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Introduction ......
This Data Collection Plan (DCP) was prepared to describe pre-Remedial Design (RD)

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

Depot (see Figure 1). The objectives for the activities described herein are to evaluate

groundwater downgradient of known or suspected historical long-term operational areas

(LTOAs) on the MI where hazardous materials were used/stored, as identified by the

Tennessee Department of Environment and Conservation (TDEC). These LTOAs have been

selected by TDEC for further testing because proximal down-gradient groundwater

monitoring was not conducted to TDEC's satisfaction as part of the MI Remedial

Investzgation (RI). Each location for LTOA monitoring points was selected based upon best

professional judgement and all currently available hydrogeologlc and groundwater flow

data for the MI. The primary purpose of this pre-RD testing is to collect information to be

used in optnnizing the injection points for the selected alternabve in the MI Record of

Decision (ROD), enhanced bioremediation. In addition, this additional testing will

supplement existing hydrogeologic and envxronmental data regarding the MI
hydrogeological conceptual site model (CSM) for the MI.

These objectives have been outlined in several documents and other communications,

beginning prunarily with the issuance of the Draft Pre-Design Data Collection Plan for Main

Installation (Functzonal Unit 7) (CH2M HILL, 2000). This document was developed as a

result of the Base Realignment and Closure (BRAC) Cleanup Team (BCT) Meeting on July
19, 2000.

The objectives and scope of work for the activities described herein are based in part on the
following (as presented in Appendix A):

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

• Letter from TDEC, dated September 12, 2000, regarding conditional concurrence on
Memphis Depot, MI Proposed Plan
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Letter from TDEC, dated September 13, 2000, regarding Memphis Depot, MI
Groundwater Feasibihty Study (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

Originally, information gained from this study was to be submitted as part of the MI ROD.

Since then, however, the ROD has been signed by the Defense Logistics Agency (DLA) and

TDEC, and signature by the U.S. Environmental Protection Agency (EPA) is pending. The

following information has been included in the ROD to address fins pre-deslgn data
collection activity:

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

There is no evidence from the RI and groundwater FS that a DNAPL zs present zn

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

testing prior to beginning the reme&al design. The pre-design tests will include
drilhng new soil borings and monitoring wells at selected locations within the MI

and obtaining soil and groundwater samples for targeted laboratory analyszs. The

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

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

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

of &gn_cant Dzfferences (ESD) or a ROD amendment would be required in
accordance wffh CERCLA _117(c) and NCP _§300.435(c)(2)(i) and (ii)."

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

obtained from this study indicate that the groundwater remedy selected in the MI ROD

requires a significant and fundamental change. All information from this study will be part
of the MI RD submittal package.

The following sections of the document present background information, justification for

pre-RD sampling and testing at the MI LTOAs, objectives of the data collection plan, and
field activity procedures

Background Information

In January 2000, the hnal MI RI Report was submitted and in July 2000, the final MI

Groundwater FS was submitted. Differences between CSMs and implications regarding
potential plume migration led the BCT to re-evaluate groundwater results from the RI and

to request additional testing prior to beginning RD.

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

all stakeholders m September 2000. The approach taken by TDEC was to review the many
"sites" on the MI and determine ff they were LTOAs of hazardous materials, and if there

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

P \;6C492_TASK SA 01 - MI LTOAS_REV FINAL MIDCPWP DOC
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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 BCT regarding locations where LTOA wells are to be installed. The

following excerpt from the agreement summarizes the scope of work:

"At LTOA proposal well locations for the following sztes:
SS66, RI58, RI59, SS37, SS36, SS35, SS83, RI27, SS80, RI34

BCT consensus is -

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

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

intervals. The entzre saturated thzckness will be screened. [This portion of the plan

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

Sampling" section below.

150-[macrograms per liter] #g/L total VOCs wzll be the trigger for completing a

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

ROD) will be to delineate the plume boundary for purposes of implementing
enhanced bioremediation.

Ira potential source of ground water contamination is ident_ed m the vadose zone

during drilling, a well wdl be completed. [Each well is to be a finished well.]

If new wells change the vertzcal or horizontal groundwater flow picture materially,

but no contaminatzon is found exiting the base boundary or downward towards a

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

current proposed remedy wdl still be vahd."

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

on the MI were proposed for potential investigation m 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 additional LTOAs will be

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

• Building T702(NE6)

• Garage and Paint Shop, Building 260

• Automotive Maintenance and Repair Shop, Building 251 (SB1)

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

• Former Drum Storage Area on the south boundary of facility

Pre-RD Sampling and Testing Justification

The RI identified several groundwater plumes of chlorinated volatile organic compounds

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

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

24 momtoring wells (along with 7 plezometers and 7 hydropunch locations) were installed

to test groundwater across and off site of the MI. Many of the potential sources were not

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

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

P \160492_TASK SA 01 - MI LTOAS_EV FINAL MIDCPWP DOC 3 REV_I
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(VOC) contarrunation. The principal contaminants identified in monitoring wells were TCE

and PCE, and associated degradation products. Re-evaluation of the RI testing by TDEC has

suggested that some sites may remain as a source-term (e.g., dense non-aqueous phase
hqmds [DNAPL]) for groundwater contamination. The presence of an undocumented

source-term would have serious tmplications for design and implementation of the selected

groundwater remedy (enhanced bioremedlation) for the MI, as documented in the MI ROD.

Therefore, soil and groundwater at selected locations will be tested to confirm that a source-

term is or is not present at the referenced LTOAs.

As part of the soil and groundwater testing at the LTOAs, additional hydrogeological data
will be collected at each of the locations to better confirm the CSM for the MI. More

specifically, the investigahon will provide ad&tional data to: (1) confirm groundwater flow

directions in the fluvial aquifer across the MI; (2) define the boundary of the 'limited to no

flow 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 portion of the MI. Figure 1A presents the current estimated groundwater

flow patterns in the fluvial aquifer underlying the MI.

Long-TermOperationalAreas

The following are the LTOAs identified for further investigation on the MI. All of the

LTOAs are shown on Figure 2, and each specific LTOA and/or group of LTOAs are

presented in Figures 3 though 12.

I
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LTOA Group LTOA Functional LTOA Description
No. (and Site or Unit

Figure No.) Area

1 (Figure 3) SS35 FU4 Former DRMO Bldg. T-308, Hazardous Waste Storage

SS36 FU4 Former DRMO Hazardous Waste Concrete Storage Pad

SS37 FU4 Former DRMO Hazardous Waste Gravel Storage Pad

2 (Figure 4) RI59 FU2 Former pestmade mixing area (Bldg. 273), located near the
northeast corner of the macbve Golf Course,

R158 FU6 Old pesbclde shop (Pad 267), located directly north of the J-
Street Cafd. Mondonng Well MW-26 is located directly down-
gradient of this LTOA

8S66 FU6 Former vehicle maintenance shop (Bldg. 253). Located directly
north of site RI58

B260" FU6 Former garage and paint shop (Bldg. 260) Located dgectly
northeast of s_te RI58

SBI* FU6 Former auto maintenance and repair shop SB1 (Bldg. 251).
Located directly northeast of B260

SCI* FU6 Former auto maintenance and repaw shop SC1 (Bldg. 265)
Located directly southeast of B260.

3 (Figure 5) SS78 FU5 Former Alcohol, Acetone, Toluene, Naptha, Hydrofluoric Acid
Spdl (Bldg 678)

4 (Figure 6) RI34 FU3 Former Underground Oil Storage Tanks (Bldg 770)

5 (Figure 7) RI27 FU3 Former Recoupment Area (Bldg. 873)

I P_160492_TASKSK01-MILTOAS_REVFINALMIDCPWPDOC 4 REV-01
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LTOA Group LTOA Functional LTOA Description

No. (and Site or Unit

Figure No.) Area

6 (Figure 8) RI32 FU3 Former Palnttng, Sandblasting, and Waste Accumulation (BIdg
1087 & 1088)

SS89 FU3 Former storage of acids, pamts, and cleaning solvents (BIdg
1089)

7 (Figure 9) SS83 FU4 Dried Paint Disposal Area (Bldg. 949)

8 (Figure 10) SS42 FU4 Former PCP Dip Vat Area

SS43 FU4 Former Underground PCP Tank Area

SS80 FU4 Former Fuel and Cleaners Dispensing (BIdg 720)

9 (Figure 11) Bldg 690* FU5 Former Drum Storage Area on the south boundary of the MI

10 (Figure 12) Bldg FU4 Bulldmg T702 (tdentifted as a former paint shop in the U S Army

T702 Topographic Engineenng Center [TEC} Htstoncal Environmental
(NE6)" Aenal Photographic Analysis, dated September 1998)
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• These 5 LTOAs were added per the 30-Oct-O0 letter from TDEC referenced above, upon therr revtew of the U.S Army
Topographtc Engineenng Center _rEC] HJstoncal Environmental Aerial Photographic Analysis of the Main Depot Area South of
Dunn Avenue, dated September 1998.

Objectives of Data Collection Plan

The objectives of the DCP are to complete the following steps and collect the resulting
reformation 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 momtoring well locations to
define contaminant levels in both matrices.

Incorporate the findings into a Technical Memorandum (TM) that will be part of the MI

RD submittal package; the data will be used to optmuze the enhanced bioremediation

rejection points for both the field pilot test and final design.

P\160492_TASKSA01-MI LTOAS_REVFINALMIDCPWPD0C 5 REV_I
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Data Quality Objectives

The data quality objectives (DQOs) detailed below are established to achieve the objectives
outlined above.

DQO No. 01--Confirm Contamination Sources

Qualitative DQO

Confirm that concentrations of chlorinated hydrocarbons reported from the RI and FS are

maximum levels expected in the fluvial and underlying Jackson Formation/Upper

Claibome Group aquifers, and are not indicative of the presence of a source-term.

Pentachlorophenol (PCP) is the chemical of concern (COC) at LTOAs SS-42 and SS-43. The

Federal Maximum Contaminant Level (MCL) for PCP is 1 ,g/L.

No VOC results to date have indicated the potential presence of DNAPL (using the rule-of-

thumb of 1 percent of CVOC saturation). Selected LTOAs within the MI will be tested by

installation of a new groundwater monitoring well that is screened on top of the uppermost

clay unit within the Jackson Formation/Upper Clalbome Group deposits. Table 1 shows the

concentrahons at the 1 percent aqueous solubility for relevant COCs and target analytes at
the MI.

Quantitative DQO

Analyze groundwater from approximately 19 new wells using SW-846 Method 8260B to

evaluate chlorinated hydrocarbon concentrations relative to previous results. Table 2

presents the proposed locations of each of the new monitoring wells. In addition, a

groundwater sample from the area of the former PCP dip vat (sites SS-42/43) will be

analyzed for SVOCs (including PCP) using SW-846 Method 8270C.

Methods to Obtain DQO

Drill boreholes with continuous sarnpimg from land surface to the top of the uppermost

clay unit within the Jackson Formation/Upper Claiborne Group deposits. Collect soil

samples from the borings to characterize soil conditions and lithology, perform field

screening with an organic vapor analyzer (OVA) equipped with a flame ionization detector

(FID), and conduct laboratory analyses (see below). Complete each boring as a monitoring
well, as described in the "Field Actwities Methodology" section below.

Collect groundwater samples and analyze for VOCs and SVOCs (only in the area of the PCP

dip vat), as described in the Methodology section below.

DQO No. 02--Supplement Conceptual Model of Fluvial Aquifer

Qualitative DQO

As stated m the Pre-RD Sampling and Testing Justification section, various reports on the

MI have proposed different CSMs of the fluvial aquifer underlying the north-northwest

section of the MI. New monitoring wells m the fluvial deposits and m the top of the Jackson

Formahon/Upper Clalborne Group deposits will be used to confirm the depth to the water

P _160492_TASK SA.01 - MI LTOAS_REV FINAL MIDCPWP DOC
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table and will supplement currently available information and help define whether a

perched water table occurs locally.

Quantitative DQO

All monitoring wells installed for LTOAs will be surveyed and water levels measured.

Water-level elevations will be tabulated and compared to elevations in nearby fluvial and

Jackson Formation/Upper Claiborne Group wells. Depth to water measurements will be
recorded in addlhonal wells.

Methods to Obtain DQO

As described in DQO Number 1, a hollow-stem auger boring or rotasonic drilled borehole 5

feet into the uppermost clay layer of the Jackson Formation/Upper Claibome Group will be

made with continuous soil sampling. This boring will be completed as a momtoring well as

described in the "Field Activities Methodology" section below.

The ground-surface elevation and top of casing elevation of the wells will be surveyed to
determine groundwater elevations within the wells. Water level measurements will be

made to the nearest +0.01 ft. Depth to water level measurements will also be collected from

existing wells prior to samphng.

Field Activities Methodology

Drilling, monitoring well installahon, well development, and groundwater sampling

procedures will follow methods described below and, where appropriate, within
Appendices B and C.

The methods and procedures presented herein will adhere as closely as possible to

procedures described in the U.S. EPA Region 4 Science and Ecosystems Services Division,

Environmental Investigations Standard Operating Procedures and Quahty Assurance Manual

(EISOPQAM), dated May 1996 (revised in 1997). In addition, 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: Field Sampling Plan Addenda

(CH2M HILL, September 1998)

• Operable Unit 2 Field Sampling Plan (CH2M HILL, September 1995)

• Operable Umt 3 Field Sampling Plan (CH2M HILL, September 1995)

• Operable Umt 4 Field Sampling Plan (CH2M HILL, September 1995)

• Screening Sites Field Sampling Plan (CH2M HILL, September 1995)

• Generic Remedial Investigation (RI)/Feasibility Study (FS) Work Plan (CH2M HILL,

August 1995)

• Hazardous and Toxic Waste Health and Safety Plan (CH2M HILL, August 1995)

• Generic Quality Assurance Project Plan (QAPP) (CH2M HILL, February 1995)

Soil Borings and Soil Sampling

Up to 19 soil borings will be drilled to define local soil conditions, stratigraphy, and

groundwater quality. The proposed locations of the borings are shown on Figures 2 through
12 and described in Table 2, though exact locations may vary slightly based on site access

for drilling. Northing and easting locations for the proposed well locations are provided on

P \160492_TASK SA 0_ - MI LTOAS_REV FINAL MIDCPWP DOC 7 REV_I
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F_gure 2. Estunated depths, total estunated footage for drilling, estimated saturated

thxckness of the groundwater, and recommended drilling techniques for each of the

locations are presented in Table 3. Prior to disturbance of the surface, each boring location

must be thoroughly reviewed for utility locations by contacting Tennessee Utihtles Hotline

(TN One Call) at (800)351-1111. This must be accomphshed at least two weeks prior to
commencement of drilling. Since groundwater flow direction measurements have not been

completed recently within monitoring points located close to LTOAs SS35, SS36, and SS37,

depth to water measurements must be made prior to drilhng at the proposed locations

(Figure 3). The depth to water measurements will be used to triangulate the local

groundwater flow dtrection (see Figure 1A). The replacement of the protective casing for

PZ06 may be necessary to gain entrance for depth to water measurements.

Prior to installation of borings or new LTOA monitoring wells at SS42, SS43, SS-80, and

Bldg. T702, vertical flow measurements will be collected within monitoring well locations

MW-89 and MW-90. The aquifer at MW-89 and MW-90 is approximately 60-feet thick, and
each of these wells were constructed with 30 feet of well screen. Vertical flow

measurements will be conducted using a thermal (or heat-pulse) flowmeter to define if

there is a vertical flow gradient in these long screen wells (see page 12 of the guidance

developed by the U.S. Geologncal Survey [2001] in User's Guide for Polyethylene-Based Passive
Diffusion Bag Samplers to Obtain Volatile Organic Compound Concentration in Wells in

Appendix C). The LTOA wells at SS42, SS43, SS-80, and Bldg. T702 may be installed in the

deeper sand aquifer of the Jackson Formation/Upper Claibome Group and may require

long screen wells (>10-feet of screen). The BCT members agreed at the May 2001 BCT

meeting that vertical flow measurements were not required in the fluvial aquifer, even
though well screens of >10-feet may be used m the LTOA wells installed in the fluvial

aquifer. This activity will take place concurrently with the installation of the LTOA boring

and monitoring wells and will be completed prior to the installation of borings at SS42,
SS43, SS-80, and Bldg. T702.

Also, due to uncertainties related to the presence or absence of groundwater in the fluvial

aquifer under LTOAs SS42, SS43, and SS80 (Figure 10),three borings will be drilled to

ascertain the direction of horizontal groundwater flow and the concentration of

contaminants, if present, within groundwater.

Considerations in determining the drilling technique to be used to perform soil borings and

install wells include availablhty of contractors, cost, and techmcal justihcation. Drilling

experience at Memphis Depot suggests that rotasonic drilling allows for greater precisxon,

which will be unportant for identifying the interbedded clay strata, and generates less

investigation-derived waste (IDW). However, heat is generated during the drilling process,

which could affect VOC concentrations in the soil. In addition, the cost is greater than

conventional drilling techniques and there are no local contractors who provide the service.

Hollow-stem auger drilling has been used successfully at numerous locations across the

site. Hollow-stem auger drilling problems associated with heaving fluvial sands have been

reported with deeper (>100-ft.) wells. To complete this dril}ing effort with as few

geologically related problems as possible, a combination of hollow-stem and rotasonic
drilling is recommended.

Most of the borings for this effort will be advanced using hollow-stem auger driUmg

techmques with a 5-ft continuous core sampler that is advanced along with the augers

P I160492_TASKSA01 - MI LTOAS_REVFINALMIDCPWPDOC 8 REV-01
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(EISOPQAM, Section 12.3.2). The core samples will be collected in plastic sleeves placed

within the core barrel prior to drilling. The core samplers will be capped immediately upon

return to ground surface. Continuous sampling will be conducted at each boring location

from land surface to the bottom of each boring. Headspace field screening (see field

screening SOP in Appendix B) will be conducted over each core using an OVA-FID untrl the

water table m encountered. Soil corresponding to OVA-FID concentrations greater than or

equal to 20 parts per rmllion (ppm) will be collected using EnCore ® Samplers and sent to a

laboratory for analysis; only one soil sample will be collected every 20 feet from soil

associated with the highest OVA-FID concentration greater than or equal to 20 ppm (see

EnCore ® sampling SOP in Appendix B). If no OVA-FID concentrations between the ground

surface and the water table are greater than or equal to 20 ppm, only one soil sample will be

collected just above the water table and sent to a laboratory for chemical analysm.

Soil sampling methods will be similar for those locations where rotasonic drilling

techniques are utilized except that soil cores may typically be longer. Before subcontracting

with a drilling company for this effort, the possibility of using plastic core barrels similar to

that used for hollow-stem auger drilhng should be investigated. The heat of drilling may

also affect the levels of VOCs remaining in the soil and this should be noted in the boring
logs.

An estimated 19 to 38 soil samples may be collected for laboratory VOC analysis.

Previously, CH2M HILL has used analytical services from Columbia Analytical Services in
Redding, California for testing at the MI.

Monitoring Well Installation

As stated by EPA in the May 2001 BCT meeting "all completed monitoring wells not

identified for long term monitoring m the remedial design will be properly abandoned and

will no longer require management by [U.S.] Army." All LTOA monitoring wells to be

installed during this field effort will be installed as finished monitoring wells. When the

remedial design is completed and the selection of wells for long-term monitoring has been

made, all other monitoring wells will be plugged and abandoned according to guidance
presented m Section 6.9 of the EISOPQAM.

Each LTOA soil boring will be completed as a monitoring well. Figure 13 presents an

example well completion diagram for this investigation. Each monitoring well will be

installed usmg 2-inch ID polyvmyl chlonde (PVC), 0.01-inch continuously slotted screen in
10- and 5 ft sections, as necessary, with the appropriate amount of riser. No more than 20 ft

of saturated thickness will be screened in a well installed m the fluvial aquifer. The length
of the screened interval in wells installed in the deeper sand aquifer of the Jackson

Formation/Upper Cla|borne Group will be defined in the field with BCT member approval

pending results of the vertical flow measurements in existing wells MW-89 and MW-90.
Stainless steel well screens will be used m lieu of PVC in areas where DNAPL is confirmed

by field screening or laboratory results. Surface completion of each well will be a flush

mount with a six-inch ID manhole set within a 3-foot by 3-foot by 0.5-foot thick concrete

pad. In addition, each flush mount will have four bollards placed at each corner of the

concrete pad. Each bollard will be painted with high-visibihty yellow paint. In addition,

orange snow-fencing will be temporarily secured around the bollards while construction

activities are underway on the MI. In the period of tune between completion of the well and
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construction of the manhole/concrete pad with bollards, the well will be protected
temporarily with four fence-posts and snow-fencing.

Total length of the screens will depend upon the saturated thickness of the aquifer. Aquifer

thickness will be based on field review of soil samples and, where possible, through the use

of an electronic water-level tape by field personnel. Estimated aquifer thickness' are

presented in Table 3 for each LTOA area. Screens will be placed at the top of the first "clay

layer" noted at or below the bottom of the fluvial deposits. The field geologist will define a

"clay layer" as a unit that is more than 5 feet thick and is composed of clay, sdty clay, or

sandy clay. When a boring is completed into a clay layer, the bottom of the boring should

be filled with bentonite pellets up to the corresponding depth of the bottom of the fluvial
aquifer.

Following installation, all newly installed momtoring wells will be developed m accordance

with procedures presented in Section 6.8 of the EISOPQAM. Development water will be

containerized and tested prior to off-site d_sposal (see "Investigation Derived Waste"
section below).

PotentiometricSurfaceMapping
The ground-surface elevation and top of casing elevahon of the newly installed LTOA

monitoring wells will be surveyed to determine groundwater elevations within the wells.

Water level measurements will be made to the nearest +0.01 ft. Groundwater levels will be

measured in all MI and Dunn Field monitoring wells during the sampling event for the new

LTOA monitoring wells (EISOPQAM, Section 15.8). A revised potentiometnc surface map
for the fluvial aquifer will be prepared identifying groundwater elevations and the inferred

groundwater flow directions.

GroundwaterSampling

Collection of groundwater samples from the new monitoring wells at the MI will occur as

soon as all new LTOA wells are installed and developed. Each of the wells will be sampled

using 2foot long diffusion bag samplers. Diffusion bag samplers allow for collection of

discrete water samples associated with longer screened wells. Diffusion bag samplers
consist of polyethylene bags filled with deiomzed or distilled water, which are lowered into

the well screen interval. The concentration gradient between the VOCs in the well and the

water-filled bag results in diffusion of contaminants into the sampler. Diffusion bag
samplers wrll be used continuously throughout the screened zone of each well; this should

allow for a more accurate representation of the contaminated horizon(s) compared to the

use of a single diffusion bag sampler. Construction, installation, and sampling of the

diffusion bag samplers will follow guidance developed by the U.S. Geological Survey (2001)

m User's Guzdefor Polyethylene-Based Passive Diffuszon Bag Samplers to Obtain Volatile Organic
Compound Concentration in Wells, as found m Appendix C.

