as above

MS/DUP Recovery 80%-I 20°/0 Recovery 80%- 120%

RPD <20% RPD <20%

TSS DUP Only TSS DUP Only

LCS l/batch l/batch

Recoveries Cyamde gs- 115*/e Recovenes Cyamde g5- I 15%

Rovenes EPA Methods 90-110% Rer..ovenes EPA Methods 90-110%

Reporting Levels Water Soil

CN lO0_g/L I 0 mg/Kg

Water Sod

CN CRDL 10 ug/L 1 0 mg/kg

TSS 4.0 mg/L -NA-
TSS 4 0 mg/L -NA-

F 0 10 mg/L 1 0 mg/kg

I 2 0 mg/L 20 mg/Kg

Br 2 0 mg/! 20 mg/Kg

I (IC) 0 I mg/L 1 mg/Kg

F 0.10 mg/L 1.0 mg/kg

1 2 0 mg/L 20 mg/Kg

Bt 2 0 mg/L 20 mg/Kg

l (IC) 0 I mg/L 1 mg/Kg

Br(IC) 0 1 mg/I., 1 mg/Kg
Br (IC) 0 I mg/L 1 mg/Kg

Dduuoas If Linear Range is Exceeded If Linear Range is Exceeded

Report LINtS Report CLP Report

Rcwew Peer or Superw,,or Peer or Supervisor

Price

pH (EPA 150 t)

Cyamde (CLP-SOW)

Total Suspended Sohds ( EPA 160 2)
Fluoride (EPA 340 2)

lodtde (EPA 345 1). TltrarnelJ3C (Phospholine Iodide)

Iodine (EPA 300 0), Ion Chromatography tiC)

Bromade ( FPA 320 I). TRramdmc

Bromide (EPA 300 0). Ion Chromatography tiC)

B-3
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• PROJECT: MEMMIIS DEFENSE DEPOT

CATIONS

LEVEL 2 LEVEL 3

NO CHANGE

Inst_mem Tune |CP Scan No GFAA

Hg - by CVAA

Instrument Blank Target Aaalytes < 5xCRDL

Method Blank 1-20fFarget Aaalyte.s <5xCRDL

inzttal and

Continuing C.ah bratiort

IN SAMPLE PREPARATION

CLP/SOW Criteria

CLP ICP + GFAA+CVAA

Target < CRDL

1:20

CLP Criteria

CCV/CCB 1.20

CCV 70 - 130% rex:overle_

Calibration

ICP Blank + I sta.ndard

Hg Blank + 3 standards

Calibration: CLP Criteria

CLP ICV % Recovery
90-II0% ICP, GFAA

80-120% Hg
85-115% CN

CRA/CRI @ I/run

2/rim ICP

Interference Check ICSA Beginning I ICSA/ICSAB 80-120%

ICSAB End I 70-130% I set/lCP no

MS/DUP Post Spike I 20 I MS 1:2Q

MS/DUP I 20 or as requested I DUP 1:20

GFAA Post Spikes

85-115% (every sample)

LCS I 20, Soll - EPA Criteria (0287) 1:20; Soil - EPA Criteria (0287)

Recovery 70-130% H20 % Recovery 80-120% H_0

Reporting Levels As I00 ICP & Hg CLP Criteria

lab 50 .%une as CRDL

60

Ti 60 (See Attaehmem)

D'tlutlons Any sample responsc IO% above CUP Criteria

Linear Range

Report UMS Form I CLIP Cntena

Revtew Analyst 100% CLP Criteria

Tecluatcal Review 10%

Pnce
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i i

" __Bs by GC_CO . .
QuaIR,*. Control DOQ Level 2C_teria__ (Screenl DOQ Level 3 Criteria (CLP SOW OLMOI .9)

L_mnllent blanks As i|t_L_ed Targets < 5 x RL At CLP SOW spcc fled frequency Targets < 1/2

MctlIod hlaldcs

MS/MSD

Surrogate spikes

I.CS (a bhutk spike is

prepped V,lth ex e_
MS/MSI) fol illlcrnal

& control cl_Wlln 5)
htHhll cahbrallOll

Conlmulilg cahbralion

.1_¢1¢:1111on Iiii1¢

%VllldOivS

Inlclnal stalldalds

Cl_inup (Sulfur

remo,,ul with IIg for ,dl
Pestlc,des/PCBs)

