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PREFACE

The Remedial Action (RA) Sampling and Analysis Plan (SAP) prescribes those procedures necessary to
perform the ficld activitics, laboratory activitics, and other contract requircments related to RA support
for the Defense Depot Memphis, Tennessec, program. The RA SAP consists of two documents — the
Ficld Sampling Plan (FSP) and the Quality Assurance Project Plan (QAPP). This RA SAP was prepared
in accordance with the requirements of the U.S. Environmental Protection Ageney (USEPA) Guidance
Jor Quality Assurance Project Plans, EPA 600/R-98/018 (USEPA, 1998); the USEPA Reguirements for
Quality Assurance Project Plans, EPA 240/B-01/003 (USEPA, 2001); and the Air Force Center for
Environmental Excellence (AFCEE) Guidance for Contract Deliverables — Appendix B: Field Sampling
Plans, and Appendix C: Quality Assurance Project Plons (AFCEE, 2001).

The FSP describes ficld activitics to be performed and defines the procedurcs and methods required to
colleet ficld measurements and samples. The QAPP consists of information used to define and measure
data quality objectives (DQOs). Definition of the DQOs assists in dctermining the appropriate procedures
for ficldwork and laboratory analysis. The QAPP describes the quality assurunce and quality control

procedures necessary to meet project DQOs,

Key MACTEC Engincering and Consulting, Inc. (MACTEC) personnc participating in this project
include Mr. Thomas Holmes, Project Principal; Mr. Paul Brattord, Senior Chemist; Mr. John Quinn,
Senior Geologist; and Mr. David Price, Project Manager. The RA SAP was prepared by MACTEC under
Contract No. F41624-03-D-8606, Task Order Nos. 0038 and 0080, for AFCEE and the Defense Logistics

Agency.

Thomas FHolmes, PG John M. Quinn, PG
Project Principal Senior Geologist
Paul Brafford, CHMM David Price, PG
Senior Chemist Project Manager
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1.0 INTRODUCTION

MACTEC Engineering and Consulting, Inc., (MACTEC) has prepared this F ield Sampling Plan (FSP) as
part of the Remedial Action (RA) Samplng and Analysis Plan (SAP) under Contract No.
F41624-03-D-8606 for the Air Force Center for Environmental Excellence (AFCEE). The FSP outlines
the data collection and cvaluation procedures to be performed during design-related investigations, RAs,
and long-term monitoring at the Defense Depot Memphis, Tennessee (DDMT). The FSP includes
summaries of the site conditions, project objectives for sampling and measurement activities, and

procedures for monitoring data quahty.

1.1 SITE LOCATION AND DESCRIPTION

The Memphis Depot (formerly known as the Defense Distribution Depot Memphis, Tennessee, and
referred to in this report as “DDMT”) originated as a military facility in the early 1940s. Its initial mission
and function was to provide stock control, materiel storage, and maintenance services to the U.S. Army
(BRAC Cleanup Plan Version 3 [Memphis Depot Caretaker Division, Environmental Office, 1998]).
DDMT received, warchoused, and distributed supplies common to all U.S. military services and some
civil agencics located mainly in the southeastern United States, Puerto Rico, and Panama. Stocked items
included food; clothing; clectronic cquipment; petrolcum products; construction materials; and industrial,
medical, and general supplies. Approximately 4 million line items were reccived and shipped by DDMT
annually; total shipments amounted to approximately 107,000 tons of goods per year. In 1995, DDMT
was placed on the hst of the U.S. Department of Defense facilities to be closed under Base Realignment
and Closurc (BRAC). Storage and distribution of materiel for all U.S. military services and some civil

agencics continucd until the facility closed in September 1997.

DDMT is in southeastern Memphis, Shelby County, Tennessce, approximately 5 miles cast of the
Mississippi River and just northeast of Interstate 240 (Figure 1-1). The latitude and longitude are

35°05'11°N and 89°39'18"W. The sitc address is 2163 Airways Boulevard, Memphis, Tennessee 38114,

The property consists of approximately 642 acres and includes two components: the Main Installation
(MI), which comprises approximately 578 acres with open storage areas, warehouses, military family
housing, and outdoor recreational arcas, and Dunn Ficld, which comprises approximately 64 acres and

inciudes former muneral storage and waste disposal arcas.

050006 01 1-1
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Following closure, the U.S. Army Base Realignment and Closure Office in Fort Monroc, Virginia, is
responsible for property dispositions (transfers) and is considercd the owner. Four property transfers have
been completed, covering a total of 422 acres. The local reuse authority, Depot Redevelopment
Corporation (DRC), has a 50-yecar master lcase on the ML The entire DDMT property is zoned for Light
Industrial Use. Land usc controls have been established for all DDMT property with restdual impacts

above residential use criteria.

The lcad agency for the site activities at DDMT is the Defense Logistics Agency (DLA). The regulatory
oversight agencics are the U.S. Environmental Protection Agency (USEPA) Region 4 and the Tennessee
Department of Environment and Conscrvation (TDEC). DDMT’s USEPA Identification Number is
TN4210020570.