All LTOA and existing wells will be sampled for VOCs using diffusion bag samplers except
the LTOA well(s) at sites SS42-43. Historically, PCP was used at sites SS42-43 and, therefore,

groundwater samples will only be collected for SVOC analysis using low flow sampling
procedures developed in EISOPQAM, Section 7.2.2. Before sampling, each well or wells in

the site SS 42-43 area will be purged using a bladder pump (using low-flow, minimal

drawdown techniques) in order to minimize agitation of the groundwater and sample

P \160492_TASK SA 01 - MI LTOAS_REV FINAL MIOCPWP DOC
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turbidfly. Field measurements of dissolved oxygen (DO), oxidation-reduction potential

(ORP), turindity, pH, temperature, and specific conductance will be made every five

minutes. These parameters will be measured using an airtight flow-through cell. Purging

will continue until field measurements are stable according to the following standards: plus

or minus 0.1 pH, plus or minus ten millivolts ORP, plus or minus 3 percent for specific

conductance, and plus or minus 10 percent for turbidity and dissolved oxygen. Wells will

also be sampled using the bladder pump system. The bladder pump will be equipped with
a high-density polyethylene (HDPE) tubing that is lined on the inside with Teflon@. Low-

Flow (Mintrnal Drawdown) Groundwater Sampling Procedures from the EISOPQAM, Sections

7.2.2 and 7.3.3, will be followed along with low-flow procedures from the USEPA, 1996
(Appendix C).

All samples will be preserved as required m Table 4 and will be delivered to a laboratory

within the appropriate holding period. Groundwater samples will be analyzed using SW-

846 Method 8260B or 8270C, as applicable.

In addition to groundwater samples, QA/QC samples will be collected during the field

effort. The QA/QC samples include field duplicates, matrix spike/matrix spike duplicate,

ambient blanks, equipment blanks, and trip blanks. The quantity of QA/QC samples
collected at the site will be in accordance with guidelines in Section 5.13.11 and 5.13.12 of

the EISOPQAM and as presented in Table 4.

The laboratory will apply the EPA CLP analytical methods for the preparation/isolation,

detection, and quantitative measurement of organic target compounds and inorganic target

analytes m water environmental samples. The laboratory will report the results in both hard

copy and electronic format cous_stent with the CLP. Laboratory analytical data will be
validated by a project chemist.

Investigation-Derived Waste

All soil cuttings will be drummed or placed in roll-off boxes, whichever appears to be more

efficient If drums are used, all drums will be labeled and staged within the MI. For

development and purge water, and decontamination water, drums will be necessary. No

drums will be staged off-site, and all decontamination activities will be performed at the

staging area. Representative samples of the IDW will be collected for chemical

characterization needed for off-site disposal. All IDW will be removed for off-site disposal
within 60 days following completion of the field sampling activities.

Logistics

Equipment, supplies, and personnel required to complete the pre-RD testing at the MI will

be mobilized after approval of this DCP. A Site Health and Safety Plan will be prepared
prior to field activities.

A site coordination meeting will be held after the final DCP has been submitted and before

mobilization of the field effort. Participation will include Depot, CH2M HILL, U.S. Army

Corps of Engineers (USACE), Jaeobs Engineering, Inc., Depot Redeveloment Corporation,

and subcontractor personnel. The meeting will include discussions of Depot regulations,

DQOs, held procedures, field schedules, and rewew of the Site Health and Safety Plan.

P \16049_TASK SA 01 - Mf LTOAS'_REV FINAL MIDCPWP DOC
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Schedule

The following preliminary schedule is presented for the proposed fieldwork and

preparation of the final TM.

Task

Submit Draft DCP

Present the Draft DCP to the BCT

Receive Comments on Draft DCP from Agencies

Subma Fmal DCP

Contact Utdlty Locators (Tenn Utfltues Hothne at 800-351-1111)

Mobilize for Field

Install Soil Bormgs, Conduct Field and Laboratory Screening Analyses,

Complete Well Installations and Development

Perform Groundwater Semphng

Conduct Laboratory Analyses of GW Samples

Conduct Laboratory Data Evaluation

Prepare Draft TM

Agency Review

Submit Response to Agency Comments on TM

Submit Fmal TM

Submit Weekly Field Status Report to USACE & BCT and Conduct

Monthly Teleconferences to Discuss Field/Lab Results

Date Completed

May 10, 2001

May 17-18, 2001

May 17-18, 2001

June 6, 2001

June 13, 2001

June 29, 2001

August 4, 2001

August 20, 2001

September 7, 2001

September 14, 2001

September 28, 2001

October 12, 2001

October 19, 2001

October 26, 2001

July, August,
October 2001

September,

P_160492%TASKSA01-MILTOASIREVFINALM[DCPWPDOC 12 REV_I
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TABLE1

Summaryof Concentrationsat the 1 Percent AqueousSolubilityfor RelevantChemicalsof Concern (COC)/Target Analytes

COC Aqueous Solubility at 20°C 1Percent Solubility
(_gJl.) 1 Concentration

(_g¢)

Tetrachloroethene (PCE) 150,000 1,500

Tnchloroethene (TCE) 1,100,000 11,000

PCP Average: 15,333 Average 153

1. SOURCE:(MONTGOMERY,1996)
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TABLE 2

Summary of Proposed New LTOA Sample Locations / Wells, Memphis Depot MI

627 1G

LTOA Site Functional Proposed Sampling Strategy Well Purpose
Site Description Unit

RI59 Pesticide mixing FU2 1 boring/well downgradrent of Achieve LTOA DQO
area, B-273 RI59 to bottom of fluvial deposits

and top of confining clay layer

RI27 Old recoupment FU3 1 boring/well downgradient of Achieve LTOA DQO

area RI27 to bottom of fluvial deposits
and top of confining clay layer

RI32 Paint/sand FU3 Achieve LTOA DQO (also
blastlng/SS31- provides stratJgraphy mformatmn
SS33 needed for the CSM DQO and

supplement models of off site to

on site contaminant plume flow
regime)

I
I

I
I

I

I
I
I

I

I
I

I
I

3 borings/wells downgradrent to
RI31 & SS89 to bottom of fluvial

deposits and top of confining
SS89 Paint, solvent, FU3 clay layer

acid spills area

RI34 Maintenance FU3 1 boring/well downgradlent of Achieve LTOA DQO
shop and UST RI34 to bottom of fluvial deposits

and top of confining clay layer

SS35; DRMO Storage FU4 2 borings/wells downgradrent of Achieve LTOA DQO
SS36, the former DRMO storage area
SS37 to bottom of fluwal deposits and

top of confining clay layer

SS42-43 PCP dip vat/PCP FU4 2 bonngs/wells downgradrent of Achieve LTOA DQO
UST SS42 & SS43 to bottom of fluvial

deposits or top of confining clay
layer or possibly deeper

SS80 Fuel and cleaner FU4 1 boring/well downgradlent of Achieve LTOA DQO
dispenser, B-720 SS80 to bottom of fluvial

deposits and top of confining
clay layer

SS83 Dned pamt/POL FU4 1 boring/well downgradient to Achieve LTOA DQO
dlsposat area bottom of fluvial deposits and

top of confining clay layer

SS78 Bldg 678 FU5 1 boring/well downgradient to Achieve LTOA DQO
bottom of fluwal deposits and
top of confining clay layer

RI58 Pad 267, Old FU6

Pestzc=de shop 1 boring/well downgradlent of Achieve LTOA DQO
RI58 & SS66 to bottom of fluvial

SS66 Veh=cle FU6 deposits and top of confining
Maintenance clay layer
Shop

(10)* Paint Shop NE6 FU4 1 bonng/well downgradient of Achieve LTONDNAPL DQO
(Budding T702) the farmer paint shop to bottom

of fluvial depostts and top of
confimng clay layer

I
I
I P _160492_TASK $A 01 - MI LTOAS_REV RNAL M)DCPWP D0C
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LTOA Site Functional Proposed Sampling Strategy Well Purpose
Site Description Unit

(9)* Drum Storage FU5 1 boring/well downgradtent of Achieve LTONDNAPL DQO
Area the former drum storage area to

bottom of fluvtal depostts or top
of confining clay layer

(2)" Buildings #260, FU6 3 bonngs/wells downgradient to Achieve LTONDNAPL DQO
SB1 (Bldg. 251), bottom of fluvial deposits and
and SC1 (Bldg. top of confining clay layer
265)

* LTOAgroupnumber

627 17
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TABLE3

EstimatedDepth of Proposed New LTOA Sample Locations/Wefts, Memphis Depot MI

627 18
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LTOA Site Functional Estimated Depth Estimated

Site Description Unit (ft bgs)/Estimated Saturated

Total Footage to be Thickness

Drilled (ft)

Pestic=de mixing FU2 110 / t 10 25
area, B-273

RI59

Recommended

Drilling Techniques

Hollow-stem

RI27 Old recoupment FU3 115 / 115 18 Hollow-stem
area

RI32 Paint/sand FU3I

I
blastmg/SS31-
SS33 115 / 345 18 Hollow-stem

SS89 Paint, solvent, FU3
acid spdls area

RI34 Maintenance FU3 125 / 125 21 Rotaeonic
shop and UST

SS35; DRMO Storage FU4 105 / 210 12 Hollow-stem
SS36,
SS37

SS42-43 PCP d=p vat/PCP FU4 115 / 230 12 Hollow-stem
UST (assumes that bottom

of fluvial aquifer is
present at 115 ff bgs)

SS80 Fuel and cleaner FU4 150 / 150 32 Rotasonic
dispenser, B-720

SS83 Dried paintJPOL FU4 100 / 10O 15 Hollow-stem
disposal area

SS78 Building 678 FU5 120 / 120 1O Honow-stem

RI58 Pad 267, Old FU6
Pesticide shop

I

I
I

I
I

I
I SS66 Vehicle FU6

Maintenance
Shop

120 / 120 10 Hollow-stem

I ( 10)" Building T702 FU4 150 / 150 17 Rotasomc
(NE6)

(9)* Drum Storage FU5 110 / 110 10 Hollow-stem
Area

(2)* Buildings #260, FU6 110 / 330 20 Hollow-stem
SB1 (BIdg 251),
and SC1 (Bldg
265)

_LTOA group number

I

I

I
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Grass

LEGEND

Groundwater Flow Oirectson (January 2001 )

• Existing Monltodng Well I Piezometer

LTOA Sampling Location / Temporary Monrto_ng Well

Long Term Operational Areas (LTOA)

,o-. ,o Functtonal Unit Boundary
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SCALE 18APPRCX]MATE

FIGURE 4

LTOA SS66, RI58/59, SB1, Bldg 260, & SCI:
Proposed Sampling Locations
Data Collection Plan

Memphis Depot Mare Installabon

CH2MHILL ._
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l Grass

972 97O

SS89

HY89A

; Grass
.= = MW22

H¥07 •

LEGEND

Groundwater Flow Direchon ( Janua_ 2001 )

• Exrstlng Mondonng Well / Piezometer / Hydropunch

LTOA Sampling Locabon / Tempora_ Monito_ng Well

Long Term Opera_onal Areas (LTOA)

r.,o FunctJonal Unit Boundary

/_/ Base Fealure6

FIGURE 8

LTOA Rt32 & SS89 Proposed Samphng
Locabons
Data Collection Plan

Memphis Depot Mare Installation

CH2MHILL -,
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_K- - - Estimated Groundwater Row Dffecbon
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• ExJsting MonJtodngWell / Ptezometer

O LTOA Sampling Location / Temporary Moratonng Well

Long Term Operational Areas (LTOA)

.,_,** Functional Unit Boundary
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FIGURE 10

LTOA SS42/43/80 Proposed Sampling
Locations

Data Collection Plan

Memphis Depot Mare Installation
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FIGURE 13

Figure 13

Example Well Complebon Dlagxam
LTOA Well Installahon

Main lnstaUahon, Memp]us Depot

IWELL NUMBEMw °

WELL COMPLETION DIAGRAM

SHEET 1 OF 1

LOCATION Memphis, Tennessee

32

I
DRILLING CONTRACTOR

DRILLING METHOD AND EQUIPMENT USED

WATER LEVELS START END LOGGERI

I

I

I

!

I

I

I

I

I

I

I

I

C

Note: Diagram not to scale.

1- Ground elevatR)n at well

2- Top of caslng elevatmn

3- Wellhea0 prot_ cover t/t0e

a) dm_n tube_

b) concrete pad dtmens+ons

4- Dla/type of well casJng

feet MSL

feet MSL

RUSh mount vault

2-inch PVC

0 010 slot PVC

#2 filter sand

5* Type/slot size of screen

6- Type screen fi_er

a) Quantity used

7- Type of seal

a) QuantW used

B- Grout

a) Grout m=x used

b) Method of placement

C) VOl of well casJng grout

Development method

Bentonite pellets

Portland Type I (90%1 and Bentonite

Tremle Method

hourDevelopment t_me

Estimafed purge volume

Comments Grout weight =

Tot6/Depth (BTOC I =

gallons

Ipa/gal
feet

pH =

COnductiv_y = mS/cm

fempemture = • C

I

I P _16C492_JOgSV:Ig 13 x_s
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Appendix A

LTOA Background Information

1. Minutes from the August 23, 2000, BCT meeting regarding BCT review of the Draft
Pre-Design Data Collection Plan for Main Installation (Functional Unit 7)

2. Letter from TDEC, dated September 12, 2000, regarding conditional concurrence on
Memphis Depot, MI Proposed Plan

3. Letter from TDEC, dated September 13, 2000, regarding Memphis Depot, MI
Groundwater Feasibility Study (FS) and MI Soils FS

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

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

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

827 34
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Minutes from the August 23, 2000, BCT meeting regarding BCT review of the Draft Pre-

Design Data Collection Plan for Main Installation (Functional Unit 7)
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MEMORANDUM FOR THE RECORD 23 AUGUST 2000

SUBJECT. Meeting Minutes, BCT Review of the Draft Pre-Deslgn Data Collection Plan

for the Mare Installation (MI).

, The on-board review of the subject work plan was held on 23 August 2000, at the

TDEC Office, Mt. Monah Road, Memphis, TN. The following is the hst of
attendees:

Shawn Philhps, DLA

Turpin Ballard, EPA

James Morrison, TDEC

Brian Deeken, TDEC

Jack Carmlchael, USGS

David Ladd, USGS

Stephen Offner, CH2M HILL

Dorothy Rlchards, Corps of Engineers

Scott Bradley, Corps of Engineers

Jordan Enghsh w/TDEC participated in parts of the meeting.

2. Steve Offner presented an overview of the Draft MI Pre-Design Data Collection Plan.

The Dunn Field Work Plan is a separate work plan, the Dunn Field wells are not shown

m this work plan.

3. Turpm Ballard said that if there are no impacts from the study, the results wall be

folded into the Reme&al Design Package report. If there is a significant change, as

defined by a change in the treatment technology, then an Explanation of Significant

Differences (ESD) would be required. Shawn Phillips asked what type of change would

be considered a fundamental change, thereby requlnng an additional public comment

penod. An example of a fundamental change _s going from treatment to no treatment.

4. Offner said the findings would be documented m a Technical Memorandum to be

included as part of the ROD. The Tech Memo would be finalized in March 2001. Turpin

said that ROD development should continue and review the data, as it is available.

5. Jim Morrison said that he is flexible in the number of wells he has requested. He

beheves that wells can have multiple uses m addressing groundwater issues. He needs to

be convinced that there _s enough data. He sa_d that soil samples can g_ve you a false

negative, based on his experience at Mdhngton; therefore, the lack of CVOCs in the soil

does not mean there is not DNAPL m the groundwater. Later m the day, the history of

the observational approach used during the RI at the MI was discussed when Jordan

English attended a portion of the meeting. The observational approach used by the BCT

was implemented in some areas where operations could have caused impacts to the

groundwater. In these areas soil borings were initially done. lf there were exceedences

of the U.S. EPA Region III "Soil to Groundwater Transfer Criteria" from the Region Ili

Risk Based Concentration table, then groundwater from these areas was further sampled

627 3G
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in a second phase. Morrison's reference back to soil samples giving a "false negative"

was m response to areas that did not go through a phase two round of sampling.

6. Offner discussed Figure 32-9, which shows total distribution of VOCs in subsurface

soil, including the DRMO yard, Former Screening Sites 35, 36, and 37. VOC

concentrations m the soil are in exceedance of the EPA's groundwater protection criteria

This was addressed during phase two RI sampling through PZ 6. Offner recommends a

sampling location down gra&ent to satisfy one of the DQOs, as requested by TDEC. The

general groundwater flow &rection here is SW on both Conceptual Site Models (CSMs),

although Morrison noted that there was a shght difference in flow direction between the

two CSMs. PZ06 is still there. Offner will need to get an answer on the screen interval
of this PZ.

7. Phdhps said that for purposes of getting multiple uses out of one bonng, to sample

when we hit the top of the confining umt clay. Use hollow stem auger with a continuous

sample. A Sudan Dye test will be used to test for DNAPL. If the Sudan Dye test

indicates DNAPL, fimsh the bonng as a shallow well at the clay (Please note that this

approach was revised and discussed per paragraph 20 of these minutes). Move adjacent

to the shallow well and install a deeper well, developing it into confined sand for the

purpose of satisfying the USGS promoted conceptual site model DQO. Is PZ06 fimshed

at the bottom of the fluvial? How thick is the saturated thickness 9 Again, this is the

question Offner was to answer.

8. Ballard said that if a well is not a critical point needed for remedial design, and if there

is no contamination found, then there is no reason to install the deeper well. It was

discussed that a decision tree should be developed to consider the posslblhtles. The tree
should ask if there is evidence of a DNAPL source, and do we need that location for

potentlometric control. Should the well be completed? The question was asked "how

much ad&tlonal cost is needed to install a well, once clay has been tagged." The answer

was significant when future sampling, maintenance, and ultimate well closure is

considered. Ballard said that if the BCT could agree to the logic tree it would save time.

9. Brian Deeken asked if PZ06 was usable. Offner said it was, but it had been dormant,

and the roadbox could not be opened in the most recent water level gauging event in

April 2000. It was initially sampled after it was installed in 1998. Phdhps said that PZ06

could be opened and looked at again.

10. Offner said that an OVA-FID will be used for field screening, and so wall the Sudan

Dye Test. A sample can be sent for a 24 hour turnaround at a local fixed based lab to tell

ff there are indicators of a DNAPL to install a well. The sample collected for off s_te

analysis would be a saturated sample and would be analyzed for SW-846 Method 8260B.

With a saturated sampled analyzed using this EPA method, the presence of a DNAPL, or

even much lower levels of VOCs, would be certain. This would satisfy the DNAPL
DQO.
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11. Ballard asked if any detect should be considered as evidence of a DNAPL Offner

said, for threshold criteria purposes, that a reading of 100 ppm or greater on the OVA-

FID could trigger collection of a sample for lab analysis for VOCs.

12. Jack Carmlchael said that we should target the worst potential sites (as they relate to

the confined sand aquifer) first, because they may have influence on other well locations.

Discussion by the group and USGS included the topic of double casing any deeper well

below the fluvial aquifer. USGS agreed that double casing these wells was the prudent
method. Steve Offner also agreed. Jack Carmlchael and David Ladd stated that the

deeper wells near MW24 and well MW27, and the well cluster SE of wells

MW18/MW38 should be installed first to better define the conceptual site model. Based

on the findings from these wells and the samphng locations downgradlent of the potential

DNAPL s]tes, then additional deeper wells may be needed. Carmlchael and Ladd agreed
that deeper confined wells on the NE, SE and SW portmons of the MI were not needed at

th_s time (see attached matrix for the location of the deeper wells agreed to).

13. The group discussed the southwest corner of the Depot, and the area near sites SS89,

RI32 m great detail. The group agreed that 3 new fluvial wells would be installed m this

area: One along the southern boundary of the Depot between MW22 and MW47; one

well approximately 100' east of bldg 1084; and one well between the southern ends of

bldgs 972 and 970. The wells would be keyed into the top of the confining unit clay (or

rather into the base of the fluvial deposits). The elevation of the clay will be used to help
confirm the CSM.

BREAK.

14. Phillips asked about proceeding with the ROD. He said that we can look at the data

as soon as it _s available, and if it looks like a probable ESD, the ROD is still on schedule.

Deeken said that if the ESD comes after the ROD is signed, that's bad as far as TDEC is

concerned. The point being, if we as a group would have known that the ROD was going

to need a slgmficant change, yet we went ahead and signed the ROD without delay with

knowledge that we would be changing it within a short period of time. He wants to make

sure that the signed ROD has the correct remedy. Turpin Ballard said that data is still

collected after the ROD for remedial des]gn. This data can be included in an ESD.

15. CH2M HILL should be able to moblhze in late September. Turpm Ballard said that

if HILL has all comments today, the next version of the work plan should be a Draft

Final, and would only reqmre checkmg comment responses to finahze.

16. An observational (or phased) approach was used m studying the Mare Installation

during the RI. Ballard asked why we are going back and opening up screening sites that

were formally ehmmated. Momson's point is that soil analytical data can g]ve a false

negatwe to indicate if DNAPL exists and that the groundwater m the area down gra&ent
of these sites was never investigated.

17. The meeting moved to a review of the "Map Legend" sheet of the "TDEC Proposed
Well Locations with DQOs to address Objective 2 of the Mare Installation Pre-remedial
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Design Work Plan" to determine if each site hsted should be considered a Long Term
Operational Area (LTOA). Momson sa]d that for a site to be considered a LTOA ]t must

have operated for a long time, and had significant potential for a release. The results of
the hst are as follows:

• SS46 is to be captured with SS42-43, therefore SS46 drops out; however,

Mornson stated that the new fluwal well had better be located down-gra&ent

of SS42/43, or another well would be required.

• SS69 and TEC90 dropped out and will not be further investigated.

• RI58 and SS66 are to be combined; one fluvial well will serve for both and it
will be installed SW of RI58.

• RI59: Phillips will talk to Jewel Edwards and Jack Kallal regarding past
practices for pesticide usage and the use of solvents as a carrier for the

pesticides.

• SS83: Philhps will talk to Mr. Tmltt about past practices and the type of

hazardous materials used at th_s site. Momson asked why SS83 was sampled.
Scott Bradley said ]t was because _t was a site on the Dunn Field Buned

Materials Map, Drawing 16-4 D.