SccotKI-cOltlmfl

confr[tnat ion

Reporliiig hlt|its - in,-ly

.try dependutg nlt

chronmto_raphlc dale
Ddutions

Targels < 5 x CRQL

Frcqucncy= I set / 20 Samples

Use lab generated lmuls as advisory Recove W

outside of Inmts will be envesatgated ['or possible

explallation

Ilse lab generaled hmlts as advtso W RecovcW

outside of hm=ls will be investigated for possible

i cxplananon
NO CfiteNa

DEM - Endnn and 4,4'-DDT

degradallon inusl each be <30%

3 pore! of single-component pesltctdes (22-C nux)

should produce correlation coefficient _>0 95 or

25%P, SD (hneazlty check)

PCB LOC at RL (to be used for idcntdicatmn)

Tox.aphenc/Cldordane at RL

Mad-level 22-C - slm, uld be <_25%D from mmal

Then mcahbrate with this as stogie polnt

Frequency = after every 20 samples

(approximately every 12 honrs)

Mid-level multi-component slandard of any lut in

a sample - should be run within 48 hours of

sample Tlus sin_:le [x)int wall be used to calculate

No defined RT windows Analyst will compax¢

RT and/or RRT to nearby applicable standards

when targets are lentaUveb/idcno.fied

luternal standard quanutauon will be iL_d No

quantRaUve cntena for IS response

Pest and PesffPCB wdl go through CLP approved
lois of I]onsd

PCBs will be parhtioned agaznsl sulfuric acid

(wluch is a vet7 effective cleanup,)
Second column confirmation will be done as

needed and will have same cmena as pnma_

But as long as criteria IS met on one column.

analysis will conU, nue

CRQL

As needed to provide accurate quantda0on

Single component p(_tlCldCA will Ix: within imtlaJ

curve range Muhl-component targets are

calculated from single point and will be dlluled to

be within approximately 20°/.-200% of standard

(thiS IS the typlcul range of 5 poml curve for 8080

CI.P has no criteria for dilution of PCBs or Tox )

Targets < CRQL

Frequency = I .sel / 20 samples
Use CLP hmlts - CLP does not require corr..the

action.

Use CLP limits - CLP does no¢ require correctv.e
action

Not required by CLP SOW

Standard CLP requirements
RESC - check resoluuon

PEM - check deg_adalmn (Endnn

and 4.4"-DDT each < 20°/*. combined < 30%)

All mult].-component targeLs at CRQL (single pt )

3 levels of single-component pestlc_desto

demonstrate instnm_nt ILnean_¢ (INDA/INDB)

CLP specd_ed standards and frequency
PIBLK/PEM and PIBLK]INDAM/INDBM

ahematmg to bracket 12 hour blocks RF < 2_,%

from italia/and degradatmn cnterla same as

iml=al

Muhl-component targets found in any samples

will be nm wttlun 72 hours of sample (for

tdentxficatzon) Calc from imtlal slnSle point

CLP _lfied RT windows

As six:tiffed In CLP SOW, only extcrnal standard

quant_tatmn will be used

Cleanups will be perfonmed as specified m CLP

SOW with CLP cntena. Rofisd for all samples
and GPC for all soils.

As reqmre.d by SOW - dual column attalys=s I_lth

same cntena for both colunms CLP SOW does

not designate pnmaz7 and confin'natmn

CLP SOW CRQI.s CLP SOW CRQLs

Per CLP SOW

Re Fornt Is C[.P Forms

('DA
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Quality ConCrol DOQ Level 2 Criteria (Screen) DOQ I_vet .3 Criteria _8150/8151 !

tstmment hhmks

Method bl,udcs

MS.rMSD

I S.rrogal¢spikes

LCS (a bhmk spike is

prepped .,vtthever)

MS/lVlSD for internal

QC & coutrol charltug)
IlUll;d c:thbrHtlon

Optional As needed Tarf_cls < 5 \ RL

Targets < 5 x RL

Frequency = I set/ 20 Samples

Use lab gcoerated hmtls as advisor. Recovery

outside of hmtts wdi be mvesttg,tted for possible
explanation

Use lab generated hmtts as ',KlvtsoryRecovery

outside of hmits wdl be m_,esttgated for possible

explanation and corrective act!on

No cntena

O_tonal Anal)'zed as needed Tar,_ets< RI.