• SS78 was added based on the concentrations of TCE found m the soil.

• All the other sites (RI27, RI32, SS34, SS35, SS42-43, SS80, and SS89)
remained m the hst.

18. Offner and the COE will review MW25 and MW26 to see ffthey were termanated

into clay, and where the depths of the screened intervals are. Th]s will help to address

RI58/SS66, RI59 and the SE portion of the Depot.

19. Momson stated that he wanted to see each specific s_te shown on a separate map,

and he wanted the whole site to be identified (boundary of site in&cated), not just a dot

on a map. In addition, Momson stated that he wanted the proposed monitoring well

locations shown on these specific maps, not on a Depot-w_de map that does not show the
specific sites, buildings, roads, etc.

20. The wells to be installed near SS42/43 (former PCP &p vat) will be analyzed for

SVOCs. PCP will be used as the ln&cator compound to determine if the groundwater has

been impacted (presence of a DNAPL) from the former operations at the PCP dip vat.

21. At the end of the meeting Philhps and Ballard asked Momson if each LTO area

discussed dunng the meeting (and defined above) required the lnstallat]on of a

momtonng well Phillips and Ballard suggested the soft bonng be initially screened in the

field and a saturated soil sample collected at the top of the confining clay and analyzed at
a fix-based laboratory to determine the presence or absence of DNAPL. If there were no

indication that a DNAPL existed, then no well would be Installed, per Phdhp's and

Ballard's suggestion. The bonng would be grouted and abandoned. Morrison stated that

he wanted to see a groundwater sample collected and analyzed from a well at each of the

referenced LTOA locations. Philhps asked Momson to reconsider the sod bonng/fixed-
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based lab analysis approach suggested to satisfy the DNAPL DQO. Philhps requested

Momson respond to him either Friday or early the following week.

A matrix indicating the sites and the number of new wells/samphng locations (and their

purpose), as a result of the meeting, is attached.

Please, direct any questions or comments to Phillips, 901-544-0617.
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Letter from TDEC, dated September 12, 2000, regarding conditional concurrence on

Memphis Depot, MI Proposed Plan
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SEP-15-2000 12:02 MEMPHIS DEPOT CARETAKER

®
STATE OF TENNESSEE

DEPARTMENT OF ENVIRONMENT AND CONSERVATION
MEMPHIS ENVIRONMENTAl. FIELD OFFICE

SUITE E-645, PERIMETER PARK
2SI0 MT. MORIAH ROAD

MEMPHIS, TENNESSEE 38115-1520

P. 05
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September 12, 2000

Memphis Depot Caretaker
ATTN.' DDSP-FE (Mr. Shawn Phillips, BEC)
21fi3 Airways Blvd.
Memphis, Tennessee 38 ! 14-5210

TDEC/DSF #79-736, cc 452

Conditional concurrence on Memphis Depot, Main Installation Proposed Plan, as
a response to Depot's commitment letter, dated August 8, 2000.

Dear Mr. Phillips:

The Tennessee Department of'Environment and Conservation (TDEC), Division

Superfund (DSF), Environmental Assistance Center Memphis (EAC-M'), has received the

above referenced communiqu6 received in this office on August 14, 2000.

For clarification purposes, TDEC conditionally concurs with the preferred remedial

alternative selection based on the following caveats:

, A Pre-Remedial Design Work Plan must be completed and implemented before

the Record ofDecision issigned This work planisto adequatelyaddress data

gaps noted inthe Main InstailationGroundwater RI/FS, The two primary

objectivesof thiswork planarc:

A.) Acquire sufficienthydrogeologicand environmental data necessary to .

refinethe Groundwater Conceptual Model with high degree of

certainty.

B.) Acquire sufficient hydrogcologic and environmental data down-

gradient and proximal to Long Term Operational Areas, and areas

with known VOC soil contamination on the Main Installation.

These two objectives should provide the data necessary to confirm and optimize

the preferred remedial alternative.

. lfthe data acquired, as a result of the Pre-Remedial Design effort, is consistent

with groundwater contaminant levels previously identified on the Main

Installation, then the preferred remedial alternative should be sufficient, with only
minor modifications

_q



I
I

I
I

I
I

I

I

I
I
I

I

I
I

I
I

I

I

I

SEP-15-2000 12:03 MEMPHIS DEPOT CARETAKER P. 86

627

If, on the other hand, the data indicates there is a potential for DNAPL to be

present, or if there is a potential for contaminants to be mi_-atin 8 offsite or into

the Memphis Sand aquifer, then the preferred remedial alternative may need to be

modified significantly.

Ifyou have any questionsor requireclarificationpleaseme callat(901) 368-7958.

• Very truly yo_s_.

_ W. Morrison

State BCT Representative to DDMT
Assistant Manager DSF EAC-M

Tennessee Department of Environment and Conservation

c: TDEC/DSF, NCO - file

TDEC/DSF, EAC-M - file

Turpin Ballard

United States Environmental Protection Agency

Region IV, Waste Management Division

61 Forsy_h St.
Atlanta, GA 30303
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Letter from TDEC, dated September 13, 2000, regarding Memphis Depot, MI

Groundwater Feasibility Study (FS) and MI Soils FS
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SEP-15-2800 12:81 MEMPHIS DEPOT CARETAKER

@
STATE OF TENNESSEE

DEPARTMENT OF ENVIRONMENT AND CONSERVATION

MEMPHIS ENVIRONMENTAL FIELD OFFICE

SUITE E_4S, PERIMETER PARK

2510 MTo MORIAH ROAD

MEMPHIS, TENNESSEE 3811_1520

P.03
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September 13, 2000

Mcmphis Depot Carmaker
AI IN,: DDSP-FE (MJ. Shown Phillips, BEC)
2163 Airways Blvd.
Memphis, T_anessce 3$ l 14-5210

RE: TDEC./DSF #79-736,cc 452

Memphis Depot,Mmn InstallationGrouadwalerFeasibilityStudy July2000.

Memphis Depot,Mare InstallationSoilsFcaslbilityStudy,July2000.

Dear Mr Phillips:

,The Tennessee De'par_cnt of Environment and Conservation (TDEC), Division of Supcffund
(DSF), Environmental Assis?.ance Center Mempkis (EAC-M'), has reviewed the above-referenced
documents, r_ccived July 3.2000.

As verbally commumcated in our Iuly BCT Meeting, TDEC accepted the July 2000 Ma_
Installauon Soils Feasibility Study as final.

Also, as verbally commumcatcd in our July BCT Meeting, TDEC ¢ond/tionally accepted the luly
2000 Mare Installation Oround Water Fe,_sibility Study as final so long as:

1, Adthtional transmon language and graphics were incorpor=*-d explaining the

conceptualmodel variancefrom thatnotedinthe originalRL
2. A commitment letterfromDDMT was senttoTDEC thatassuredus thatadditional

Main Installationmonitoringwellswould be installedtore.solveremaining
groundwater issues as noted in the JulyMeeting

TDEC has received shp-pagcs to resolve the first condiuon, and the commttmcnt lcttar to _dd.'css

the second condiuan Curremly the Prc-Rem_ial Design Work Plan for the Main Installation is
being generated and revised to assist m the effort to resolve thdse rcrrmining groundwater issues

Thts shah serve as TDECs offictal acceptance of these documents as final

4G
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SEP-$5-2080 12:82 MEMPHIS DEPOT CARETAKER

If you have any questions or n:quire clarification please me call at (901) 368-7958

ly yours,

James W. Morrison \

State BeT R_resentativ¢ to DDMT
Assistant Managcr DSF EAC-M
Tennessee Department of Environment and Conservation

C; TDEC/DSF, NCO - file

TDEC/DSF, EAC-M - ill-"

Turpm Ballard
United Sta_cs Environmental Prot_'tion Agency

Region IV, Waste Management Division
61 Foz_y_hSt.
Atlanta,OA 30303

P. 1_4
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Agreement between BCT Members for the MI pre-design resolution, dated September 21,
2000
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Main Installation redesign resolution of dispute at staff level - September 21, 2000

At LTOA proposal well locations for the following sites

SS66, ILI 58, R1 59, SS37. SS36, SS35, SS83, K127, SS80, KD4

BCT consensus is -

We will use temporary wells at these locations. Groundwater sample will be collected with the

diffusion samplers at a frequency of one per $ feet of screened intervals. The entire saturated

thickness will be screened.

150-ug/L total VOC's will be the trigger for completing a well. Phase 2 design (Post ROD) will

be to delineate the plume boundary for purposes ofimplementins enhanced bioremediation_

Ifa potential so_ce of ground water contamination is identified in the vadose zone during

drilling, a well will be completed.

If new wells change the vertical or horizontal groundwater flow picture materially, but no

contamination is found exiting the base boundary or downward towards a lower aquifer, the

information would focus the placement of sentinel wells, but the current proposed remedy will

still be valid.

Turpin Ballard
Remedial Program Manager
US Environmental Protection Agency

(404) 562-8553

BRAC Environmental Cordinator

Memphis Depot Caretaker Division

(901)544-0617

Tennessee Depeatuiem of Environment and

Conservation (TDEC)

(901) 368-7958

TOTAL P,04
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Letter from TDEC, dated October 30, 2000, regarding additional MI Pre-RD wells
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October 30, 2000

Memphis Depot Caretaker

ATTN.: DDSP-FE (Mr. Shawn Phillips, BEC)
2163 Airways Blvd.
Memphis, Tennessee 38114-5210

RE: Additional Mare Installation Pre-Remedial Design Wells
TDEC/DSF #79-736, cc 452

Dear Mr. Phillips:

As you are aware, the Tennessee Department of Environment and Conservation (TDEC),

Division Superfund (DSF) identified Long Term Operational Areas (LTOA) on the Main

Installation that needed proximal down-gradient monitoring wells Installed. The primary

purpose of these wells is to assist m the optimization of injection points for the preferred

alternative noted in the Proposed Plan. In addition, these LTOA wells will help to

resolve numerous other ground water issues at this facility.

At the August 2000 BCT Meeting, TDEC identified 15 LTOA needing proximal down-

gradient monitoring wells. In our August 2000 BCT working meeting, 5 of these well

locations were agreed upon. In our September 21, 2000 meeting the other 10 LTOAs

were dmscussed and are to be addressed via temporary wells. I will not reiterate the

specifics of this agreement, as we have already signed off on it.

In researching the l-hstorical Enwronmental Aerial Photographic Analysis of the Main

Depot Area South of Dunn Avenue, September 1998 Report, TDEC noted that there are

addttlonal LTOAs needing proximal down-gradient wells installed. These LTOAs are:

1.) Paint Shop, Building NE6 - (Ref. Figures 1,2,4,5,6,&7),

2.) Garage & Paint Shop Building 260 - (Ref. Figure 3),

3.) Automouve Maintenance and Repair Shop, Building SB1 - (Ref. Figure 3),

4.) Automotive Maintenance and Repair Shop, Braiding SC1 - (Ref. Figure 3),

5.) Drum Storage Area on the south boundary of facility (Ref. Figure 3)
(All references are from the above noted document.)

For clarification purposes, a proximal down-gradient monitoring well is one that is within

100 to 200 feet of a site, and that is reasonably within the flow path of the contaminant of

concern. Because different chemicals have &fferent coefficients of dispersion, and

627 51
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because preferential flow is also a controlling factor in contaminant transport, there are

no set numbers for a degree arc. However, at a d_stance of 100 to 200 feet from a point

of release, the variation from true down-gra&ent can be projected based on a chermcal's

historical plume configurations within the Memphis area. This variance is to be &scussed

by the BCT and USGS as data comes in.

In order to insure that wells are placed as close to true down-gradient as possible,

momtonng wells that are reasonably close to the LTOAs should have their heads read

prior to installauon. If there are no reasonably close wells to a LTOA, then the temporary
well's head should be used to venfy that the location is adequate before it is sampled or

installed as permanent.

Lastly, m order to obtain the environmental data necessary for decisions purposes, and

because these may only be temporary wells, TDEC will be collecting samples on t_ghter

intervals than what is proposed by DLA.

If you have any questions or reqmre clarification, please me call at (901) 368-7958.

Very truly yours,

James W. Momson

State BCT Representatxve to DDMT

Assistant Manager DSF EAC-M

Tennessee Department of Environment and Conservatmn

C_ TDEC/DSF, NCO - file

TDEC/DSF, EAC-M - file

Turpm Ballard
United States Environmental Protection Agency

Region IV, Waste Management Division

61 Forsyth St.

Atlanta, GA 30303
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Minutes from the January 18, 2001, BCT meeting regarding LTOA wells
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FINAL

BRAC Cleanup Team

Meeting Minutes

January 18,2001
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Attendees !

BRAC Cleanup Team

John De Back (interim)

Turpin Ballard

James Morrison

Organization Phone

Defense Logistics Agency (DLA)/ (901) 544-0622

Memphis Depot Caretaker Division

(Depot)

Environmental Protection Agency, (404) 562-8553

Region IV (EPA)

(901) 368-7958Tennessee Department of Environment

and Conservation, Memphis Field

Office, Div,sion of Superfund (TDEC)

Project Team

Mike Dobbs Defense Distribution Center (717) 770-6950

Paul Galiotto

David Ladd

Defense Distribution Center (717) 770-4476

U.S. Geologic Survey (615) 837-4773

Denise K. Cooper Depot (901) 544-0610

Jack Kallal Depot (901) 544-0614

Dorothy Richards Corps of Engineers (256) 895-1463

John Rollyson Corps of Engineers (931) 455-6771

Peggy DuBray Corps of Engineers (931) 454-6630

Robert Torstrick Corps of Engineers (256) 895-1512

Rick Bowlus U.S. Army Center for Health (410) 436-5208
Promotion and Preventive Medicine

Stephen Offner CH2M Hill (770) 604-9182

David Nelson CH2M Hill (770) 604-9182

Kraig Smith Jacobs/Sverdrup Engineering (615) 331-9232

Trevor Smith Diggins Frontline Corporate Communications (888) 848-9898

Alma Black Moore Frontline Corporate Communications (901) 573-1812

Frank Johnson UXB International (703) 625-3792

Review of Previous Meeting Minutes

The BCT discussed and signed the December 19 - 20, 2000 meeting rmnutes.

Review of Project Status

Land Use Control Assurance Plan (LUCAP)/Land Use Control Implementation Plan (LUCIP)
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FINAL

Long Term Operational Area (LTOA) Monitoring Wells Discussion

Addendum

To

Final January 2001 BRAC Cleanup Team Meeting Minutes
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627 _7 FINALADDENDUMTOJANUARY2001BCTMEETINGMINUTES

Attendees

BRAC Cleanup Team Organization Phone

John De Back (interim) i Defense Logistics Agency (DLA)/ (901) 544-0622

Memphis Depot Caretaker Division

Turpin Ballard (404) 562-8553

i

i

James Morrison

Environmental Protection Agency,

Region IV (EPA)

Tennessee Department of Environment

and Conservation, Memphis Field

Office, Dwision of Superfund (TDEC)

(901) 368-7958

Project Team

Dorothy Rlchards US Army Engineering and Support (256) 895-1463
Center, Huntsville

David Nelson CH2M Hill (770) 604-9182

Stephen Offner CH2M Hill (770) 604-9182

i

I
I

i
I

I
Long Term Operational Area wells

The BCT discussed the need for additional diffusion sample data for the temporary LTOA wells. Mr. Momson

requested that more diffusion samplers be placed m the temporary LTOA wells, and that CH2MHdl sample them
instead of TDEC The need for addluonal diffusion samples would be based on the saturated thickness of the umt

(e.g. a temporary well with a 10'saturated thmkness would have a rmmmum of 4 - 2"diffusion samplers hung in
them). Because these LTOA wells are proposed as temporary, sufficmnt data is needed to be acqmred dunng a one-
time samphng event m order to estabhsh a representative baseline of LTOA sLtecondition. Mr. Deback agreed to
this approach because it would ehrmnate the need to revisit the wells with multiple rounds of samphng ff
contarmnant levels in these temporary LTOA wells turned out to be consistent with contarmnate levels (150 ppb)
already detected on the Mare Installatmn In addmon, by hawng CH2MHdl collect these samples, TDEC would not
need to sample these wells as intensely as prewously discussed, there by saving time and resources.

SIGNED 3/8/01

JOHN DE BACK

Memphis Depot Caretaker Dwision
Interim BRAC Environmental Coordinator

DATE

SIGNED 2/29/01

TURPIN BALLARD

Environmental Protection Agency

Federal Facilities Branch

Remedml Project Manager

SIGNED

DATE

2/29/01

JAMES W MORRISON

Tennessee Department of Environment and Conservation

Divismn of Superfund

BRAC Cleanup Team member

DATE
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Mr. John De Back provided Mr Turpm Ballard and Mr. Jim Morrison latest LUCAP proposed by Army
Base Transition Team Mr. Ballard and Mr Morrison provided initial comments. Since the document

differed from the draft previously submitted, their respective legal departments would review and provide

comments. Mr. De Back agreed to send the proposed LUCAP to their respective legal representatives
and to coordinate a conference call or meeting for the first part of February to discuss their comments.

The BCT discussed the tinung for submitting the LUCAP and the Main Installation Record of Decision

(ROD) for signature The ROD could be sent separately from the LUCAP, but Mr Ballard indicated the

need to discuss the signature process if the LUCAP was not submitted simultaneously with the ROD with
his supervisor.

Mr. De Back indicated that the Defense Logisucs Agency, through the Defense Distribution Depot
Susquehanna, PA, would sign the ROD, but that the Army would sign the LUCAP.

Findings of Suitability to Transfer (FOST) and Environmental Condition of Property (ECP) for
Parcel 1.8

Mr. De Back discussed the Finding of Smtability to Transfer for Parcel 1 currently being drafted and the

need to change the ECP for Parcel 1.8 to a transferable category Ms. Denise Cooper prowded sampling
data and the Main Installation Remedial Investtgatlon (MI RI) baseline risk assessment (BRA)
conclusion for Functional Unit (FU) 6, which contains Parcels 1, 4 and 5. The BCT discussed the BRA
for FU 6 as well as Parcels 1 and 4.

The BRA concluded that FU 6 was suitable for industrial reuse The residential surrogate site that

indicated restricted use was located in Parcel 4. Parcel 1 was used in the past for admimstrative and

employee parking purposes and does not contain any long term operational areas. The MI RI results

indicated levels are not inconsistent with unrestricted use. The BCT agreed that a hazardous substance

release occurred as a result of pesticide apphcation during routine grounds maintenance, but not at

concentrations that require remediation. The BCT concurred that Parcel 1.8 change from ECP Category
7 to Category 3.

The BCT then discussed methods available to transfer property situated over groundwater contamination.
Mr. Morrison agreed to provide Milhngton's CDR to Mr. De Back. The BCT then discussed the transfer
strategy and schedule for the Main Installation and Dunn Field.

Defense�State Memorandum of Agreement (DSMOA)

Mr. Momson requested assistance from the Memphis Depot in completing the state's DSMOA funding

request Mr. Mike Dobbs agreed to complete the state's required funding form and submit it to Mr.
Momson.

Restoration Advisory Board (RAB) Planning

Ms Cooper presented a draft RAB meetmg presentation/topics schedule for the BCT's review and

comment. The BCT agreed to provide Revision 1 documents, starting with the Dunn Field Remedial

Investigation (RI), on CD-ROM to each RAB member in order to begin presenting the findings at RAB
meetings before finalizing documents.

The BCT discussed the issue of bi-monthly meetings and draw down of the RAB and agreed that it
should be included on the topics schedule for d_scussion with the RAB toward the end of 2001. The BCT

agreed that meetings should be cancelled if there was not sufficient technical information for a

presentation, for example in the spring of 2001 before issuing the Revision 1 Dunn Field RI. The BCT

agreed that the schedule should be updated to reflect any cleanup program schedule changes and
presented to the RAB for their input. Ms. Cooper would update the schedule, and Mr. De Back would

subnut it for DDC approval prior to distributing it to the RAB before the February RAB meeting. Mr. De

Back would provide the approved schedule to the appropriate contractors tasked with preparing the
presentations.
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Long Term Operational Area wells

Mr. Morrison asked when the wells would be installed and sampled, as he must provide his lab a

timeframe to expect samples. Mr. Offner indicated the wells should be installed by the end of February

2001. Sampling results would be presented to the BCT in the Main Installation Pre-Deslgn tech memo
and that it would be separate from the Conceptual Site Model tech memo. Mr. Offner would update the

project schedule to include the document review schedule for both tech memos.

Dunn Field Interim Remedial Action for Groundwater

Mr. Kraig Smith reported that Jacobs/Sverdrup Civil had mobilized the last week of October 2000 to
modify the seven existing wells and to bring the four new wells on hne. They replaced the insulation and

thermal wrap on the existing wellheads with heated stainless steel housings and restarted the original
wells m November 2000. Mr. Smith reported that he was waiting for dehvery of specially designed and
manufactured flow control valves and that the manufacturer's delivery schedule had slipped due to

production problems Once he received the flow controls values, it would take about one week to install
and restart the four new wells and to conduct the start-up tests. Mr. Smith indicated that the project was

essentially completed with exception of the flow control valves and actuators, but that he still anticipated

having all wells on line by end of January 2001.

Mr. Ballard asked about the shut down and restart procedures, and the project team discussed the

reasoning behind the restart procedures discussed at the September 2000 BCT meeting. Mr. Ballard
recalled that the entire system would be shut down for one week with all 11 wells coming back on line at
same time. Mr. Ballard asked that Mr. Smith check the September 2000 BCT meeting minutes to verify

the procedures on which the BCT had agreed.

Dunn Field Remedial Investigation Work Plan Addendum H Field Work

Mr Offner presented draft analytical results of the diffusion bag samples collected from the new
monitoring wells installed on and off Dunn Field to address the potential dense nonaqueous phase liquid

(DNAPL) issue identified in MW70. CH2m Hill hung the bags in the monitoring wells around December

13, 2000, and removed them January 8, 2001. The BCT then discussed the findings.

Mr. Offner reported that the results showed levels of the trichloroethene and tetrachloroethene

breakdown products indicating that natural attenuation was occurring. Mr. Offner also reported that

fairly Ingh 1,1,2,2 PCA concentrations on Dunn Field appear to be migrating off site m a fairly narrow
area following a preferential pathway instead of spreading out m a plume. Mr. Offner presented

additional data that indicated particular zones along the screen length of each sampled well tend to have

higher concentrations than other zones in the same well(s) and this, as a result, may allow for future
investigatmns to focus on the same zoned within the screened area of other wells. A point of focus for the

Dunn Field Feasibility Study (FS) would be the remediation of the preferential pathway of contaminant

migration.

Mr. Ballard reiterated the need for vapor flux calculations in Dunn Field baseline risk assessment and
indicated that the Dunn Field Feasibility Study should include off site remediation. Mr. Offner suggested

that diffusion bag sampling be incorporated into the groundwater O&M plan.

Mr Offner also recommend collecting diffusion bag samples from MW79, a recently installed

downgradient well, as there was a data gap in that area, and that the data be incorporated into the Dunn
Field Remedial Investigatmn (RI). Mr. Offner indicated this would cause a 60-day delay in the project
schedule The BCT concurred that CH2M Hill would collect the additional data for use in the Dunn

Fmld RI and would update the project schedule to include the 60<lay delay.

Mr. Ballard suggested that CH2M Hill produce a cross section from MW73 to MW79 and to include the

appropriate sampling data on the cross section. Mr. David Ladd suggested that CH2M Hill keep a

watchful eye on MW40 due to the absence of a clay layer there Mr. Ladd continued that if sampling
results md_cated unacceptable levels at MW79, then a monitoring well or piezometer should be installed
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between MW79 and MW40 to determine the edge of the "hole" (indicated by lack of clay at MW40) for
monitoring purposes

Mr Offner continued that the samphng results indicated an area on site that the Dunn Field FS would

evaluate for source remediation Sampling results also indicated an area of groundwater that had moved

beyond the capture area of the extraction system that the Dunn Field FS would evaluate for off site

groundwater remediation. Soil samphng results found no evidence of nonaqueous phased liquids in the

soil column, but groundwater sampling results indicated potenual for DNAPL to be present in MW73
that was) installed in the source area of Dunn Field According to Mr. Offner, the BCT had discussed

this area and the possibility of incomplete capture between recovery wells (RW) 4 and RW5. Based on

the sampling information, Mr. Offner indicated incomplete capture between these two recovery wells
was quite posstble.

Mr. Morrison asked if the screening approach proved to be valid for determining the need for sampling,
and the BCT discussed the correlation of screening results to sampling results. Mr. Ballard requested

that the Dunn Field RI include a discussion of the correlation between screening results and sampling
results.

Dunn Field Feasibility Study Scope

Mr. Morrison asked if CH2M Hill had evaluated whether there was enough data to support unrestricted

reuse of the eastern half of Dunn Field and, if not enough data, had identified what was necessary to

support unrestricted reuse. Mr. Offner would coordinate with Dr. Mylavarapu and emad a response to
the BCT on January 23. Mr. Ballard indicated he should look at the eastern half of Dunn Field with the

excepuon of the p_stol range. Mr. De Back requested that Mr. Offner's response include the boundaries
of areas identified for unrestricted reuse Mr. Offner indicated that the boundaries would be the

boundaries of the exposure units. Mr. Ballard opined that the goal was to identify the smallest area that
would require use restrictmns.

Update of Conceptual Site Model for Dunn Field and Main Installation

Mr Morrison asked if CH2M Hill had coordinated with Mr. Ladd regarding the need for deeper wells off
site at east end of Dunn Field. Mr. Offner indicated the request was for a shallow well to include in the

O&M plan that would prowde Waterways Experiment Station a boundary condition at the southeast
corner of Dunn Field, nested with existing deep well MW36.

Mr. Offner and Mr. Ladd then discussed whether transducers were needed in the deeper wells to show

flux/relationship between the extraction system, the confined/semi confined aquifer and Memphis Sand.

USGS data for MW32 and MW34 did not indicate any relationship between the fluvial aquifer above the
clay and the lower sands. The BCT discussed whether to concentrate on the effect of the extraction

system within the fluvial aquifer or to collect transducer data from the lower sand to deternune what

effect the extractmn system was having, ff any. Mr. Ladd indicated there was no need for deeper well
transducers to monitor impact of extraction, as there were similar transducer trends in the confined sand

and Memphis Sand aquifers, but they were different from transducer trends in the fluvial aquifer.

O&M Plan for 3_ Year of System Operation

Mr. Offner dlstnbuted the draft O&M plan addendum and indicated that Jacobs/Sverdrnp Civil would

prowde future addendums. Mr. Ballard requested, and Mr. Offner agreed to update the O&M plan and
provide it to the BCT on CD-ROM. Mr. De Back asked if the Jacobs/Sverdrup contract included these

latest sampling requirements. Mr. Rollyson indicated the Corps was working the issue and requested

BCT approval of the draft O&M plan addendum to ensure contract modified correctly. The BCT agreed

to try and provide response later in the day Mr. Ballard requested that contracts for O&M should

include provision to quickly incorporate trend analysis recommendations. Mr. Rollyson indicated that
future contract modification would not be a problem as Jacobs/Sverdrup was not responsible for the
O&M plan.
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Ms. Cooper reported that she had contacted Mr. Akil Al-Chokhachi of the city of Memphis treatment
works and had forwarded the request to modify the discharge agreement data. She was awaiting a

response from Mr AI-Chokhachi.

Mr. Morrison asked if the draft O&M plan addendum included "contamination mass removed"

calculation. Mr. Offner responded that the monthly operations report required in the O&M plan included
contamination mass removed from the total system effluent for the month as well as a total, and Mr.

Ballard requested that the total include results from the beginning of extraction system operations.

CWM Update

Mr. Frank Johnson reported that UXB had completed work at Sites 1 and 24A and had started work at
Site 24B. He continued that during the preliminary sampling to better define the removal area at Site 24B

the first geo probe detected decontaminating agent. Excavation had removed 9 cubic yards (cy) of dirt

containing low concentrations of mustard that was being shipped to Nebraska for disposal (incineration)

Approximately 240 cy of soil contamlng the degradation products thloxane and dithlane was to be

shipped to Millington for treatment (fixation/solidification).

Mr. Johnson continued that they were very confident that they had found the neutralization pit.

Currently, UXB was removing the overburden, which was uncontaminated, to prevent cross

contamination and to provide a slope down to the excavation area for big machinery. Edgewood

Chemical Biological Center tested the soil before removmg it from the vapor containment structure

(VCS). UXB placed soil containing mustard in 1 cy fiber boxes lined with 6 rail plastic, and the plasnc

is sealed shut with tape, so the box and soil would be incinerated together, no double handling to remove

dirt from container prior to incineration. Two VCSs had been constructed, one over the work area and

one to stage the fiber boxes and soil awaiting disposal.

The BCT asked about sampling results, and Mr. Johnson responded that TCLP analysis was performed

on overburden soil samples to determine if it must be disposed of or, if clean, could be returned to the

excavation. The disposal facility would perform TCLP analysis on soil known to contain mustard or by

products. The after action report would contain sampling results. Per Mr. Shawn Phillips' instructions,

soil containing foreign material/debris such as broken china was not returned to the excavation. Mr.

Johnson indicated that he had requested, and received, approval from the city of Memphis treatment

works to dispose of investigation derived waste water containing phosphates/soaps that was used to

decontaminate workers' protective clothing (not involved in a ring off).

Mr Johnson asked for permission to move the mounds of sod that were waiting for TCLP analysis

results from the current location to one of the stockpile pads. He indicated the soil was placed on

visquene and then covered with visquene, so there was no rain leaching through. UXB maintained the
covers and daily activities included an inspection of the covers. Mr. Johnson reported that overburden
dirt that could not be returned to the excavation based on the TCLP results would be removed no more

than 5 days after receipt of TCLP results. The BCT agreed. Mr. De Back requested that UXB use one of

the centrally located stockpile pads and reminded Mr. Johnson of the dust control requirements that must

be maintained during dry months if trucks must leave the road to load out Mr. Johnson indicated that the

project completion date depended on the full extent of the neutralization pit, but was tentatively set for

May 7.

The BCT approved of UXB's IDW storage: fiber boxes with soil containing mustard stored in VCS #2;

soil containing byproducts on visquene with a visquene cover on a stockpile pad; overburden awaiting

TCLP on visquene with a visquene cover on a stockpile pad. Mr. Banard and Mr. Morrison agreed to

visually inspect current storage after the meeting.

Mr. Offner reported that CH2M Hill had collected samples for TCI.,/TAL analysis and that results had

not indicated a source area, so no excavation had been reqmred to remain open in order to manage
hazardous waste issues.
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Main Installation Record of Decision

Mr. Offner reported that CH2M Hill had &stributed Revision 1 ROD to the Defense Logistics Agency
and the BCT for revzew and comment by January 31. The BCT discussed how the ROD should address

the LUCAP and would focus their ROD review on the current LUCAP language and provide comment by

January 31. Mr. Offner also asked Mr. Morrison to focus his review on the required resource damage
statement as well as its placement within the ROD

Mr. Ballard initiated a discussion of the fence between in the golf course and the residential areas on and

off the facility that was included in the selected remedy for the Main Installation. Mr. Ballard indicated

that there was no need for a fence separating the golf course from the industrial area. Mr. De Back

indicated the land use control apphed only to the golf course. The land use control would provide for
limtted access to the golf course, so the fence should be specific to the golf course and not to the entire

facility perimeter fence. Mr. Offner reported that the ROD included a fence around the golf course, only.

Mr. Ballard then asked about the fishing/swimnung restriction in the selected remedy since it was not

necessary from a risk based perspective. The BCT agreed that the ROD contain only those restrictions

that were required for risk management and discussed how to delete the fishing/swimming restriction

from the ROD. Mr Ballard mdicated that Revision 2 ROD contain an ExplanaUon of Sigmficant

Differences section Mr. Ballard agreed to work with Mr. Offner on the necessary language.

Documents in Electronic Format

The BCT agreed that all contractors should provide all documents from Revision O through Revision 2
(final) on CD-ROM in Adobe pdf format and that each CD-ROM should include Adobe Reader software.

The BCT also agreed that contractors should provide hard copies for Revision 1 and Revision 2 (final)
documents to be placed in the information repositories. Mr. Offner reiterated Mr. Ballard's earlier

request that the cover letter be included on the CD-ROM cover. The BCT agreed that the current cover

template be used for all future submittals. Mr. Offner will provide the cover template to Jacobs/Sverdrup
and UXB.

Mr. De Back indicated the Depot would determine the number of CD-ROM and hard copies that were
required and provide the information to Ms. Richards and Ms. DuBray

SIGNED 2/23/01
JOHN DE BACK

Memphis Depot Caretaker Division
Interim BRAC Environmental Coordinator

DATE

SIGNED 2/15/01
TURPIN BALLARD

Environmental Protection Agency
Federal Facilities Branch

Remedml Project Manager

SIGNED

DATE

2/27/01
JAMES W. MORRISON

Tennessee Department of Environment and Conservation

Dwision of Superfund

BRAC Cleanup Team member

DATE
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Standard Operating Procedure for Collecting Soil

Samples for Volatile Organic Compounds

TO:

COPIES:

U.S. Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)

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

Tennessee DeparLu_ent of Environment and Conservation (TDEC)

FROM: CH2M HILL

DATE: May 5, 2000

Standard Operating Procedure

Ttus memorandum describes the use of an EnCore sampler to collect a discrete sample aliquot
to be analyzed for volatile organic compounds (VOCs).

Collecting Soil Samples

1. Place latex gloves on hands for protection and to prevent cross-contaminabon.

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

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

4 Place the core device into the T-handle.

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

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

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

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

9. Remove excess soft 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. Label and reseal m the original package.

12. Place into cooler with wet ice for stupment.

I
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Standard Operating Procedure for Soil Headspace Field

Screening Using an OVA/FID at the Memphis Depot

TO:

COPIES,

U.S Army Engineering and Support Center, Huntsville

Memphis Depot Caretaker (MDC)

U.S. Envlron.rnental Protection Agency (USEPA), Region 4

Tennessee Department of Environment and Conservation (TDEC)

FROM: CH2M HILL

DATE' September 28, 2000

This memorandum describes the use of the Orgamc Volatile Analyzer (OVA)/Flame Ionization

Detector (FID) headspace method for performing field soft screening at the Memphis Depot in
assooation with the use of continuous soft samplers with soil core liners.

Collecting Soil Samples

1. 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 foot core soil sampler and extract the two 2.5-foot clear soft core liners and

cap each end of the liner. Label the top and bottom of each liner with the associated

depths and boring ID.

4. Visually and physically characterize the soft core by collecting small samples from each

end of the liner remembering to only remove the end caps briefly to prevent

volatilization. Document if any changes m soil hthology exist (1.e., sand to clay, gravelly
sand to sandy clay, etc).

5. If no change in soil lithology exists, the headspace sample should be collected (skip to

#11) where the two liners connect (center point of the 5-foot interval).

,

7.

8.

.

If one or more lithologlcal changes occur in the soil core, then proceed to #6.

Mark the outside of the soil core liner with a permanent pen where the change occurs.

Label the sample bags with the appropriate sample ID.

Cut the liner approximately 4 inches above the marked soil change and separate the two

sections of the liner (for example, the area of concern is the higher permeability soil

immediately above the lower permeability layer).

Immediately place a cap on the cut end of soil core liner section protecting the area of

concern above the area of soil change (this section of the soil core could be sampled later
for laboratory analysis).

1 04/27/01
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22.

627

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

Quickly fill 2 quart sized sealable plastic bags at least 1/2 full with soil using a stainless
steel sampling spoon.

Immediately seal the bags.

**For sod core hners that contain soil hthology changes** Label the soil core liner that

contains the soil from the area of concern with the appropriate ID.

Repeat steps #6 through #11 for each hthological change. For areas where multiple low

permeability layers are concentrated, only the soil above the upper layer will be
considered important.

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

Allow the soil in the bags to reach room temperature or warmer [20oC (68oF) to 32°(2
(90°F)].

While the FID organic vapor analyzer is running, insert the OVA/FID probe through

the side of the first bag after the temperature has equilibrated (typically after 5 minutes).

Record the highest reading on the gauge; this is the unfiltered concentration. If the

unfiltered measurement is non-detect, do not proceed to line #19. Record the reading

in the logbook as the total hydrocarbon measurement for that sample.

Attach an activated charcoal filter onto the OVA/FID.

While the FID orgamc vapor analyzer is running, msert the OVA/FID probe with the

attached charcoal filter through the side of the second bag.

Record the highest reading on the gauge; this is the filtered concentration.

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

67



627 68



I

I
I

I

I

I
I

I
I

I
I

I

I
I
I

I

I
I
I

Appendix C

Field SOP Guidance Documents

627 69



 USGS
science fora changingworld

I
USER'S GUIDE FOR POLYETHYLENE-BASED PASSIVE

| DIFFUSION BAG SAMPLERS TO OBTAIN VOLATILE
ORGANIC COMPOUND CONCENTRATIONS IN WELLS

| PART 1:

DEPLOYMENT, RECOVERY, DATA INTERPETATION,
| AND QUALITY CONTROL AND ASSURANCE

I Water-Resources Investigations Report 01-4060

I
I

I
I

I

I

I Prepared in cooperation with the

U.S. AIR FORCE

i FACILITIES ENGINEERING COMMANDU.S. NAVAL

U.S. ENVIRONMENTAL PROTECTION AGENCY

FEDERAL REMEDIATION TECHNOLOGIES ROUNDTABLE

I DEFENSE LOGISTICS AGENCY
U.S. ARMY CORPS OF ENGINEERS and

i INTERSTATE TECHNOLOGY REGULATORY COOPERATION WORK GROUP

I
I

U.S. Department of the Interior
U.S. Geological Survey



!
Acknowledgments

I Techmcal Advisory Board

I

I

,®
I

627 71

I

I

I
I

'1 I

U.S. Air Force Base Conversion Agency (AFBCA)
U.S. Air Force Center For Environmental Excellence (AFCEE)
Maj JeffComell (AFCEE)

Mano lerardi (AFBCA)

Dr. Javler Santlllan (AFCEE)

Defense Logistics Agency (DLA)
Lt. Col. Darnel L. Welch

U.S. Environmental Protection Agency (EPA)
Steve Schmelhng, Office of Research and Development (ORD)
Dick Winey, EPA Region 1

Kathy Davies, EPA Region 3

Richard Steimle, Technology Innovation Office (TIO)

U.S. Naval Facilities Engineering Command (NAVFAC)

U.S. Naval Facilities Engineering Service Center (NFESC) @ @ _
Chff C. Casey (Southern Dwismn)

Dennis Howe (NFESC) _._.,_

Richard G. Mach, Jr. (Southwest Division)
Nick Ta (NFESC)

U.S. Army Corp of Engineers (USACE)
Johnette Shockley

Federal Remediation Technologies Roundtable

Interstate Technology Regulatory Cooperation Work Group (ITRC)
George H. Nicholas (New Jersey) Team Lead

Paul M. Bergstrand (South Carolina)

Clans A Guerre (Cahforma)

David Randolph (Tennessee)

I

I
Funding for this Grade was provided by the U.S. AIR FORCE and NAVFAC (Southern and Southwest Divisions).
Addttmnally, the following persons are recogmzed for their leadership and support to this project: Marty Fafle, Joe

Dunlde, Kay Wishkaemper, Vinee Matott, and the Passwe Diffusion Bag Sampler (PDBS) Work Group.



I

I
I

I

I
I

I

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

62? 72

I

I
I

I

I

I
I
I

I
I
I

U.S. Geological Survey

Water-Resources Investigations Report 01-4060

Prepared in cooperation with the

U S AIR FORCE

U.S. NAVAL FACILITIES ENGINEERING COMMAND

U S ENVIRONMENTAL PROTECTION AGENCY

FEDERAL REMEDIATION TECHNOLOGIES ROUNDTABLE

DEFENSE LOGISTICS AGENCY

U.S. ARMY CORPS OF ENGINEERS and

INTERSTATE TECHNOLOGY REGULATORY COOPERATION WORK GROUP

Columbia, South Carolina
2001

EUSGS
science for a changing world

I



I

I
i

I

I
I

I
I

I

I
I
!

I

I
I
I

I
I

U.S. DEPARTMENT OF THE INTERIOR

GALE A. NORTON, Secretary

u.s. GEOLOGICAL SURVEY

Charles G. Groat, Director

Use of trade, product,or ftrm names m thtspubhcattonts for descnptrve purposes only
and does not tmplyendorsement by the U S Geologtcal Survey.

Coptes of thts report can be
obtatned from'

U.S Environmental Protection Agency
(USEPA)/Nat=onal Service Center for

Environmental Pubhcations (NSCEP)
Box 42419

Cmcmnati, OH 45242-0419

and

U.S Geologtcal Survey
Branch of Information Services
Box 25286

Denver, CO 80225
Phone' 888-ASK-USGS

For addittonal information,
write to:

District Chief

U.S Geological Survey

Stephenson Center-Suite 129
720 Gracern Road
Columbia, SC 29210-7651

Additional reformation about water

resources in South Carolina is
avatlable on the World Wide Web

at htt p://ec.water.uag s.gov

Report can be downloaded from http:/hNww.itrcweb.org and http://www.frtr.gov

627 73

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

627

CONTENTS

Executive Summary ........................................................................................................ 1

Introduction ................................................................................................................... 3

Summary of Passwe Diffusion Bag Sampler Advantages and Limitations ......................................... 5

Advantages .............................................................................................. 5
Llnutatlons ............................................................................................................... 5

Passive Diffusion Bag Sampler Deployment .................................................................................... 6
Passwe Diffusion Bag Sampler and Sample Recovery .............................................................. 9

Deterrmmng Apphcabihty of Passtve Diffusion Bag Samplers and Interpretation of Data .......................... I l

Influences of Hydraulic and Chermcal Heterogeneity on Sample Quahty in Long-Screened Wells ................. 12

Comparison of Passwe Diffusion Bag Samphng Methodology to Conventional Methodologies ........................ 12
Quahty Control and Assurance ............................................................... 14

Summary ............................................................................................................ 14

References ..................................................................................................................... 16

Figures

1. Photo showmg typical water-filled passive dtffuslon bag samplers used m wells, mcludmg dtffuston
bag w_th polyethylene mesh, diffusion bag without mesh, and bag and mesh attached to bader bottom ..................... 4

2. Photo showing example of multiple passwe d_ffuston bag samplers prepared for deployment ............................... 8

Table

1. Compounds tested under laboratory conditions for use with passive diffusion bag samplers ................................ 4

Contents III

74



I
I

I

I
I

I

I
I

I

I
I
I

I

I
I
I

I
I

627

Conversion Factors, Vertical Datum, Acronyms, and Abbreviations

Multiply

mch (m)

foot (ft)

nule (mi)

square mile (ml 2)

foot per day (fl/d)

foot squared per day (ft;/d)

gallon per rmnute (gal/rmn)

gallon per day (gal/d)

inch per year (m/yr)

gallon (gal)

By To ol)taln- -

Length

25 4 rmlhmeter

0 3048 meter

1 609 kilometer

Area

2 590 square kilometer

Flow

0.3048 meter per day

0 09294 meter squared per day

0.06308 hter per second

0 003785 cubic meter per day

25 4 rmlhmeter per year

Volume

3 785 hter

Temperature Is given m degrees Celstus (°C), which can converted to degrees FahrenheR (°F) by the following equatmn °F = 9/5 (°C) + 32

Sea level refers to the National Geodetic Vertmal Datum of 1929 (NGVD of 1929)---a geodetm datum derived from a general adjustment of

the first-order level nets of the Umted States and Canada, formerly called Sea Level Datum of 1929

Chemical concentration m water is expressed m memc umts as rmlhgrams per hter (rag/L) or rmcrograms per hter (Bg/L)

Additional Abbreviations

EDB , 1,2-Dibromomethane

AFCEE An" Force Center for Environmental Excellence

cDCE c_s- 1,2-Dlbromoethene

ft3/d cubic feet per day

ft3/mg cubic feet per rmlhgram

°C degrees Celsms

g , gram

1TRC Interstate Technology Regulatory Cooperatmn

LDPE ' low-density polyethylene

L hter

Bg microgram

_.m, micrometer

pL mmrohter

mg rmlhgram

mL rmlhhter

mlJrmn rmlhhter per minute

MTBE Methyl-ten-butyl ether

NAVFAC Naval Facdmes Engmeenng Command

NAPL non-aqueous phase hqmd

PDB passive diffusion bag

PCE Tetrachloroetheae

TCE Tnchloroethene

USEPA U S Environmental Protectton Agency

USGS U S Geological Survey

VOA Volatile orgamc analysis

VOC Volatile orgamc compound
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User's Guide for Polyethylene-Based Passive Diffusion

Bag Samplers to Obtain Volatile Organic Compound
Concentrations in Wells

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

By Don A. Vroblesky

EXECUTIVE SUMMARY

Water-filled passive diffusion bag (PDB) samplers

described m this report are suitable for obtaining con-

centratlons of a variety of volatile organic compounds

(VOCs) in ground water at momtorlng wells. The sug-

gested application of the method is for long-term mom-

toring of VOCs In ground-water wells at well-
characterized sites.