Tarj_e(s< CRQL

[:requcttcy = I .sEt/ 20 samples

Use lab generated limits

Use lab generated Imuts

Frequency = I per MS/MSD

Use lab generated acceptance hmsls ,f MS/MSD

does no! meet cmcna

3pomtofalltargetsandsurrogates Curve 5pomtofalltatgelsandsurrogates Ciltxe>_

should _>0 95 correlauon cneflicteu[ or 25%RSD 0 995 correlatmn cneffietem or 20% RSD
Estabhsh tmoaI RT wmdows

Contmum 8 calibration 'did-level inJeCted after every 20 samples Mid -level injected after every l0 samples

(approxiomtely every 12 hours) Crtlena <_25%D Ccdena <_ 15% D trot mmal

from radial. Then recahbrate wRh this as stogie RT "mndows can be updated once a day

point

Reten!ton time

'd, II Idow_;

Hernid sutttd,qrds

No defined RT vandows Analyst will compare

RT and/or RRT !o nearby apphcable standards

when targets are tentatively identdicd

Internal standard quantdalton will be us_ No

quantRauve cntena for IS response

Cleanups will be performed as described m lab
SOPs

Same criteria as pnmary But as long as criteria

Is met on one colunm, analysts will contmue

Typical lab RL (attached)

As needed to prowde accurate quantltatton

Dduuons will be performed so that largos are

wltlun tmual curve range
Form Is

CDA

Cleanup

Second-column

cotdirmnhon - ,.viii be

done ,Is needed

RepOlllng Imuls - may

xa_ depending on

chromatographtc data

Ddnttoo$

Report
EDala

RT wmdows are based upon actual retention time

vanaUon measured ra accordance with Method

8000 pubhshed to SW-846. Test Methods for

Evaloatmg Sohd Waste. Tlurd Edttzon. Nov 1986

Can be updated once per day

Internal standard quantstatton will be used No

quanUtatwe cntena for IS respon_

Cleanups will be performed as described m lab
SOPs

Same Criteria as pnmap/ But as long as criteria

ts met on one column (and confirmaoon of any

compound exceeding hauls Is not needed)

analysts vail conunu_

Typ,cal lab RL (attached)

As needed to prevent target com ppunds front

exceeding msmmaent cahbrauon range

CLP-hke forms
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-- PNAs ( ear Aromatic Hydrocarbons) by GC/FID

DOQ Level 2 Criteria (Screen) DOQ Level J Criteria (8100)Qu,tlit v control
Inmlmmenl blailks

_4et hod blank_;

MS/MSD

;Surrogale spikes

LCS (.I blat_ sp,ke ,s

prepped _,.,th e.,ery

MS/MSD For mternal

OC & control charlli,l_ )
Inltldl cuhbratlon

Optional As needed Targets < 5 \ RL

Targets < S x RL

Frequency = 1 set / 20 samples

Use lab gel:<:ratecl bruits as advisor s, Recover:,

outside of limits ,.'.,all Ix: investigated for possible

explanation

Use lab generated limits as <ldvt_ory Recovery

outside of limits wdl be investigated for possible

explanation and corrective ,'_tlon
No critena

Optional Analyze<el as needed Targets < RL

Tar,_ets < CRQL

Frequency = l set / 20 samples

Use lab gcneraled limits

Uge lab generated hmats

Frequency = I per MS/MSD

Us<: lab generated acceptance limits if MS/MSD

does nol meet cntena

3pomtofalllargetsandsurrogates Curve 5pomtofalllargetsandsonrogates Cur.c>

should > 0 95 correlation coemclent or 25%RSD 0 995 con'elauon c(_mclent or 20% RSD

EstablishtmttalRT windows

Cmnunung cnfibration Mid-level Injected after every 20 samples Mid -level in leered a_er every 10 samples

(approximately every 12 hours) Cntena <_25%D Crnena < 15% D from ,mlial

from initial Then recahbratc with thls as stogie RT windows can be updated once a day

point
R¢lcntloll tllne

WllldOwS

,tlleft_J standards

Cle,nlup

Secot_.-column

con_rlP.,itlon -will be

done as needed

No defined RT windows Atmlyst will compare

R r and/or RRT to nca_v applicable standards

when targets are tentatively identified

Internal standard quanUtallon will be used No

quanmauve cntcna for IS response.

Cleanup necessity and technique will depend on
matrix

Same cntena as pnma_ But as long _ cntena

IS met on one colunm, al_alysis will continue

Typ,cal lab RL (attached)

As needed to pro_dc accurate qnanttlauon.