The effectiveness of the use of a single PDB

sampler in a well is dependent on the assumption that

there is horizontal flow through the well screen and

that the quality of the water is representative of the

ground water in the aquifer directly adjacent to the

screen If there are vertical components of mtra-

bore-hole flow, multiple intervals of the formation

contributing to flow, or varying concentrations of

VOCs vertically within the screened or open interval,

then a 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-fiat tube closed at both ends

and containing delomzed water. The sampler is posi-

tioned at the target horizon of the well by attachment to

a weighted 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 equihbrate with ambl-
ent water and the time required for the environmental

disturbance caused by sampler deployment to return to

ambient conditions The rate that the water within the

PDB sampler equilibrates with ambient water depends

on multiple factors, Including the type of compound

being sampled and the water temperature. The

concentrations of benzene, cis- 1,2-dichloroethene,

tetrachlorethene, trichloroethene, toluene, naphthalene,

1,2-&bromoethane, and total xylenes within the PDB

samplers equdlbrated with the concentrations in an

aqueous mixture of those compounds surrounding

the samplers under laboratory conditions within

approximately 48 hours at 21 degrees Celsius (°C).

A subsequent laboratory study of rmxed VOCs at 10 °C

showed that tetrachloroetbene and tnchloroethene were

equilibrated by about 52 hours, but other compounds

required longer eqmlabratlon times. Chloroethane,

cis- 1,2-dlchloroethene, trans- 1,2-dlchloroetbene, and

1,1-dlchloroethene were not equilibrated at 52 hours,

but appeared to be equilibrated by the next sampling

point at 93 hours. Vinyl chloride, 1,1,1-mchloroethane,

1,2-dlchloroethane, and 1,1-dichloroethane were not

equilibrated at 93 hours, but were equilibrated by the

next sampling point at 166 hours. Different equihbra-

tlon times may exist for other compounds. Differences

m equdlbratlon 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 restablhze following sampler deployment.

Laboratory and field data suggest that 2 weeks of equih-

brauon probably is adequate for many applications;

therefore, a rmmmum equdibratmn time of 2 weeks is

suggested. In less permeable formations, longer eqmh-

bration tames may be required. When applying PDB

samplers In waters colder than previously tested

(10 °C) or for compounds without sufficient corrobo-

rating data, a side-by-side comparison with conven-

tional methodology is advisable to justify the field
equllibrauon time.

ExecutiveSummary 1
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Following the initial equilibration period, the

samplers mamtam equlhbnum concentrations wzth the

ambient water until recovery. Thus, there is no specified

time for sampler recovery after initial equilibration.

PDB samplers routinely have been left in ground waters

having concentrations of greater than 500 parts per

rmlhon (ppm) of mchloroethene for 3 months at a time

with no loss of bag integrity, and at one site, the PDB

samplers have been left in place in VOC-contarmnated

ground water for I year with no reported loss of sampler

mtegnty. 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, in some environments, development of a

blofilm on the polyethylene may be a consequence of

long-term deployment. Investigations of sermpermeable

membrane devices (SPMDs) have shown that the trans-

fer of some compounds across a heavily blofouled poly-

ethylene membrane may be reduced, but not stopped.

If a heavy organic coating Is observed on a PDB

sampler, _t is advisable to deterrmne 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 immediately transferring the

enclosed water to 40-millihter sampling vials for anal-

ysis The resulting concentrations represent an integra-

tion of chermcal changes over the most recent portion

of the equilibration 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 potentml for PDB samplers to ehrm-

hate 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 rmnlmum amount of field equipment

required. The samplers also have the potential to

delineate contaminant stratification in the formation

across the open or screened intervals of monitoring

wells where vertical hydraulic gradients are not

present. In addition, 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 Is only about

10 angstroms or less, sediment does not pass through

the membrane into the bag. Thus, PDB samplers are

not subject to interferences from turbidity. In addition,

none of the data collected suggest that VOCs leach

from the LDPE material, or that there is a detrimental

effect on the VOC sample from the PDB material.

Water-filled polyethylene PDB samplers are not

appropriate for all compounds. The samplers are not

suitable for inorganic ions and have a limited apphca-

blhty for non-VOCs and for some VOCs. For example,

although methyl-tert-butyl ether and acetone and most

sermvolatile compounds are transrmtted through the

polyethylene bag, laboratory tests have shown that the

resulting concentrations were lower than In ambient

water. A variety of factors influence the ability of

compounds to diffuse through the polyethylene These

factors include the molecular size and shape and the

hydrophobic nature of the compound. Unpublished lab-

oratory test data of sermvolatlle 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

conmbute phthalates to the enclosed water Thus, the

samplers should not be used to sample for phthalates.

VOC concentrations in PDB samplers represent

concentrations in the vicinity of the sampler within the

well screen or open interval This may be a limitation

for PDB samplers and some other types of sampling,
such as low-flow sampling, if the ground-water

contarmnatlon is above or below the screen or not in

the sample intervals providing water movement to the

PDB samplers. If there is a vertical hydraulic 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 fluctuations.

The purposes of ttus document are to present

methods for PDB sampler deployment, and recovery;

to discuss approaches to deterrmne the applicability of

passive diffusion samplers; and to discuss various

factors mfluencing interpretation of the data. The

intended audience for the methodology sections of this

report rs managers and field personnel involved in using

PDB samplers The discussion of passive diffusion

sampler apphcablhty and interpretation of the data is

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 end Assurance
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suited for project managers, technical personnel, and the

regulatory commumty. Part 2 of this report presents case

studies of PDB sampler field apphcatlons.

INTRODUCTION

The use of PDB samplers for collecting ground-

water samples from wells offers a cost-effective

approach to long-term monitoring of VOCs at well-

characterized sites (Vroblesky and Hyde, 1997; Gefell

and others, 1999). The effectiveness of the use of a

single PDB sampler in a well IS dependent on the

assumption that there is horizontal flow through the

well screen and that the quahty of the water is repre-

sentative of the ground water m the aquifer directly

adjacent to the screen. If there are vertical components

of mtra-borehole flow, multiple intervals of the forrna-

t_on contrthutlng to flow, or varying concentrations of

VOCs vertically within the screened or open interval,

then deployment of multiple PDB samplers within a

well may be more appropriate for samphng the well.

The samplers consist of deionlzed water

enclosed in a LDPE sleeve (fig. 1) and are deployed

adjacent to a target horizon within a screened or open

interval of a well. The suggested application ]s for

long-term monltonng of VOCs in ground-water wells.

Where the screened interval is greater than 10 feet (ft),

the potential for contarmnant stratificatmn and/or intra-

borehole flow within the screened interval _s greater

than in screened intervals shorter than 10 ft. It is Impor-

tant that the vertical drstrlbutlon of contanunants be

determined In wells having 10-ft-long well screens,

and that both the vertical dismbutlon of contarrunants

and the potential for lntra-borehole flow be determined

in wells having screens longer than 10 ft. For many

VOCs of enwronmental interest (table 1), the VOC

concentration m water within the sampler approaches

the VOC concentration m water outside of the PDB

sampler over an equihbratlon period. The resulting

concentrations represent an mtegration of chemical

changes over the most recent part of the equilibration

period (approximately 48 to 166 hours, depending on

the water temperature and the type of compound being

sampled). The approach Is inexpensive and has the

potential to ehmanate or substantially reduce the

amount of purge water removed from the well.

627

A variety of PDB samplers have been utlhzed in

well apphcations (fig 1). Although the samplers vary

In specific construction detmls, atyp]cal PDB sampler

consists of a 1- to 2-ft-long LDPE tube closed at both

ends and containing laboratory-grade de]onized water

(fig. I) The typical diameter for PDB samplers used in

a 2-1nch-d_ameter well ]s approximately 1.2 inches;

however, other dimensions may be used to match the

well diameter. Equilibration times may be longer for

larger diameter PDB samplers. On the outside of the

PDB sampler, a low-density polyethylene-mesh some-

times is used for protection against abrasmn In open

boreholes and as a means of attachment at the pre-

scribed depth. The PDB sampler can be positioned at

the target horizon by attachment to a weighted hne or

by attachment to a fixed pzpe.

PDB samplers for use in wells are available

commercmlly. Authorized distributors as of March

2001 are Columbia Analyucal Services (800-695-7222)

and Eon Products (800-474-2490). A current list of

vendors and PDB-sampler construction detmls can be

obtained from the U.S. Geological Survey Technology

Transfer Enterprise Office, Mall Stop 211, National

Center, 12201 Sunrise Valley Drive, Reston, Vlrglma

20192 (telephone 703-648-4344; fax 703-648-4408).

PDB samplers employ patented technology (U.S.

patent number 5,804,743), and therefore, require that

the user purchase commercmlly produced samplers

from a licensed 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 determining the applicabthty

of passive diffusion samplers; and to discuss various

factors influencing interpretation of the data. The

intended audience for the methodology sections of th]s

report is managers and field personnel involved in

usmg PDB samplers. The discussion of PDB sampler

apphcabihty and interpretation of the data is suited for

project managers, techmcal personnel, and the regula-

tory community Part 2 of th_s report presents case

stuthes of PDB-sampler field apphcatlons.

Introduction 3
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Figure 1. Typical water-filled passive

dlffumon bag samplers used m wells,

including (A) diffusion bag wdh
polyethylene mesh, (B) dlffumon bag

without mesh, and (C) bag and mesh
attached to bailer bottom

4

Table 1. Compounds tested under laboratory conditions for use with passive diffusion bag samplers

[From VrobIesky and Campbell, 2001]

Tested compounds showinggood correlation iaverage cliffere-nces In-concentration'of 11 pe-rcentor I-esa= _

between diffusion-sampler water and test-vessel water) in laboratory tests I

Benz_ne

Bromodichlorometban¢

Bromoform

Chlorobenzcne

Carbon retrachlondc

Chlorocthan¢

Chloroform

Chloromethane

2 Chlorovmyl ether

D]bromochloromcthane

Dibromomethane

1,2-Dmhlorobenzene

1,3-Dmhlorobenzene

1,4-Dlchlorobcnz.enc

Dichlorodafluoromethane

1,2-Dichloroethane

I, l -Dmhloroethene

cJs- 1,2-Dichloroethene

trons- 1,2-Dichloroethene

1,2-Dlchloropropanc

c*s-Dtchloropropene

1,2-Dlbromoethane

trans- 1,3-Dmhloropropene

Ethyl benzene

Naphthalene

Toluene

l,l,l-Tnchloroethane

1,I,2-Tnchloroethane

Tncldorocthen¢

Trichlorofluoromethane

1.2.3-Trlchloropropane

1,1.2,2-Tetrachloroethane

Tetrachloroethene

Vinyl chloride

Total xylenes

Tested compounds showlng_r correlatlon(average differences in concentration greater than 2d percant- '
between diffusion-sampler water and test-vessel water) in laboratory testa

Acetone* Methyl-tert-butyl ether Styrene

*T M Slvavec and S S Baghel. General Electric Company. wntten commun, 2000

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 Quallry Control and Assurance
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Summary of Passive Diffusion Bag Sampler
Advantages and Limitations

Advantages

1. PDB samplers have the potential to ehmanate

or substantmlly reduce the amount of purge water asso-

ciated with samphng.

2. PDB samplers are mexpenstve.

3 The samplers are easy to deploy and recover

4 Because PDB samplers are disposable, there is no

downhole equipment to be decontaminated between wells.

5 A rmmmal amount of field eqmpment is reqmred.

6. Sampler recovery rs rapid. Because of the small

amount of time and eqmpment reqmred for the

sampling event, the method is practical for use where

access ]s a problem or where discretion rs desirable (that

is, residential communities, business districts, or busy

streets where vehicle traffic control is a concern)

7. Multzple PDB samplers, distributed vertically
along the screened or open interval, may be used in

conjunction with borehole flow meter testing to gmn

insight on the movement of contarmnants mto and out of

the well screen or open mterval or to locate the zone of

highest concentration m the well. Analytical costs when

using multiple PDB samplers sometimes can be reduced

by selecting a limited number of the samplers for labora-

tory analysis based on screening by using field gas chro-

matography at the t_me of sample collection.

8 Because the pore size of LDPE ts only about

10 angstroms or less, sediment does not pass through

the membrane mto 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 _s a detrimental effect from

the PDB material on the VOC sample.

Limitations

1. PDB samplers integrate concentrations over

time. This may be a hrmtatton ffthe goal of samphng zs

to collect a representative sample at a point in time in an

aquifer where VOC-concentrat]ons substantmlly change

more rapzdly than the samplers equlhbrate Laboratory

results obtained indicate that a variety of compounds

equilibrated within 48 hours at 21 °C (Vrobiesky and

Campbell, 2001). Vinyl chloride, 1,1,1-mchloroethane,

1,2-dlchloroethane, and 1,1-dichloroethane may reqmre
between 93 and 166 hours to equdibrate at 10 °C

(T.M. Sxvavec and S.S. Baghel, General Electric

Company, wmten commun., 2000). The initial equih-

bration under field condmons may be longer to allow

627

well water, contanunant drstributlon, and flow dynanucs

to restabihze following sampler deployment.

2. Water-filled polyethylene PDB samplers are

not appropriate for all compounds. For example,
although methyl-ten-butyl ether and acetone

(Vroblesky, 2000; Paul Hare, General Elecmc

Company, oral commun., 2000) and most semlvolatde

compounds are transrmtted through the polyethylene

bag, laboratory tests have shown that the resulting
concentrations were lower than in ambrent water.

A variety of factors influence the ablhty of compounds

to diffuse through the polyethylene membrane These

factors include the molecular s_ze and shape and the

hydrophoblc nature of the compound. Compounds
having a cross-sectional dmmeter of about 10

angstroms or larger (such as hurnlc acids) do not pass

through the polyethylene because the largest (transient)

pores m polyethylene do not exceed about 10 angstroms

m &ameter (Flynn and Yalkowsky, 1972; Hwang and

Kammermeyer, 1975; Comyn, 1985). The samplers are

not appropriate for hydrophllic polar molecules, such as

morgamc _ons. A detaded drscusslon of the relation

between hydrophoblclty and compound transport

through polyethylene can be found m Gale (1998).

Unpubhshed laboratory test data (D A. Vroblesky, U.S.

Geological Survey, written corrlmun., 1998) of serm-

volatile compounds m contact w]th PDB samplers

showed a higher concentration of phthalates inside the

PDB sampler than outside the PDB sampler, suggesting

that the polyethylene may conmbute phthalates to the

enclosed water. Thus, the samplers should not be used

to sample for phthalates.

3 PDB samplers rely on the free movement of

water through the well screen. In s_tuat_ons where

ground water flows honzontally through the well screen,

the VOC concentrations in the open interval of the well

probably are representauve of the aquifer water m the

adjacent formation (Gfllham and others, 1985; Robin

and Gdlham, 1987; Kearl and others, 1992; Powell and

Puls, 1993; Vroblesky and Hyde, 1997). In these situa-

tions, the VOC concentration of the water m contact

with the PDB samplers, and therefore, the water within

the diffusion samplers, probably represents local condi-

tions in the adjacent aquifer. However, ffthe well screen

is less permeable than the aquifer or the sandpaek, then

under ambient con&t]ons, flowlines may be diverted

around the screen. Such a SltUatmn may arise from mad-

equate well development or from iron bactenal fouling
of the well screen In this case, the VOC concentrations

m the PDB samplers may not represent concentrations m

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 con&tions.

4. VOC concentrauons in PDB samplers represent

ground-water concentrations in the VlClmty of the

screened or open well interval that move to the sampler
under ambient flow conditions. This is a hrmtatlon if the

ground-water contamination lies above or below the

well screen or open Interval, and requires the operation

of a pump to conduct contaminants Into the well for

sampling.

5. In cases where the well screen or open inter-

val transects zones of differing hydraulic head and

variable contaminant concentrauons, VOC concentra-

tmns obtained using a PDB sampler may not reflect

the concentrations m the aquifer directly adjacent to

the sampler because of vertical transport in the well.

However, a vertical array of PDB samplers, used m

conjunction with borehole flow meter testing, can

provide Insight on the movement of contaminants Into

or out of the well. This information then can be used to

help determine 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 open intervals w]th

stratified chemical 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, m conjunction with pump sampling

(as appropriate), can be used to locate zone(s) of high-

est concentratmn m the well. Multiple PDB samplers
also may be needed to track the zone of maximum

concentration m 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 m wells. A typical deployment

approach, described in this sect]on, is to attach the

PDB samplers to a weighted hne. It also is acceptable

to attach the weights directly to the PDB sampler If the

attachment point is of sufficient strength to support the

weight The weights attached to the bottom of the

line are stainless steel and can be reused, but must be

thoroughly decontarmnated w_th a detergent before the

first use or before using m a different well. Rope, such

as 90 pound, 3/16 Inch braided polyester, can be used

as the hne for single-use applications if _t ]s of suffi-

cient strength to support the weJght and sampler, is

nonbuoyant, and is subject to minimal stretch, how-

ever, the rope should not be reused because of the high

potential for cross contanunatmn. Stainless-steel or

Teflon-coated stainless-steel wire is preferable. The

weighted lines should not be reused m different wells

to prevent carryover of contaminants. A possible

exception is coated stainless-steel wire, which can be

reused after sufficient decontamination. An alternative

deployment approach, not discussed m thrs sectmn, 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 contaminatmn. An

approach that can be utilized to deploy diffuston sam-

plers through a layer of floating NAPL is described in

the field test at Naval Station North Island, Cahfomla

(Vroblesky and Peters, 2000, p. 3-4, also included m

Part 2 of this pubhcatmn).

If the PDB sampler is to be compared w_th a

conventional pumping approach to sampling, then _t is

suggested that both the pump and the PDB sampler be

deployed at the same time, with the sampler attached

near (such as directly below) the pump inlet This

approach eliminates potenUal concentration chfferences

between the two methods that may result from well

disturbance during eqmpment removal and deploy-

ment at the time of samphng. An alternative method rs

to deploy the PDB samplers independently of the

pumps and recover the samplers lmmedmtely prior to

placing the pump down the well.

PDB samplers are available eltber prefilled with
laboratory-grade deiomzed water or unfilled. The

unfilled samplers are eqmpped 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 derenized water into the sampler. The
sampler should be filled until water nses and stands at

least half 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
concern.

User's Guide for Polyethylene-Beeed Passive Diffusion Beg Samplers to Obtain Volatile Organic Compound
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The followmg steps should be used for deploying
PDB samplers m wells

1. Measure the well depth and compare the

measured depth with the reported depth to the bottom
of the well screen from well-constmctlon records. This

ts to check on whether sediment has accumulated m the

bottom of the well, whether there is a nonscreened

section of pipe (se&ment sump) below the well screen,

and on the accuracy of well-construction records. If

there Js an uncertainty regarding length or placement of

the well screen, then an independent method, such as

video imagmg of the well bore, is strongly suggested.

2 Attach a stainless-steel weight to the end of the

hne Sufficient weight should be added to counterbal-

ance the buoyancy of the PDB samplers This is

partlcularly _mportant 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, wtth the line taut above the weight. Alterna-

tively, the PDB sampler 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, xf multiple samplers are attached end-to-end rather

than to a weighted line, stretching of the samplers.

3 Calculate the distance from the bottom of the

well, or top of the sediment m the well, up to the point

where the PDB sampler is to be placed. A variety of

approaches can be used to attach the PDB sampler to

the weight or weighted line at the target horizon. The

field-tillable type of PDB sampler is equipped with a

hanger assembly and weight that can be shd over the

sampler body until it rests securely near the bottom of

the sampler When this approach _s used with multiple

PDB samplers down the same borehole, the wezght

should only be attached to the lowermost sampler

An additmnal option is to use coated stainless-steel

wire as a weighted hne, makmg loops at appropriate

points to attach the upper and lower ends of PDB

samplers. Where the PDB sampler posttlon vanes

between samphng events, movable clamps with nngs

can be used. When using rope as a weighted hne, a

simple approach _s 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 hne wtth knots tied at the approprmte
sampler-attachment points is discussed below.

627

(a) For 5-ft-long or shorter well screens, the

center point of the PDB sampler should be the

vertical rmdpomt of the saturated well-screen

length. For example, ff 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 th_s case, the midpoint of the sampler

between the attachment points on the hne will be

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

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

on a weighted hne should be tied at distances of

1.25 ft (2 ft - 0.75 ft) and 2.75 ft (2 ft + 0.75 ft)

from the top of the sed]ment m the well, or the

bottom of the well, mal_ng adjustments for the

length of the attached weight. When the PDB

sampler ts attached to the hne and installed m the

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

depth. If, however, independent evidence is

avadable showing that the highest concentration

of contaminants enters the well from a specific

zone within the screened interval, then the PDB

sampler should be posttioned at that interval

(b) For 5- to 10-ft-long well screens, tt is

advisable to ut]hze mult2ple PDB samplers verti-

cally along the length of the well screen for at

least the mmal samplmg (fig. 2). The purposes of

the multiple PDB samplers are to deternune

whether contarmnant stratification is present and

to locate the zone of highest concentration. The

nudpomt of each sampler should be posmoned at

the midpoint of the interval to be sampled. For

1.5-ft-long samplers, at each sampling depth m

the screened interval, make two attachment

pomts on the weighted line at a distance of about

1.5 fl apart. The attachment points should be

posttloned along the weighted line at a distance

from the bottom end of the weight such that the

rmdpomt between the knots will be at the desired

sampling depth along the well screen. Sampler

mtervals are variable, but a simple approach is to

use the top knot/loop of one sampler interval as

the bottom knot/loop for the overlying sampler
mterval.

Passive Diffusion Bag Sampler Deployment 7
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Figure 2. Example of multiple PDB
samplers prepared for deployment.

(c) PDB samplers should not be used in wells

having screened or open intervals longer than

10 ft unless used in conjunction with borehole

flow meters or other techmques to characterize

vertical varlabthty m hydrauhc conductivity and

contaminant distribution or used strictly for

qualitative reconnaissance purposes. This IS

because of the mcreased potential for cross con-

tammatJon of water-bearing zones and hydrauli-

cally driven mixing effects that may cause the

contaminant stratification m the well to &ffer

from the contarmnant stratificatzon m the adja-

cent aquifer material. Ifzt _s necessary to sample

such wells, then multtple PDB samplers should

be installed vertically across the screened or

open interval to deterrmne the zone of highest
concentration and whether contaminant stratifi-

cation _s present.

4. The samplers should be attached to the

weights or weighted line at the time of deployment.

For samplers utthzmg the hanger and weight assembly,

the line can be attached directly to the top of the

sampler. PDB samplers utlhzlng an outer protective

mesh can be attached to a weighted line by using the
following procedure:

(a) Insert cable ties through the attachment

points m the weighted line.

(b) At each end of the PDB sampler, weave

the ends of the cable ties or clamp through the

LPDE mesh surrounding the sampler and tighten

the cable ties. Thus, each end of the PDB

sampler wdl be attached to a knot/loop m the

weighted hne by means of a cable tie or clamp

The cable ties or clamps should be poslUoned

through the polyethylene mesh m a way that

prevents the PDB sampler from sliding out of the
mesh.

(c) Trim the excess from the cable tie before

placing the sampler down the well. Caution

should be exercised to prevent sharp edges on

the trimmed cable ties that may puncture the
LDPE.

8 User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound
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5. When using PDB samplers w_thout the protec-
tive outer mesh, the holes punched at the ends of the

bag, outside the sealed port_on, can be used to attach

the samplers to the weighted hne. Stainless-steel spnng
clips have been found to be more relrable than cable

ties m this instance, but cable ties also work welt.

6. Lower the weight and weighted hne down the

well until the weight rests on the bottom of the well

and the hae above the weight ]s taut. The PDB

samplers should now be positioned at the expected

depth A check on the depth can be done by placing a
knot or mark on the hne at the correct &stance 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 m th_s position. A sug-

gested method _s to attach the weighted hne to a hook

on the inside of the well cap. Reattach the well cap.

The well should be sealed m such a way as to prevent

surface-water invasion. This _s particularly _mportant

m flush-mounted well vaults that are prone to flooding.

8. Allow the system to remain undisturbed as the

PDB samplers equihbrate.

PASSIVE DIFFUSION BAG SAMPLER AND
SAMPLE RECOVERY

The amount of ume that the samplers should be

left in the well prior to recovery depends on the time

reqmred by the PDB sampler to equihbrate w]th ambJ-

ent water and the time reqmred for enwronmental

d_sturbances caused by sampler deployment to return to
ambient condmons. The rate that the water wJthra the

PDB sampler equdibrates with ambient water depends

on multiple factors, including the type of compound
being sampled and the water temperature. The concen-

tratxons of benzene, cis- 1,2-dlchloroethene (cDCE),

tetrachlorethene (PCE), trichloroethene (TCE), tolu-

ene, naphthalene, 1,2-dlbromoethane (EDB), and total

xylenes within the PDB samplers equdlbrated with the

concentratmns in an aqueous maxture of those

compounds surrounding the samplers under laboratory

con&t_ons w_thm approximately 48 hours at 21 °C

(Vroblesky and Campbell, 2001). A subsequent labors-

tory study of m_xed VOCs at 10 °C showed that PCE

and TCE were eqmhbrated by about 52 hours, but other

compounds required longer eqmhbration t]mes (T.M.

Slvavec and S.S. Baghel, General Electric Company,
written commun., 2000). Chloroethane, cDCE, trans-

1,2-&chloroethene, and l,l-dJchloroethene were not

627

equilibrated at 52 hours, but appeared to be eqmhbrated

by the next samphng point at 93 hours Vinyl chlonde,

1,1,1-tnchloroethane, 1,2-&chloroethane, and 1,1-

&chloroethane were not eqmhbrated at 93 hours, but

were eqmhbrated by the next sampling point at 166

hours. D]fferent eqmhbratmn times may exist for other

compounds. Differences m equihbratmn t_mes, ff any,
between single-solute or rmxed-VOC solutions have

not yet been thoroughly exarmned.

Under field conditions, the samplers should be

left m place long enough for the well water, contami-

nant distribution, and flow dynamics to restabd_ze fol-

lowing sampler deployment. The results of borehole

ddutmn studies show that wells can recover to 90 per-
cent of the pre&sturbance con&tmns within minutes to

several hours for permeable to hlghly permeable geo-

logic formations, but may reqmre 100 to 1,000 hours

(4 to 40 days) m muds, very fine-grained loamy sands,

and fractured rock, and may take even longer ra frac-

tured shales, recent loams, clays, and shghtly fractured

solid igneous rocks (Halevy and others, 1967).

In general, where the rate of ground-water

movement past a &ffuslon sampler is high, eqmhbra-

t_on Umes through various membranes commonly

range from a few hours to a few days (Mayer, 1976;

Harnngton and others, 2000). One field investigation

showed adequate eqmhbratlon of PDB samplers to
aquifer tnchloroethene (TCE) and carbon tetrachlonde

(CT) concentratmns w_thm 2 days m a highly perme-

able aquifer (Vroblesky and others, 1999). In other

mvestlgatmns, PDB samplers recovered after 14 days

were found to be adequately equdlbrated to chlorinated

VOCs (Obnen & Gere Engineers, Inc., 1997a, 1997b;

Hare, 2000); therefore, the equilibratmn penod was

less than or equal to 14 days for those field conditmns.

Because it appears that 2 weeks of equdlbratlon proba-

bly Is adequate for many apphcatioos, a mtmmum

equllibratmn t]me of 2 weeks is suggested. When

applying PDB samplers m waters colder than prew-

ously tested (10 °C) or for compounds without suffi-

cient corroborating field data, a side-by-side com-

parison with conventional samphng methodology is

advisable to justify the field eqmhbratlon time.

In less permeable formations, longer equihbra-

tmn times may be required. It ]s probable that water m

the well bore eventually will equdibrate with the pore-
water chermstry, however, ]f the rate of chemacal

change or volatilization 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-

Passive Diffusion Bag Sampler and Sample Recovery 9
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estimate pore-water concentrations. Guidelines for

equilibration times and applicability of PDB samplers

In low-permeability formations have not yet been

established. Therefore, in such situations, a side-by-

side comparison of PDB samplers and conventional

sampling methodology is advisable to ensure that the

PDB samplers do not underestimate concentrations

obtained by the conventional method A detailed

discussion of diffusion rates relevant to diffusion

sampler equilibrium in slow-movmg ground-water

systems can be found in Hamngton and others (2000).

Following the initial equilibration period, the
samplers maintain equlhbnum concentrations with 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 tlme with no loss of bag integrity, and

at one site, the PDB samplers have been left in place in

VOC-contaminated ground water for 1 year with no

reported loss of sampler integrity (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 Integrity have not yet

been thoroughly tested for a broad range of compounds

and concentrations. Moreover, In some environments,

development of a blofilm on the polyethylene may be a

consequence of long-term deployment. Investigations

of sermpermeable membrane devices (SPMDs) have

shown that the transfer of some compounds may be

reduced, but not stopped, across a heavily blofouled

polyethylene membrane (Ellis and others, 1995;

Hucklns and others, 1996; Huckins and others, in

press). If 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 concentrations from a

conventional sampling method before continuing to use
PDB samplers for long-term deployment in that well.

Recovery of PDB samplers is accomplished by

using 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

evidence of algae, iron or other coatings, and for tears

in the membrane. Note the observations In a sampling

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 concentration data.

3. Detach and remove the PDB sampler from the

weighted line. Remove the excess liquid from the exte-

rior of the bag to nunirmze the potential for cross
contarmnat_on

4. A variety of approaches may be used to trans-

fer the water from the PDB samplers to 40-mL volatile

organic analysis (VOA) vials. One type of commer-

cially available PDB sampler provides a discharge

device that can be inserted into the sampler. If

discharge devices are used, the diameter of the opening
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, inverting the

sampler so that the fill plug is pointed upward, and

removing the plug. The water can be recovered by

directly pounng in a manner that rmnlrmzes agitation

or by pounng through a VOC-discharge accessory

inserted in place of the plug. The second approach

revolves piercing the sampler near the bottom with a

small-diameter discharge tube and allowing water to

flow through the tube into the VOA vials In each case,

flow rates can be controlled by tilting or manipulating

the sampler. Alternatively, the PDB sampler can be cut

open at one end using scissors 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 nunl-

rmzes water agitation. Acceptable duplication has been

obtained using each method. Preserve the samples

according to the analytical method. The sampling vials

should be stored at approximately 4 °C In accordance

with standard sampling protocol. Laboratory testing

suggests that there is no substantial change In the VOC

concentrations in PDB samplers over the first several

minutes after recovery; however, the water should be

transferred from the water-filled samplers to the

sample bottles immediately upon recovery.

5. A cost-effective alternative when using multi-
ple PDB samplers in a single well is 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 be sent to an EPA-approved
laboratory for standard analysis. Typically, at least the

sample containing the highest concentration should be

analyzed by a laboratory.

10 User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound
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6 If a comparison is being made between

concentrations obtained using 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 sampler. 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. Utilizing

the same laboratory may reduce analytical variabdlty.

7. Any unused water from the PDB sampler and

water used to decontaminate cutting devices should be

disposed in accordance with local, state, and Federal
regulatrens

DETERMINING APPLICABILITY OF PASSIVE

DIFFUSION BAG SAMPLERS AND

INTERPRETATION OF DATA

When attempting to determine whether the use

of PDB samplers _s appropnate at a particular well, a

common approach is to do a slde-by-s]de comparison

with a conventmnal samphng method dunng the same

samphng event. This approach is strongly suggested m

wells having temporal concentration vanabdlty. In a

well having relatively low temporal concentration van-

abd_ty, comparison of the PDB-sampler results to

historical concentrat]ons may provide enough infor-

mation to determine whether the PDB samplers are

appropriate for the well. In general, if both PDB and

conventional samphng produce concentrations that

agree within a range deemed acceptable by local,

state, and Federal regulatory agencies and meet the

site-specific data-quahty ob3ect]ves , then a PDB

sampler may be approved for use in that well to mom-

tor arab]eat VOC concentrauons. If concentrations

from the PDB sampler are higher than concentrations

from the conventional method, ]t is probable that

concentrations from the PDB sampler adequately

represent ambient condltmns because there usually is a

greater potential for ddutmn from mixing during

samphng using conventional methods than during
samphng using PDB samplers.

If, however, the conventtonal method produces

concentratmns that are s_gmficantly h_gher than those

obtained using the PDB sampler, then ]t _s uncertmn

whether the PDB-sampler concentratmns represent

local ambient con&tlons. In th_s case, further testing
can be done to deterrmne whether contarmnant stratifi-

cation and/or mtra-borehole flow _s present Multiple

samphng devices can be used to determine the pres-

ence of contammant strauficatmn, and borehole flow-

meters can be used to deternune whether mtra-

borehole flow _s present. When using flowmeters to

measure vertical flow m screened boreholes, however,

the data should be consldered quahtatlve because of

the potential for water movement through the sand

pack. Borehole ddutlon tests (Halevy and others, 1967;

Drost and others, 1968; Grisak and others, 1977;

Palmer, 1993) can be used to determine whether water

is freely exchanged between the aquifer and the well
screen.

Once the source of the difference between the

two methods _s deterrmned, a dec_s]on can be made

regardmg the well-specific utdlty of the PDB samplers
Tests may show that VOC concentrat]ons from the

PDB samplers adequately represent local ambient

cond_tlons within the screened interval despite the

h_gher VOC concentraUon obtained from the conven-

tmnal method. This may be because the pumped

samples incorporated water containing higher concen-

trations either from other water-beanng zones reduced

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 prmr to samphng (Vroblesky and

Petkewlch; 2000), or from maxmg of chemically strati-

fied zones m the VlClmty of the screened interval

(Vroblesky and Peters, 2000).

The nuxmg of waters from chermcally straufled

zones adjacent to the screened interval dunng pumping
probably is one of the more important sources of

apparent differences between the results obtained from

PDB samphng and conventional samphng because

such stratificatmn probably is common. Vertical strati-

fication of VOCs over distances of a few feet has been

observed m aquifer sediments by using multdevel

sampbng devices (Dean and others, 1999; P]tkin and

others, 1999), and considerable variation m hydrauhc

conductwity and water chermstry has been observed m

an aquifer m 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 TeE concentrat]on
of 1,130 (p.g/L over a 6-ft vert]cal screened mterval in

Minnesota (Vroblesky and Petkewich, 2000). Tests

using PDB samplers m screened intervals containing

VOC straUficatmn showed that the PDB-sampler data

appeared to be pomt-specLfic, whereas the pumped

sample integrated water over a larger interval (Vroblesky
and Peters, 2000).

Determining Applicability of Passive Diffusion Bag Samplers, and Interpretation of Data 11
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The decision on whether to use PDB samplers m

such s_tuatlons depends on the data-quahty objectives

for the particular site. If the goal is to determine and

monitor higher concentrations or to examine contami-

nant stratification within the screened interval, then

the PDB samplers may meet this objective. If the goal

_s to determine the average concentrations for the

entire screened interval, then a pumped sample or an

average from multiple diffusion samplers may be
appropriate

As an aid m the decision-making process, the

following section exammes 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 concentrations from other

samphng methodologies, the second section exarmnes

the differences in sample quality between these meth-

odologies in situations of hydraulic and chemical

heterogeneity

Influences of Hydraulic and Chemical

Heterogeneity on Sample Quality in

Long-Screened Wells

Samphng biases and chemical varlablhty in

long-screened wells, which can be loosely defined as

wells having slgmflcant physical and chemical hetero-

geneity within the screened interval and in the adja-
cent aquifer (Redly and Leblanc, 1998), have been the

subject of numerous Investigations. Sources of chemi-

cal vartabd_ty In such wells include non-uniform flow

into wells (Robblns and Martm-Hayden, 1991; Redly
and Gibs, 1993; Chlang and others, 1995; Church and

Granato, 1996; Redly and LeBlanc, 1998), lithologlc
heterogeneity (Rellly and others, 1989; Robblns, 1989;

Martm-Hayden and others, 1991; Glbs and others,

1993; Redly and Gths, 1993), and m-well mixing.

In a well open across a chemically or hydraulically

heterogeneous section of the aquifer, differences in

the samphng methodology can produce slgmficant

differences m the sampling results

Long-screened wells have the potential to

redistribute chemical constituents in the aquifer

where there are vertical hydraulic 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; Rellly and LeBlanc 1998).

If there _s vertical flow in the screened or open inter-
val, and the zone of low hydraulic head (outflow from

the well) is within the contaminated horizon, then the

PDB samplers (or any standard samphng methodol-

ogy) can underestimate or not detect the contamina-

tion. 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 higher hydraulic head will invade the contami-

nated horizon by way of the well screen. Under

pumped conditions, the majority of the extracted water

will be from the most permeable interval, which may

not be the contarmnated zone. Even when pumping

induces inflow from the contarmnated interval, much

of that Inflow will be a reflection of the residual

invaded water from other horizons. In this situation,

a substantial amount of purging would be reqmred

before water representative of the aquifer could be

obtained (Jones and Lemer, 1995). Such sampling is

not hkely to reflect a significant contribution from the

contarranated zone, and concentrations in the contami-

nated zone probably will be underestimated.

Sirmlarly, if VOC-contamlnated water is flow-

mg into the well and is exiting the well at a different

horizon, then VOCs will be present along the screened

interval between the two horizons. In this case, VOC

concentrations in the screened interval may be repre-
sentative of aquifer concentrations at the inflow

horizon, but may not be representative of aquifer
concentrations near the outflow horizon.

In areas where vertical stratification 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 in wells having screens 10 ft or

longer; however, significant VOC strattfication has

been observed over intervals of less than 5 ft (Vroblesky

and Peters, 2000). Because of the increased probability

of vertical concentration or hydraulic gradients within

the open interval of long-screened (greater than 10 ft)
wells, it is advisable to determine the zones of inflow

and outflow within the screened or open interval of

these wells using borehole flowmeter analysis (Hess,

1982, 1984; 1986; 1990; Young and others, 1998).

Comparison of Passive Diffusion Bag

Sampling Methodology to Conventional

Methodologies

Traditional sampling methodologies, such as the

purge-and-sample (or conventional purging method),

low-flow or low-volume sampling, and using straddle

packers and multilevel samplers, produce VOC

12 User's Guide for Polyathylene-Based Passive Dlftr_slon Bag Samplers to Obtain Volatile Organic Compound
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concentrations that may differ from VOC concentra-

tions obtained from PDB samplers because the meth-

odologJes sometimes are influenced in different ways

by aquifer hydraulic and chermcal heterogeneity. This

section examines potentral sources of concentration

differences between traditional methodologies and the

PDB methodology.

The purge-and-sample approach to ground-water

monltonng differs from the diffusion-sampler
approach primarily because the area of the screened or

open interval that conmbutes water to the purged

sample typically is greater than for the PDB sampler

and the potential for nuxlng of stratified layers is

higher. When pumping three or more casing volumes

of water pnor to collecting a sample, chem]cal concen-

trations in the discharging water typically change as the

well is pumped (Keely and Boateng, 1987; Cohen and

Rabold, 1988; Martln-Hayden and others, 1991;

Robblns and Martin-Hayden, 1991, Redly and Gibs,

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 reduction of lateral chermcal heterogeneity during

pumping also may produce vanations in the sampled

concentrations. The amount of maxmg dunng purging

can be highly vanable (Barber and Davis, 1987;

Church and Granato, 1996; Reilly and LeBlanc, 1998;

Martln-Hayden, 2000), and may result in concentra-

tions that are not locally representative (Redly and

Gibs, 1993). Substantial vertical hydraulic gradients,

even in shallow homogeneous aquifers, have been

observed to bias samphng using conventional purging

because the majonty of the pumped water may come

from a particular honzon not related to the contarm-

nated zone and because the mtra-well flow that

intruded the aquifer may not be adequately removed

dunng purging (Hutchlns and Acree, 2000) Thus,

differences may be observed between concentrations

obtained from a pumped sample and from a PDB

sample in a cherracally stratified interval if the pumped

sample represents an integratmn of water collected

from multiple honzons and the PDB sampler repre-

sents water collected from a single horizon.

Low-flow purging and sampling (Barcelona and

others, 1994; Shankhn and others, 1995) drsturbs the

local ground water less than conventmnal purge-and-

sample methods. Thus, samples obtained by PDB

samplers are likely to be more simalar to samples

obtmned by using low-flow purging than to those

obtained by using conventional purge-and-sample

methods. Even under low-flow conditions, however,

purging still can Integrate water within the radms of

pumping influence, potentially resulting in a deviation

from VOC concentrations obtained by PDB samphng.

One mvestlgatmn found that in low hydrauhc conduc-

tivity formations, low-flow sampling methodology

caused excessive drawdown, which dewatered the

screened interval, increased local ground-water velocl-

Ues, and caused unwanted collmd and soil transport

rato the ground-water samples (Sevee and others,

2000) The authors suggest that in such cases, a more

appropriate sampling methodology may be to collect a

slug or passive sample from the well screen under the

assumption that the water in the well screen is in

equthbrium with the surrounding aquifer.

Isolating a particular contributing fracture zone

with straddle packers in an uncased borehole allows

depth-discrete samples to be collected from the target

honzon (Hsleh and others, 1993; Kammsky and Wylie,

1995). Strategically placed straddle packers often can

rranlrmze or ehrmnate the impact of vertical gradients

m the sampled interval However, even within a

packed interval isolating mflowmg fracture zones,
dewatmns between VOC concentrations In water from

PDB samplers and water sampled by conventional

methods still may occur if the conventional method

n'axes chemically stratified water outside the borehole

or If the packed interval straddles chermcally heteroge-
neous zones.

The use of multilevel PDB samplers and other

types of multilevel samplers (Ronen and others, 1987;

Kaplan and others, 1991; Schirmer and others, 1995;

Gefell and others, 1999; Jones and others, 1999) poten-
tially can delineate some of the chemical stratification.

Diffusion sampling and other sampling methodologies,

however, can be influenced by vemcal hydraulic 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 mixing of water from other contribut-

ing intervals within the borehole In a screened well,

even multdevel samplers with baffles to hmit vertical

flow m the well cannot prevent influences from

Determining Applicability of Passive Diffusion Bag Samplers, and Interpretation of Data 13
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vertical flow m the gravel pack outside the well

screen. Such vertical 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 ranging from undetectable
to 0.49 ft were sufficient to cause substantial flows

(as much as 0.5 hters/mmute) m the well bore.

QUALITY CONTROL AND ASSURANCE

The sources of vanabihty and bias introduced

during sample collection can affect the Interpretation

of the results. To reduce data variability caused dunng

sampling, a series of quahty-control samples should
be utihzed.

Rephcate samples are important for the quality

control of diffusion-sampler data. Sample replicates

provide information needed to estimate the precision
of concentration values determined from the combined

sample-processing and analytical method and to

evaluate the consistency of quantifying target VOCs.

A replicate sample for water-filled diffusion samplers
consists of two separate sets of VOC vials filled from

the same diffusion sampler. Each set of VOC vials

should be analyzed for comparison. Approximately

10 percent of the samplers should be replicated.

The length of the PDB sampler can be adjusted

to accommodate the data-qualrty obJectives for the

sampling event The length can be increased ff addi-

tional volume is required for collection of replicate

and matrix spike/matrix spike duplicate samples.

Trip blanks are used to deterrmne whether exter-

nal VOCs are contaminating the sample due to bottle

handhng and/or analytical processes not associated

with field processing. Trip blanks are water-filled

VOA vials prepared offslte, stored and transported

with the other bottles used for collecting the envlrun-

mental sample, and then submrtted for analysis with

the environmental sample. Consideration also should

be given to the collection of a predeployment PDB trip

blank to determine if the PDB samplers are exposed to

extraneous VOCs prior to deployment. The predeploy-

merit trip blank should be a PDB sampler that is stored

and transported with the field PDB samplers from the

time of sampler construction to the time of deploy-

ment in the wells. An aliquot of the predeployment

blank water should be collected from the PDB sampler

m a VOA vial and subrmtted for analysrs 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 reeqmlibrate with surrounding water once the

diffusion samplers are deployed, some VOCs may

become trapped within the diffusion-sampler water.

For example, acetone, which is a common laboratory

contaminant, does not easily move through the poly-

ethylene diffusion samplers (Paul Hare, General Elec-

tric Company, oral commun., 1999). Thus, acetone

inadvertently introduced into the diffusion-sample

water during sampler construction may persist in the

samplers, resulting ra a false posmve for acetone after

sampler recovery and analysis.

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.

Amp blank is collected from a PDB sampler that Is

stored and transported with the field PDB samplers

between the time of sampler construction and deploy-

ment m the well. The water for the trip blank Is

collected from the PDB sampler m VOA wals at the

time of sampler deployment.

SUMMARY

Water-filled passive diffusion bag (PDB) sam-

piers described in this report am suitable for obtaining

a variety of VOCs m ground water at momtormg wells.