Dilutions will be performed so 111.31targets are

within inlUal curve range

Base level (spreadsheet) or I..cv¢l I Form Is
CDA

Reportmg hmtts - may

varx depe,_sng on

chromato,_raphtc data

Dllutmns

Report

FD.na

RT wmdows axe based upon actual retention hm¢
vanatlon mcasored m accordance with Method

80(10published in sw-g46. I_estMethods for

EvalnaungSohd Wast¢.Tlurd Edltton,Nov 1986

Can be updated once per day

Internal standard qnanUtanon w,II be used No

quantllauve cntena for IS response

Cleanups will be performed as descnbed in lab
SOPs

Same criteria as pnmary But as long as crHerta

is met on one column (and confirmation of,my

compound exceeding limits ts not Ig'eded)

analyms will contmuc

T)13_cal lab RL (attached)

As ncodcd to prevent target COlnI_,OUlKJSfront

cxcceding instrument calibration range

CLP-hke forms

B-7 J137/'_'



,' 705 514

PROJECT: MEMPHIS DEFENSE DEPOT

GCIMS

[ LEVEL 2 I LEVEL 3

NO PROCEDURAL CHANGES IN SAMPLE PREPARATION

Ins(rument Tune 1/24 Hrs. Every 12 Hours

or Tune Verification Full Method Compliance Full Method Compllanec

Method Blank I/day/instrument or I/batch I120 or I/Batch

or as needed Common Conhaminants -

Target Analytcs <5 x RL CLP Gutdelines

Initial Calibrallon 3 [._vels 5 Levels (VOA 10-200)

(VOA IO-200) (SVO-20-160)

(SVO 20-160) Method Criteria

RSD <50%; Minimum RF - None

Sclcct _t of Coml_unds

(CCC)

Continuing Calibration Mid Point: I/day M_hod Criteria

RPD _50%

Select L/st (CCC + SPCC)

MS/MSD I pa=r/20 samples or as requested 1/20 Per Matrix

Method specified List Method Specified List

%R w,thm 4- 20% D from Method Method Cntena

Cntcna

Surrogates All samples. Re.analyze tf All samples

< 10% - >200% of method CLP Critena

specified recoveries

I out each fraction

VOA. B/N. A/E

Internal Standards Every injection Every injection

+ 150%, -75% Method Lirrats

up to 2 out (+ 100%. -50%)

AnaJys1"s dtscrehon

Second Vendor Standard None Analyze _ each new stock

cahbnmon mix

Sample Screening As needed As needed

Sample Cleanup If needed CLP Guidelines

Reporting Levels CLP/CRDL CLP/CRDL

Dilutions 20% above the highest standard CLP Guidelines

Analysts' discrctton

Report Form 1; E-Data - CDA QAL Level 2

Review Analyst 100%

Tech Review 5%

Pl'lCC

• , = .....

AnJdy_ 1OO%

Forms IO0%

Tech Review 100%
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TRIANGLE LABS

DIOXIN,?v'FURANS

GC/MS

NO PROCEDURAL CHANGES IN SAMPLE PREPARATION

|nstrument Tune S,mle Vertfic,d prior to each sample:

Method Blank

Inmal Cahbtatlon

Contmum_ Cahbrauon
MS/DUP

LCS/LCSD

Surrogates/Internal Standards

Recovery. Standards

Sample Scr_mn[

Sample Cleanup

Rcporung Levels

Ddut=ons

Report

1/20 or batch, targ¢laltalytcs
<[DL

S_[lle

Same

Same

Sallte

Same

Same

Ifneeded

Same

Same

On saturated peaks exccahng

linear range

Forma=er (Form D: Case

Nan*ative, Sample
Documcntauon

Data Re'view. Pccr RcvtewlQC

NO

Review

Second Column Confirmatmn

per method and instrument

spcc_fi.Gmons

1/20 or batch. Target analytcs <
2% of internal standard

5 point I_.SD< 15%

l_'4tdpomt1/12hours%D < 30%

IPaJrf20Samples.mcthed

anal:e,% recovenes50-150%
RPD < 50%

When MS/DUP notrcqucsted

same anal.vlcs& criteria
All samples. % recoveries 25-

150%, some out - analysl
dJscrct_on

All samples, signal to norse >
10 1: retention t_mc _,tthm 10

secofcahbrauon

Ifnccdcd

As per method

EDL's. Sod Water

Tetra I _ or 10 pp_

Penta Hepta 2-5 ppbor 2_ plX
Octa 5 ppb 50 pp[

On analytcs greater than

calnbrauon range at chent requesl

(chaxgcable remn_

FullCLP package

Data Rcwew, Pccr Rcvlcw/QC,

(_it 7 AssuranceRevlew

If TEF> 7pp¢(water) or 0 7 ppb
(sod)

B-9



705 516

FINAL PAGE

ADMINISTRATIVE RECORD

FINAL PAGE