The suggested application for PDB samplers is for

long-term monitoring of VOCs m ground-water wells

at well-characterized sites. Where the screened interval

Is greater than 10 ft, the potential for contaminant

stratification and/or lntra-borehole flow within the

screened interval is greater than in screened intervals

shorter than 10 ft. It is suggested that the vertical distri-

bution of contaminants be determined in wells having
10-ft-long well screens, and that both the vertical dis-

tnbution of contaminants and the potential for intra-

borehole flow be deterrmned m wells having screens

longer than 10 ft. A typical PDB sampler consists of a

1- to 2-ft-long low-density polyethylene lay-flat tube

closed at both ends and containing deionlzed water.

The sampler is posmoned at the target horizon by

attachment to a weighted line or fixed p_pe.

14 User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound
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The amount of time that the samplers should be

left m the well prior to recovery depends on the time

required by the PDB sampler to equihbrate with

ambient water and the time required for enwronmental

disturbances caused by sampler deployment to retum

to ambient conditions. The rate that water within the

PDB sampler equlhbrates with ambient water depends

on multiple factors, including the type of compound

being sampled and the water temperature. Concentra-

tions of benzene, cis-1,2-dichloroethene, tetrachlo-

rethene, tnchloroethene, toluene, naphthalene, 1,2-

dlbromoethane, and total xylenes within the PDB

samplers equlhbrated 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 mixed VOCs at 10 °C showed that tetrachloro-

ethene and trlchloroethene were equlhbrated by about

52 hours, but other compounds required longer equila-

bratlon times. Chloroethane, cis-1,2-dlchloroethene,

trans- 1,2-dichloroethene, and 1,1 -dlcbloroethene were

not equihbrated at 52 hours, but appeared to be equili-

brated by the next sampling point at 93 hours. Vinyl
chlonde, 1,1,1-trichloroethane, 1,2-dlchloroethane, and

1,1-&chloroethane were not equilibrated at 93 hours

but were equilibrated by the next sampling point at 166

hours. Different equdibration times may exist for other

compounds. Differences In equilibration times, if any,
between single-solute or rmxed-VOC solutions have

not yet been thoroughly examined.

The samplers should be left in place long enough
for the well water, contaminant dlstnbutlon, and flow

dynamics to restablhze following sampler deployment.
Laboratory and field data suggest that 2 weeks of

equilibration probably is adequate for many applica-

tions. Therefore, a minimum equilibration time of

2 weeks is suggested. In less permeable formations,

longer equilibration times may be required. When

deploying PDB samplers in waters colder than

previously tested (10 °C) or for compounds without

sufflcrent corroborating data, a side-by-side compari-
son with conventional methodology is advisable to

justify the field equilibration time.

Following the initial equdibration period, the

samplers maintain equilibrium concentrations with the

ambient water until recovery. Thus, there is no speci-

fied maximum time for sampler recovery after lnitml

equdthration. PDB samplers have routinely been left m

ground waters having concentrations of greater than
500 ppm of TCE for 3 months at a time with no loss of

627

bag lntegnty, and at one sJte, the PDB samplers were

left in place in VOC-contammated 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 some environ-

ments, development of a blofilm on the polyethylene

may be a consequence of long-term deployment.
Investlgatrens of semipermeable membrane devices

(SPMDs) have shown that the transfer of some

compounds across a heavily biofouled polyethylene

membrane may be reduced, but not stopped. If a heavy

organic coating is observed on a PDB sampler, _t is

advisable to deternune the integrity of the sample by

companng sampler results to a conventional sampling
method concentrations before continuing to use PDB

samplers for long-term deployment in that well

PDB methodology is statable for a broad variety

of VOCs, including chlonnated ahphatlc compounds

and petroleum hydrocarbons. The samplers, however,

are not suitable for inorganic ions and have a limited

applicability for non-VOCs and for some VOCs. For

example, although methyl-tert-butyl ether and acetone

and most sermvolatlle 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 potential for the

LDPE to contribute phthalates to the water sample.

When attempting to determane whether the use

of PDB samplers IS appropriate at a particular well, a

common approach is to do a side-by-side comparison

with a conventional sampling method. This approach is

strongly suggested in wells having temporal concentra-

tion variability. In a well having relatively low tempo-

ral concentration vanabihty, comparison of the PDB-

sampler results to hlstoncal concentrations may pro-
vide enough information to determane whether the

PDB samplers are appropnate for the well. In general,

if the two approaches produce concentrations that

agree within a range deemed acceptable by the local,

state, and Federal regulatory agencies, then use of a

PDB sampler in that well will provide VOC concentra-
tions consistent w_th the historical record If concentra-

tions from the PDB sampler are higher than concentra-

tions from the conventional method, then it is probable

that the concentrations from the PDB sampler are an

adequate representation of ambient condmons. If, how-

ever, the conventional method produces concentrations

Summary 15

90



I G27 91

I
I

I

I

I

i

I

I

I
I

I

I
I

I

I

I
I

I

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 ambl-

ent conditions. In this case, the difference may be due

to a variety of factors, including rruxing or transloca-

tion due to hydraulic and chermcal 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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Background

The Regional Superfund Ground Water Forum is a

group of ground-water scientists, representing EPA's

Regional Superfund Offices, organized to exchange

Information related to ground-water remed=ation at Superfund
srtes. One of the major concerns of the Forum is the

sampltng of ground water to support site assessment and

remedial performance monitoring objectives. This paper is
Intended to provide background information on the
development of low-flow sampling procedures and its

application under a variety of hydmgeologlc settings. It is
hoped that the paper wdl support the production of standard

operating procedures for use by EPA Regional personnel and
other environmental professionals engaged m ground-water
sampling.

For further information contact. Robert Puls, 405-436-8543,

Subsurface RemedlatJon and Protection DNision, NRMRL,
Ada, Oklahoma

I. introduction

The methods and objectives of ground-water
sampling to assess water quahty have evolved over hme.

Initially the emphasis was on the assessment of water quality
of aquifers as sources of dnnklng water Large water-beanng

units were _dentified and sampled in keeprng with that
objective. These were highly productive aquifers that

supphed dnnkmg water via pnvate wells or through public

water supply systems Gradually, with the increasing aware-

ness of subsurface pollution of these water resources, the
understanding of complex hydrogeochemlcal processes
whch govern the fate and transport of contaminants in the

subsurface increased. Thts increase in understanding was
also due to advances m a number of scientific dlsciphnes and
=mprovements In tools used for site characterization and

ground-water samphng. Ground-water quahty mvestlgatsons
where pollution was detected indlafly borrowed ideas,
methods, and matenats for s_te charactenzat_on from the

water supply field and water analysis from pubhc health
practices. This Included the matanals and manner m which
monitonng wells were installed and the way in wh=ch water

was brought to the surface, treated, preserved and analyzed.

The prevadmg conceptual ideas mctuded convenient generah-
zahons of ground-water resources in terms of large and
relatwely homogeneous hydrologic units. Wrth tlille it became

apparent that convenhonal water supply generahzabons of

homogeneity did not adequately represent field data regard-
mg pollution of these subsurface resources. The important

role of heterogeneltybecame zncreasmgly clear not only in
geologic terms, but also In terms of complex physiCal,

Watlonal Risk Management Research Laboratory, U.S. EPA
=University of Michigan

s
• *JPP'Ofl •

I act _.
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Superfund Technology Support Center for
Ground Water

National Risk Management Research Laboratory
Subsurface Protection and Remedtation Division
Robert S. Kerr Environmental Research Center
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chemical and biological subsurface processes W=th greater

appreclat=on of the role of heterogenedy, it became evident
that subsurface pollution was ubiquitous and encompassed

the unsaturated zone to the deep subsurface and included
unconsolidated sediments, fractured rock, and aqultards or

low-yielding or impermeable formations. Small-scale pro-
cesses and heterogeneltles were shown to be Tmportant In

identifying contaminant dlstnbuttons and in controlling water

and contam=nant flow paths.

It Is beyond the scope of this paper to summanze all

the advances tn the field of ground-water qualify mvestLga-
t=ons and remed=atton, but two particular issues have beanng

on ground-water samplrng today: aquifer heterogeneity and

colloidal transport Aquifer heterogenedles affect contaminant

flow paths and include variations in geology, geochemistry,
hydrology and mcrobtology As methods and the tools
avadable for subsurface mvestlgahons have become mcreas-

=ngly sophisticated and understanding of the subsurface
environment has advanced, there is an awareness that m

most cases a primary conoem for s=te investigations is
characteezatton of contaminant flow paths rather than entire

aqutfers In fact, in many cases, plume thickness can be less
than well screen lengths (e.g., 3-6 m) typically installed at
hazardous waste rotes to detect and monitor plume movement

over time Small-scale d=fferences have increasingly been

shown to be imporfant and there fs a general trend toward
smaller diameter wells and shorter screens.

The hydrogeochemtcal significance of oollotdal-slze

parttcles in subsurface systems has been realized dunng the
past several years (Gschwend and Reynolds, 1987, McCarthy
and Zachara, 1989, Puls, 1990; Ryan and Gschwend, 1990).
This reahzat=on resulted from both field and laboratory stud=es

that showed faster contaminant mEgratlon over greater
distances and at higher concentrations than flow and trans-

port model predictions would suggest (Buddemmer and Hunt,
1988, Enfield and Bengtssen, 1988, Penrose et al., 1990).

Such models typtcally account for interaction between the
mobile aqueous and immobile solid phases, but do not allow

for a mob=le, reactive solid phase It is recognltton of this third
phase as a possible means of contaminant transport that has

brought increasing attention to the manner in which samples
are collected and processed for analysts (Puls et al, 1990,

McCarthy and Degueldre, 1993; Backhus et aL, 1993; U. S.

EPA, 1995) If such a phase =spresent in sufftclent mass,
possesses high sorption reaetlvlfy, large surface area, and

rema=ns stable in suspension, =tcan serve as an important

mechanism to facphtate contaminant transport in many types
of subsurface systems.

Colloids are particles that are sufficiently small so

that the surface free energy of the particle dominates the bulk
free energy Typically, in ground water, th=s includes particles

with dtameters between 1 and 1000 nm. The most commonly

observed mobde particles include: secondary clay minerals;
hydrous _ron, aluminum, and manganese oxides; dissolved

and particulate organic matenals, and v=ruses and bactena.

These reactive parttcles have been shown to be mobile under

a vanefy of conditions =n both field stud=es and laboratory
column expenments, and as such need to be included tn

mondonng programs where identthcatlon of the total mobile
contaminant loading (dissolved + naturally suspended

parf¢les) at a site is an objectrve, To that end, sampling
methodologies must be used which do not artiflc=ally bias

naturally suspended particle concentrations

Currently the most common ground-water purging

and sampling methodology is to purge a well using bailers or

high speed pumps to remove 3 to 5 casing volumes followed

by sample collectton. This method can cause adverse impacts
on sample quality through collection of samples wzth high
levels of turbidity. This results in the inclumon of otherwise

Jmmobtle artifactual particles which produce an overestima-

tion of certain analytes of interest (e g., metals or hydrophob_c
organ=c compounds) Numerous documented problems

associated with filtration (Danielsson, 1982: Laxen and
Chandler, 1982; Horowltz et al, 1992) make this an undesir-

able method of rectifying the turbidity problem, and include

the removal of potentially mobile (contaminant-associated)

particles dunng filtration, thus arfd¢ially biasing contaminant
concentrations low. Samphng-mduced turbldtty problems can

often be mitigated by using low-flow purging and samphng

techn=quas.

Current subsurface conceptual models have under-

gone constderable refinement due to the recent development
and increased use of field screening toots. So-called

hydraulic push technologies (e.g., cone penetrometer,

Geoprobe_), QED HydroPunch_) enable relatively fast
ssreenmg site charactenzabon whtch can then be used to

dasrgn and instatl a monltonng well network. Indeed,
altemat=ves to convenhonal monltonng wells are now being

considered for some hydrogeologic settings. The ulttmate
design of any monltonng system should however be based

upon adequate site characterization and be conmstent with

established monttonng objectives.

If the sampling program objecbves include accurate

assessment of the magnttude and extent of subsurface
contamtnatton over time and/or accurate assessment of

subsequent remedial performance, then some reformation
regarding plume dehneatlon in three-dimensional space is

necessary prior to monitoring well network design and
installation. This can be accomphshed with a variety of

different tools and equipment ranging from hand-opereted

augers to screening tools mentmned above and large dnlhng

ngs. Detmled reformation on ground-water flow velocity,
direction, and honzontal and verttcal vanablllty are essent=al

basehne data requirementS. Detailed soil and geologic data
are required pnor to and dunng the mstallahon of sampling

points. This includes hlstoncal as well as detailed sod and

geologic logs whch accumulate dunng the site mvesttgabon.
The use of borehole geophys=cal techniques Csalso recom-
mended. With this informat=on (together with other rote

characterization data) and a clear understanding of sampling

2

I
I

I
I

I
I

I

I
I

I

I
I
I

I
I

I
I
I



!

I

I

I

I

I

I
I
I

I
I

I

I
I
I
I

I
I
I

obiect=ves, then apprepr=ate location, screen length, well
d=ameter, slot atze, etc. for the monitonng weir network can be
decided This is especially cntlcal for new in sltu remedial

approaches or natural attenuation assessments at hazardous
waste s=tes

In general, the overall goal of any ground-water

samphng program Is to collect water samples with no alter-

at=on =n water chem=stry; analytical clara thus obtained may be

used for a vanety of specific monitoring programs depending
on the regulatory rrequ_rements. The sampling methodology
descr=bod in th=s paper assumes that the momtonng goal is to
sample monvtonng wells for the presence of contaminants and

_t =sapphcable whether mobile cono=ds are a concern or not

and whether the analytes of concern are metals (and metal-
Io=ds) or organ=c compounds.

II. Monitoring Objectives and Design
Considerations

The following =ssues are important to consider prior
to the design and =mplementatton of any ground-water

mon=torrng program, mcludmg those which ant¢lpate using
low-flow purging and sampling procedures.

A. Date Quality Objectives (DQOs)

Mon=tonng oblectNes include four main types:
detect=on, assessment, corrective-action evaluation and

resource evaluation, along with hybnd vanahons such as site-

assessments for property transfers and water availability
mvest=gahons. Mon=tonng objectives may change as contami-
nahon or water quahty problems are discovered. However,

there are a number of common components of momtonng

programs whch should be recognized as important regard.
less of initial obJectives. These components ;nclude:

1) Development of a conceptual model that rncorporates

elements of the regional geology to the local geolog¢
framework. The conceptual model development also

includes mttml site charactenzahon efforts to _dect=ty

hydrostrahgraph=c units and hkely flow-peths using a
mJn=mum number of bonngs and well completions;

2) Cost-effectwe and well documented collection of high
quality data ut=liz=ng rumple, accurate, and reproduc.
=ble techntques, and

3) Rehnement of the conceptual model based on

supplementary data collection and analyms.

These fundamental components serve many types of monltor-

ang programs and prewde a basis for future efforts that evolve
=n complexity and level of spetml detail as purposes and
obiechves expand H=gh quahty, reproducible data collection

=sa common goal regardless of program objectives.

High duahty data collection =mphes data of sufficient

accuracy, prec=mon, and completeness (=e., rat=o of valid

analytcal results to the mrnlmum sample number called for by
the program design) to meet the program objecbves. Accu-

racy depends on the correct choice of mondonng tools and
procedures to mmfmtza sample and subsurface d=sturbance

from collect=on to analysis. Prec=mon depends on the
repeatabdity of samphng and analytcal protocols. It can be

assured or improved by rephcatton of sample analyses
metudlng blanks, held/lab standards and reference standards

B. Sample Representativeness

An tmportant goal of any monitonng program is
cotlechon of data that is truly representat=ve of conditions at

the site. The term reprasentabveness apphes to chemcal and

hydrogeologic data collected via wells, bonngs, piezometers,
geophysical and soil gas measurements, lys=meters, and

temporary samphng points, it revolves a recogmbon of the

statistical vanablllty of tndwldual subsurface physical proper-
t_es, and contaminant or major Ion concentration levels, whde

explaining extreme values. Subsurface temporal and spatial
vanability are facts. Good professional practice seeks to

max=mlze representatNeness by using proven accurate and
reproducible techniques to define hmits on the dvstnbutlon of

measurements collected at a rote However, measures of

reprosentatweness are dynamJc and are controlled by
evolving site charactenzation and monitonng objectives. An

evolutionary site charactenzatlon model, as shown m Fig*
ure 1, provides a systemattc approach to the goal of consis-
tent data collechon.

IP _ "mD, DeflnaProgram_l_,bv_

I $
r_a_h _ Ou_th_y

_p_

• 4P- i _ I_e_miP_eoeell 4- _ J) MMISnegic_om

Figure 1 Evolutionary Site Characterization Model

The model emphasizes a recognttion of the causes of the

vanabihty (e.g., use of mappropnate technology such as using
baders to purge wells; =mprectse or operator-dependent
methods) and the need to control avo)dable errors.
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1) Questtons of Scale

A sampling plan designed to collect representative
samples must take into account the potential scale of

changes m sde conditions through space and t_me as well as
the chemical associations and behavior of the parameters

that are targeted for mvestlgahon. In subsurface systems,

phystcal (i.e., aquifer) and chemical properties over time or
space are not statistically Lndependent. In fact, samples
taken m close proximity (i.e., within distances of a few meters)

or within short time periods (Le., more frequently than

monthly) are highly auto-correlated Thts means that designs

employing hlgh-ssmplmg frequency (e.g., monthly) or dense
spatml monltonng designs run the nsk of redundant data
collectton and mzsleadlng inferences regarding trends In
values that aren't statistically valid. In practice, contaminant

detection and assessment momtonng programs rarely suffer

these over-samphng concerns. In correctwe-actlon evaluation

programs, it is also posmble that too little data may be
collected over space or time. In these cases, false interpreta-

tion of the spatml extent of contamination or underestimation

of temporal concentrahon vanabthty may result.

2) Target Parameters

Parameter selection in monttonng program design _s
most often dictated by the regulatory status of the site

However, background water quality constituents, purging

indicator parameters, and contaminants, all represent targets
for data collection programs. The tools and procedures used

in these programs should be equally ngoreus and applcable

to all categories of data, since all may be needed to deter-

mine or support regulatory action

C. Sampling Point Design and Construction

Detailed site characterization ts central to all

decision-making purposes and the basis for th_s characteriza-
tion resides _n =dentd_catlon of the geologic framework and

major hydro-stratlgraphnc umts Fundamental data for sample
point location include, subsurface hthology, head-differences

and background geochemical conditions. Each sampling point

has a proper use or uses whtch should be documented at a
level which is appropriate for the program's data quality

obJectwes. Individual samphng points may not always be
able to fulfill multiple monitoring objecttves (e g., detection,

assessment, corrective actton).

1) Compahbd_ty with Monitoring Program and Data
Quality Objectwes

Specifics of samphng point Iocatton and demgn will
be dictated by the complexdy of subsurface hthology and

variablhty in contaminant and/or geochemical cond_t=ons. It

should be noted that, regardless of the greund-water sam-
pling approach, few sampflng points (e g, wells, dnve-pomts,

screened augers) have zones of influence m excess of a few

feet. Therefore, the spatial frequency of samphng points

should be oareJully selected and designed.

2) Flexibility of Samphng Point Design

In most cases well-point diameters in excess of 1 7/8

inches wdl permit the use of most types of submersible
pumping devices for low-flow (minimal drewdown) samphng

It Is suggested that short (e.g, less than 1.6 m) screens be

incorporated into the monitonng design where posslbte so
that comparable results from one device to another might be

expected. Short, of course, is relatwe to the degree of vertical

water quality vanabdity expected at a rote.

3) Equilibratton of Sampling Point

Time should be allowed for equdlbrahon of the well

or sampling point wtth the formation after mstallatton Place-
merit of well or samphog points in the subsudsce produces
some disturbance of ambient coodzhons. Dnlhng techniques

(e.g., auger, rotary, etc.) are generally considered to cause
more disturbance than direct-push technologmes. In etther

case, there may be a penod 0.e., days to months) dunog

wh;ch water quahty near the point may be distinctly different
from that m the formation. Proper development of the sam-

phng point and adjacent formation to remove fines created

dunng emplacement will shorten this water quality recovery

period.

III. Definition of Low-Flow Purging and Sampling

It Js generally accepted that water m the well casing
zs non-representattve of the formation water and needs to be

purged prior to collection of ground-water samples. However,
the water in the screened interval may indeed be representa-

tive of the formation, depending upon well constructton and
sde hydrogeoiogy Wells are purged to some extent for the

following reasons: the presence of the air interface at the top

of the water column resulting =n an oxygen concentration
gredmnt wtth depth, loss of volatdes up the water column,

leaching from or sorptlon to the casing or filter pack, chemical
changes due to clay seals or backfill, and surface infiltration

Low-flow purging, whether using portable or dedi-

cated systems, should be done using pump-retake located m
the middle or slightly above the middle of the screened
interval Placement of the pump too close to the bottom of the
well w=ll cause increased entrainment of sohds which have

collected In the well over time These particles are present as
a result of well development, prior purging and samphng

events, and natural collotdal transport and deposmon.
Therefore, placement of the pump in the middle or toward the

top of the screened interval is suggested. Placement of the

pump at the top of the water column for sampling is only
recommended in unconfined aquifers, screened across the

water table, where this =s the desired samphog point. Low-
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flow purging has the advantage of mmlmJzing mixing between
the overlying stagnant casing water and water wdhtn the
screened interval

A. Low-Row Purging and Sampling

Low-flow refers to the velocity with whzch water

enters the pump intake and that is imparted to the formation
pore water in the Jmmedlate vlcmtty of the well screen. It

does not nacessanly refer to the flow rate of water discharged
at the surface whrch can be affected by flow regulators or
restnctlons. Water level drawdown provides the best indlca-

t=on of the stress =mparted by a gwen flow-rete for a given

hydrologcal situation. The objective is to pump in a manner
that mtn_mlzes stress (drawdown) to the system to the extent

practical taking into account established site sampling
objectives. Typ=cally, flow rates on the order of 0.1 - 0.5 L./mm

are used, however thts is dependent on site-specific
hydrogeology, Some extremely coarse-textured formations

have been successfully sampled m this manner at flow rates

to 1 L/m_n. The effectiveness of using low-flow purging is
intimately hnked with proper screen Iccatzon, screen length,
and well constructton and development techniques. The
reestabhshment of natural flow paths in both the vertical and

horizontal directions is rmporfant for correct mterpratahon of
the data, For high reselutlon samphng needs, screens less

than 1 m shouJd be used, Most of the need for purging has
been found to be due to passing the sempJmg dewce through
the overlying casing water which causes m_xmg of these

stagnant waters and the dynamrc waters wdhm the screened
Interval AddJbonally, there is disturbance to suspended

sedtment collected _n the bottom of the casing and the

displacement of water out mto the formation immedlateJy

adJacent to the well screen. These dpsturbances and impacts
can be avoided using dedicated samphng equipment, which

precJudes the need to insert the sampling dewce pnor to
purging and samphng.

Isolation of the screened Jnterval water from the

ovedyJng stagnant casing water may be accomphshed using
low-flow minimal drawdown techniques. If the pump intake is
located within the screened interval, most of the water

pumped will be drawn In directly from the formatJon wtth little

mixing of casing water or disturbance to the sampling zone

However, if the wells are not constructed and developed

propedy, zones other than those intended may be sampled

At some sJtes where geologic haterogeneltias are sufficiently
different within the screened rnterval, higher conductivity
zones may be preferenhaily sampled. This is another reason

to use shorter screened intervals, especially where high
spattal resolution is a samphng obtect=ve

B. Water Quaflty Indicator Parameters

It Is recommended that water quality Indicator

parameters be used to determine purging needs prior to
sample collectton in each well Stabdization of parameters

such as pH, specific conductance, dJssolved oxygen, oxzda-

5

tlon-reductlon potential, temperature and turbidity should be

used to determine when formahon water =saccessed dunng
purging, In general, the order of stabikzahon is pH, tempera-
ture, and specd_c conductance, followed by oxldahono

reduchon potenbal, dissolved oxygen and turbidity. Tempera-
ture and pH, whde commonly used as purging mdcators, are
actually qude msensJhve m dJstmgu=shmg between formahon

water and stagnant casmg water; nevertheless, these are

Important parameters for data Interpratat4on purposes and
shoutd also be measured Performance cntena for determ=-

nation of stabll=zatton should be based on water-level draw-

down, pumping rate and equ=pment specd_catrons for measur-
ing indcator parameters Instruments are available whrch

utilize in--line flow ceils to contmuously measure the above
parameters

It zs important to establish specific well stablhzatlon

criteria and then consistently foltow the same methods

thereafter, part=culady with respect to drawdown, flow rate

and sampling dewce. Generally, the time or purge volume
required for parameter stablhzahon is independent of well
depth or well volumes. Dependent vanables are well dtam-

eter, samphng dewce, hydrogeochemtstry, pump flow rate,
and whether the devces are used m a portable or dedtcated

manner. If the samphng dewce _s already Jn place (Le.,

dedcated semphng systems), then the ttme and purge
volume needed for stabdlzabon Js much shorter. Other

advantages of dedicated equipment include less purge water
for waste d_sposal, much less decontamination of equipment,
lass time spent In preparation of samphng as well as time rn

the held, and more consistency in the semphng approach

which probably will translate into less variability m sampling
results. The use of dedcated equipment =s strongly recom-

mended at wells whch will undergo roubne samphng over
trine.

If parameter stablllzahon cntena are too stnngent,
then re=nor oscrllahons in Indicator parameters may cause

purging operations to become unnecessarily protracted. It
should also be noted that turbidity is a very oonservatrva

parameter in terms of stabtr_zatlon. Turb=d_ty is always the
last parameter to steb=hze. Excesswe purge tzmes era

mvanably related to the estabhshment of too stnngent turbidity
stabtiCzation cntsna. It should be noted that natural turbidity

levels in ground water may exceed 10 nephelometne turbCdtty
un=ts (NTU).

C. Advantages and Disadvantages of Low-Flow

(Minimum Drswdown) Purging

In general, the advantages of low-flow purging
include

• samples which are representabve of the mobile load of
contaminants present (d=ssolved and collold-assoct-
ated);

• ram=real d_sturbance of the samphng point thereby
mm=mlzrng samphng artifacts,

• less operator vanablhty, greater operator control,
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reduced stress on the formation (minimal drawdown)

less mixing of stagnant casing water with formation
water

reduced need for filtration and therefore less time

required for sampling;

smaller purging volume which decreases waste

disposal costs and sampling time;
better sample consistency; reduced artificial sample

vanabd*ty

Some disadvantages of low-flow purging are:

• higher initial capital costs,
• greater set-up time in the field,

• need to transport additional equipment to and from the
sits,

• Increased training needs

• resistance to change on the part of sampling practitio-
ners,

• concern that new data will rod=sate a change m

conditions and tngger an action

IV. Low-Flow (Minimal Drawdown) Sampling
Protocols

The following ground-water sampling procedure has
evolved over many years of expenence in ground-water

samphng for organ=c and morgan¢ compound determlnahons

and as such summanzes the authors' (and others) expen-
ences to date (Barcelona et aL, 1984, 1994; Bamelona and

Helfrich, 1986; Pule and Barcelona, 1989, Pule et. al 1990,
1992; Pule and Powell, 1992. Pule and Paul, 1995). High-

quality chemical data collection is essential in ground-water

momtonng and site charactenzahon. The primary hmitations
to the collecbon of representative ground-water samples
Include. mixing of the stagnant casing and fresh screen

waters during mserbon of the sampling dewce or ground-
water level measurement device; dtsturbance and

resuspenslon of settled sohds at the bottom of the well when

using high pumping rates or ratsing and Iowenng a pump or
bader, introduction of atmospheric gases or degassmg from

the water during sample handhng and transfer, or mappropn-

ate use of vacuum samphng dewce, etc

A. Sampling Recommendations

Water samples should not be taken immedtately

following well development. SuffcJent time should be allowed

for the ground-water flow regime in the vicinity of the monitor-
ing well to stabdlze and to approach chemical equfilbnum with
the well construction matenals. This lag time wdl depend on
site condlhons and methods of installation but often exceeds
one week

Well purging ts nearly always necessaP/to obtain

samples of water flowing through the geologic formations in
the screened interval Rather than using a general but

arbitrary guldehne of purging three casing volumes pnor to

samphng, it is recommended that an m-hne water quahty
measurement device (e.g, flow-through cell) be used to
estabhsh the stabdtzatmn brae for several parameters (e g.,

pH, specff=c conductance, redox, dissolved oxygen, turbld=ty)

on a well-specific basts. Data on pumping rate, drawdown,
and volume required for parameter stabihzatmn can be used

as a guide for conducting subsequent samphng achwbes

The following are recommendahons to be considered

before, dunng and after sampling"
• use low-flow rates (<0.5 L/rain), dunng both purging

and samphng to matntatn mtntmal drawdown m the

well;

• maxtm_ze tubing wall thickness, m_ntmtze tubtng

length;
• place the sampling device intake at the desired

samphng point,
• m_n_mlze d_sturbances of the stagnant water column

above the screened _nterval during water level

measurement and samphng device insartlon;
• make proper adjustments to stabdlze the ftow rate as

soon as possible;
• monitor water quahty ind_cators dunng purging,

• collect unfiltered samples to estimate contaminant

loading and transport potential in the subsurface

system.

B. Equipment Calibration

Prior to samphng all samphng device and monttonng

equipment should be calibrated according to manufacturer's
recommendations and the site Quality Assurance Project Plan

(QAPP) and Field Samphng Plan (FSP) Calibration of pH

should be performed with at least two buffers which bracket
the expected range Drssoived oxygen calibration must be
corrected for local barometric pressure readings and eleva-
tion

C. Water Level Measurement and Monitoring

It ts recommended that a dewce be used which wdl

least disturb the water surface in the casing. Well depth

should be obtained from the well logs. Measunng to the
bottom of the well casing will only cause resuspension of

settled sohds from the formation and require longer purging

ttmes for turbtdtty equihbrahon Measure well depth after
samphng is completed The water level measurement should

be taken from a permanent reference point which is surveyed
relative to ground elevation.

D. Pump Type

The use of low-flow (e.g., 0.1-0.5 L/min) pumps is
suggested for purging and samphng all types of analytes. All

pumps have some hmltatlon and these should be inveshgated

with respect to apphcatlon at a particular sde. Bailers are

inappropnate devices for low-flow samphng.

I
I
I

I

I
I

I

I
I

I

I
I
I

I

I

I

I
I



! 627 101

I

I

I
I
I
I
I
I
I
I
I

I
I
I
I
I
I

1) General Considerations

There are no unusual requirements for ground-water
sampling devices when usm 9 low-flow, minimal drawdown

techntquas The major concern _sthat the device give

consistent results and minimal disturbance of the sample

across a range of/owflow rates (Le., < 0.5 Umm). Clearly,
pumping rates that cause minimal to no drawdown In one well
could easily cause s/gn/hcant drawdown m another well

finished in a less transmissive formation. In this sense, the

pump should not cause undue pressure or temperature

changes or physical disturbance on the water sample over a
reasonable sampling range. Consistency in operation is
critical to meet accuracy and precision goals

2) Advantages and Disadvantages of Sampling Devices

A variety of sampling devices are available for low-

flow (minimal drawdown) purging and sampling and include
penstalt¢ pumps, bladder pumps, electncal submersible

pumps, and gssodnven pumps. Devices which lend them-

selves to both pedlcatlon and consistent operation at defin-

able low-flow rates are preferred. It is desirable that the pump
be easily adjustable and operate rehably at these lower flow

rates. The penstaltlc pump is bruited to shallow applications

and can cause degsssing resulting in alteration of pH,

alkalinity, and some volattles loss. Gas-dnven pumps should
be of a type that does not allow the gas to be in direct contact
with the sampled fluid.

Clearly, baJlers and other grab type samplers are Ill-

suited for low-flow sampling since they will cause repeated

disturbance and mixing of stagnant water in the casing and
the dynamic water In the screened intee,'al. Slmdariy, the use
of rnertlal lift foot-valve type samplers may cause too much
disturbance at the poJnt of sampling Use of these devrces

also tends to introduce uncontrolled and unacceptable
operator vanabdity.

Summaries of advantages and disadvantages of

various sampling devices are listed in Herzog at al. (1991),
U. S. EPA (1992), Parker (1994) and Thumblad (1994).

E. Pump Installation

DedIated sampling devices (left in the well) capable
of pumping and sampling are preferred over any other type of

dewce Any portable sampling device should be slowly and
carefully lowered to the middle of the screened Interval or

slightly above the middle (e.g., 1-1.5 m below the top of a 3 m

screen) This is to mintmlze excessive mixing of the stagnant
water fn the casing above the screen with the screened

interval zone water, and to mlnlmJze resuspens_on of sohds
which will have collected at the bottom of the well These two

disturbance effects have been shown to directly affect the
time required for purging. There also appears to be a dlrsct

correlation between size of portable sampling dewces relative
to the well bore and resultm 9 purge volumes and times. The
key _s to m=n,mJze disturbance of water and soltds m the well
casing.

F. Filtration

Decisions to filter samples should be dictated by

sampling objectives rather than as a frx for poor sampling
practices, and fteld4iltenng of certain constrtuents should not

be the default Consideration should be given as to what the

apphcatton of fleld-filtratJon is trying to accomphsh. For

assessment of truly diSSolved (as opposed to operationally
dlsso/ved[t e., samples filtered wJth 0 45 ,um filters]) concen-
trations of major runs and trace metals, 0.1 pm filters are

recommended although 0.45 prn filters are normally used for
most regulatory programs. Alkahnlty samples must also be
filtered if signfflcant particulate calcium carbonate is sus-

pected, since this matenal is likely to _mpect alkalinity tJtratlon

results (although filtration itself may alter the CO= composition
of the sample and, therefore, affect the results).

Although filtration may be appmpnate, fdtration of a

sample may cause a number of unintended changes to occur
(e.g. oxidation, aeration) possibly leading to filtration-reduced
artifacts during sample analysis and uncertainty m the results.
Some of these unintended changes may be unavoidable but

the factors leading to them must be recognized. Deleterious

effects can be mimmlzed by consistent application of certain
filtration guidelines. Gmdelmes should address selection of

filter type, media, pore size, etc. m order to pdenttty end

minimize potential sources of uncertainty when flltenng
samples.

In-line filtration is recommended because it provides
better consistency through less sample handling, and

mmlmlzas sample exposure to the atmosphere. In-hne filters
are available in both disposable (barrel filters) and non-

disposable 0n-hne filter holder, flat membrane tilters) formats
and vanous filter pore sizes (0.1-5.0 pm). DJsposable filter

sartndges have the advantage of greater sediment handling
capacity when compared to tradrilonal membrane filters.
Fdters must be pre-nnsed rbllowmg manufacturer's recom-

mendations. If there are no recommendations for nnsmg,
pass through a minimum of 1 L of ground water following

purging and prior to sampling. Once filtration has begun, a
filter cake may develop as parbcles larger than the pore size
accumulate on the filter membrane. The result IS that the
effective pore diameter of the membrane _s reduced and

partrcles smaller than the stated pore size are excluded from

the filtrate Possible corrective measures include prefiltenng
(with larger pore size filters), mmfmtzmg particle loads to
begin with, and reducing sample volume.

G. Monitoring of Water Level and Water Quality
Indicator Parameters

Check water level penodically to mon_tor drawdown

rn the well as a guJde to flow rate adjustment. The goal Is

mlntmal drawdown (<0.1 m) dunng purging. This goal may be
dlfftcult to achieve under some circumstances due to geologic
heterogeneltles within the screened interval, and may require
adjustment based on s_te-spec_lc conditions and peraonal

experience. In-hne water quality indicator parameters should

be continuously monitored dunng purging The water qualJty

I
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tndcator parameters monitored can include pH, redox
potential, conductivity, dissolved oxygen (DO) and turbidity.
The last three parameters are often most sensitive. Pumping

rate, drawdown, and the tsme or volume required to obtain
stabdlzahon of parameter readings can be used as a future

guide to purge the well. Measurements should be taken

every three to five minutes if the above suggested rates are
used Stabd=zat=on is achieved after all parameters have

stabilized for three successive readings In lieu of measueng

all five parameters, a minimum subset would include pH,
conductivity, and turbidity or DO Three successive readings
should be within ± 0.1 for pH, ± 3% for conductivity, ± 10 mv

for redox potenttal, and ± 10% for turbidity and DO Stabzllzed

purge mdtcator parameter trends are generally obvious and
fol]ow edher an exponenhal or asymptotic change to stable
values during purging. Dissolved oxygen and turb=dzty usually

require the longest time for stabilization. The above stabthza-
tion gu_dehnes are provided for rough estimates based on

experience

H. Sampling, Sample Containers, Preservation and
Decontamination

introducing field contaminants into a sample bottle while

adding the preservatives

The preservatives should be transferred from the
chemical bottle to the sample container using a disposable

polyethylene pipet and the disposable ptpet should be used

only once and then discarded.

After a sample container has been fdled with ground
water, a Teflon _" (or tm)-hned cap _s screwed on tLghtly to

prevent the container from leaking A sample label is filled

out as specified m the FSP. The samples should be stored
inverted at 4°C.

Specific decontamination protocols for sampling

devices are dependent to some extent on the type of dewce
used and the type of contaminants encountered. Refer to the

site QAPP and FSP for specific requirements.

I. Blanks

The following blanks should be collected:

I

I

I

I
I

i
I

Upon parameter stabihzahon, sampling can be
re=hated. If an m-hne dewce ts used to monitor water quahty

parameters, It should be d_sconnected or bypassed dunng
sample collection. Sampling flow rate may remain at estab-

hshed purge rate or may be adjusted slightly to mtntmtze
aeration, bubble formation, turbulent filling of sample bottles,
or loss of volatLles due to extended residence time in tubing.

Typically, flow rates less than 0.5 L/mtn are appropnate. The
same device should be used for sampling as was used for

purgrng. Samphng should occur tn a progressTon from least to
most contaminated well, if this is known. Generally, volatde

(e 9., solvents and fuel constCtuents) and gas sensitive (e.g.,

Fe 2_, CH,, H2S/HS, alkalinity) parameters should be sampled
first. The sequence in which samples for most inorganic

parameters are collected ts immaterial unless fdtered (dis-
solved) samples are desired Filtering should be done last
and m-line fdters should be used as dJscussed above. Dunng

both well purging and sampling, proper protective clothing
and equipment must be used based upon the type and level
of contamrnants present

The appropnate sample container will be prepared in

advance of actual sample collectson for the analyles of
_nterest and include sample preservative where necessary.
Water samples should be collected dtrectly into this container

from the pump tubing.

Immediately after a sample bottle has been filled, =t

must be preserved as specified in the site (QAPP). Sample
preservatton requirements are based on the analyses being

performed (use site QAPP, FSP, RCRA guidance document

[U. S. EPA, 1992] or EPA SW-846 [U. S EPA, 1982] ). It
may be advisable to add preservatwes to sample bottles m a

controlled setting pnor to entering the field in order to reduce
the chances of improperly preserving sample bottles or

(1) field blank, one field blank should be collected from
each source water (dtstdled/delonzzed water) used for

samphng equipment decontammahon or for asststmg

well development procedures.

(2) equipment blank: one equipment blank should be

taken pnor to the commencement of field work, from
each set of sampling equipment to be used for that

day. Refer to site QAPP or FSP for specific require-
ments.

(3) tnp blank a tnp blank is requtred to accompany each
volatile sample shrpment. These blanks are prepared

tn the laboratory by filhng a 40-mL votatde organic

analysis (VOA) bottle wtth distllled/deLonEzed water.

V. Low-Permeability Formations and Fractured
Rock

The overall sampling program goals or sampling

objectives will dnve how the sampling points are located,
installed, and choice of samphng dewce Likewise, site-

specific hydrogeologlc factors will affect these dectslons.

Sites wdh very low permeabddy formations or fractures
causing dtscrete flow channels may require a unique monitor-

mg approach. Unhke water supply wells, wells installed for

ground-water quahty assessment and restoration programs

are often installed =n low water-yielding settings (e.g., clays,
silts) Altemahve types of sampling points and samphng
methods are often needed in these types of enwronments,

because Iow-permeabdlty settings may require extremely low-

flow purging (<0.1 L/min) and may be technology-hmded.
Where devices are not readdy available to pump at such low

flow rates, the pnmary consideration is to avoid dewatenng of
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the well screen This may require repeated recovery of the

water dunng purging while Isavmg the pump in place within
the well screen.

Use of low-flow techn=ques may be impractical in

these settings, depending upon the water recharge rates.
The sampler and the end-user of data collected from such

wells need to understand the limitations of the data collected,
t.e., a strong potentml for underestimation of actual contami-

nant concentrahons for volatile orgamcs, potential false

negatwes for filtered metals and potential false positives for
unfiltered metals It is suggested that compansons be made

between samples recovered using low-flow purging tech-

niques and samples recovered using pass=ve sampling
techn=ques (i.e., two sets of samples). Passive sample

collection would essentially entail acqu=s=tron of the sample

with no or very little purging using a dedicated sampling

system restarted within the screened interval or a passive
sample collect=on dewce

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

1. Low-Flow Purging and Sampling with Pumps

a. =portable or non-dedicated mode" - Lower the pump
(one capable of pumping at <0.1 LJmm) to mid-ssreen
or shghtly above and set m place for mmrmum of 48

hours (to lessen purge voJume requ=rements) After 48

hours, use procedures hated in Part IV above regard-
mg momtonng water quahty parameters for stabihza-
tion, etc, but do not dawater the screen. If exoesswe

drawdown and slow recovery is a problem, then

alternate approaches such as those listed below may
be better.

b, =dedicated mode" - Set the pump as above at least a
week prior to samphng; that _s, operate =n a dedicated

pump mode. Wdh thts approach sagmficant reductmns

m purge volume should be reahzed. Water quahty
parameters shouid stabdlze qutte rapidly due to less
disturbance of the samphng zone

2. Passrve Sample Collection

Passive samphng collecbon requires insertion of the

dewce Into the screened interval for a sufl¢lent time period to
allow flow and sample equilibration before extraction for
analysis. Conceptually, the extraction of water from low

yielding formations seems more akin to the collectron of water

from the unsaturated zone and passive samphng techmques
may be more appropnate m terms of obtamrng "representa-

twe" samples Sahsfymg usual sample volume requirements
Is typically a problem wffh this approach and some latitude wdl
be needed on the part of regulatory entities to ach}eve
sampling objectwes.

B. Fractured Rock

In fractured rock forrnattons, a low-flow to zero

purging approach using pumps in conlunctlon wffh packers to

isolate the sampling zone in the borehole _s suggested
Passwe mulh-iayer sampling dev=ces may also prowde the
most =represectatwe" samples It is Imperative rn these

settings to Identrfy flow paths or water-producing fractures
pnor to samphng using tools such as borehole fiowmeters
and/or other geophysical tools

After tdentdcatlon of water-beanng fractures, install

pecker(s) and pump assembly for sample coltectJon using
low-flow samphng In =dedcated mode" or use a pesswe

samphng devtce which can Isolate the identified water-beanng
fractures.

VI. Documentation

The usual practrces for decumentmg the samphng
event should be used for low-flow pu_gmg and samphng
techntques. Thts should include, at a minimum: mformahon

on the conduct of purging operations (flow-rate, drawdown,
water-quahty parameter values, volumes extracted and times
for measurements), field instrument cahbration data, water

samphng forms and chain of custody forms. See Figures 2

and 3 and "Ground Water Sampling Workshop -- A Workshop
Summary" (U. S. EPA, 1995) for example forms and other

documentation suggestions and information Th=s information
coupled with laboratory analytical data and validation data are

needed to judge the %saabihty" of the sampling data.

VII. Notice

The U.S. Environmental Protection Agency through Its Office
of Research and Development funded and managed the
research described herein as part of _ts m-house reseamh

program and under Contract No. 68-C4-0031 to Dynamac

Corporation. It has been subjected to the Agency's peer and
admm=stratwe review and has been approved for publmatmn
as an EPA document. Mention of trade names or commemJal
products does not constitute endorsement or recommenda-
tion for use.
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Figure 2. Ground Water Sampling Log

Project Site Well No.

Well Depth Screen Length Well Diameter

Sampling Device Tubing type

Measuring Point Other Infor

Date

Casing Type

Water Level

Sampling Personnel

Time pH Temp Cond. Dis.O 2 Turb. []Conc Notes

Type of SamplesCollected

Information: 2 in = 617 mlt/t, 4 in = 2470 mint: Vol, = n_h, Vol,m_, = 4/3n r =

11

105
J
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Ftgure 3. Ground Water Sampling Log (with automabc data logging for most water quahty
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

I
I

I

I
I

I

I

I

I
I
I

I

I

I

I
Type of Samples Collected

Information: 2 in = 617 mlrd, 4 In = 2470 mVfl: Volw_= nr_h, Volta,.. = 4/3n P

12
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