Important dates for DDMT in regard to environmental regulatory activitics include the following:

¢ In Janvary 1990, USEPA Region 4 conducted a Resource Conservation and
Recovery Act (RCRA) Facility Assessment (RFA) at the Memphis Depot through «
contract with A'T. Kearncy, Inc. (RCRA Facility Assessment [USEPA, 1990]). The
RFA resulted in the identification of 49 solid waste management units (SWM Us) and
8 arcas of concern (AOCs) at the facility.

*  On 28 September 1990, DDMT was issucd a RCRA Part B permit for the storage of
hazardous waste (No. TN4 210-020-570) by USEPA Region 4 and TDEC. The
Hazardous and Solid Waste Amendments (HSWA) portion of the permit issued by
USEPA included requirements for the identification and, if nccessary, corrective
action of SWMUs and AOCs. After issuing the permit, and in accordance with
Scction 120(d)(2) of the Comprehensive Environmental Response, Compcnsation,
and Liability Act (CERCLA) and Title 42, Section 9620(d)(2) of the U.S. Code,
USEPA prepared a final Hazard Ranking System (FIRS) Scoring Package for the
facility,

¢ On 14 October 1992, basced on the final HRS score of 58.06, USEPA added DDMT
to the National Prioritics List (57 Federal Register 47180 No. 199).

¢ On 6 March 1995, a Federal Facility Agreement (FFA) under CERCLA, Scction
120, and RCRA, Scctions 3008(h) and 3004(u) and (v), was cntered into by USEPA,
TDEC, and DLA Appendix C of the FFA (£Y94 Site Meanagement Plan)y identified a
list of the original sites for investigation. A BRAC Clecanup Plan subscquently
replaced the site management plan and included the list of sites for further
investigation under CERCLA, The FFA outlined the process for investigation and
cleanup of the sites at DDMT under CERCLA. The partics agreed that investigation
and cleanup of releases from the sites (including formerly identified SWM Us/AQCs)
would satisfy any RCRA corrcctive action obligation under the USEPA HSWA
permit and TCA, Scetion 68-212-101 er seq.

050006 01 1-2
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e In July 1995, DDMT was identified for the closure under the BRAC process, which
requires environmental restoration at DDMT to comply with the requirements for
property transfer under Public Law 101-510 of Title XXIX, Defense Base Closure
and Realignment. Since then, environmental restoration activities have been funded
under BRAC. After DDMT was placed on the BRAC closure list, the City of
Memphis and DRC were given the responsibility of planning and coordinating the
reuse of DDMT. DRC conducted several public meetings during the preparation of
its Memphis Depot Redevelopment Plan to obtain community feedback regarding
future land usc plans. The Memphis Depot Redevelopment Plan was approved in
1997 (The Pathfinders, 1997).

e On 22 October 1998, the RCRA Part B permit was terminated by TDEC because the
proposed storage unit was never constructed or operated.

e In February 2001, the Record of Decision (ROD) for the M1 received final approval,
and in April 2004, the ROD for Dunn Field was approved. Pursuant to the FFA,
cleanup decisions have been made by the BRAC Cleanup Team (DLA, USEPA, and
TDEC) for the MI and Dunn Ficld, and response actions have been and will be taken
to address releascs of hazardous substances that may present a risk to human health
and the environment.

1.2 GEOLOGY AND HYDROGEOLOGY

1.2.1  Geology

A total of 224 wells have been installed in borings drilled at DDMT. A summary of well construction and
hydrogeologic data is provided in Table I-1. The well locations are shown in Figure 1-2. The geologic
units of nterest at DDMT are (from youngest to oldest) loess deposits, fluvial deposits, Jackson

Formation/Upper Claiborne Group (Cockficld and Cook Mountain Formations), and Memphis Sand.

The Quaternary-age loess consists of brown to reddish brown low-plasticity clayey silt (ML) or
low-plasticity silty clay (CL) and is contiuous throughout the site. The loess deposits are generally 20 to

30 feet thick.

The Quaternary- and possibly Pliocenc-age fluvial deposits consist of two general layers. The upper layer
is a silty, sandy clay that transitions to a clayey sand and ranges from approximately 10 to 36 fcet thick.
The lower layer consists of interlayered sand, sandy gravel, and gravelly sand, and has an average
thickness of approximately 40 feet. The fluvial deposits are commonly underlain by a thick clay unit of

the Jackson Formation/Upper Claiborne Group.

050006.01 1-3
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The Late Eocenc-age Jackson Formation/Upper Claiborne Group consists of clays, silts, and sands. The
upper clay of the Jackson Formation/Upper Claiborne Group occurs at variable clevations (224 feet at

MW-126 to 164 feet at DR1-2) and is highly variablc in thickness.

This clay layer docs not appear to be present at the basc of the fluvial deposits in the northwestern part of
the MI and the southwestern part of Dunn Ficld. Off-sitc gaps in the clay may be present to the west (at
MW-43) and northwest (at MW-40) at Dunn Ficld. Where present, these gaps create connections to the

underlying intermediatc aquifer from the fluvial deposits.

The Early to Middle Eocene-age Memphis Sand consists mainly of thick-bedded, white to brown or gray,
very fine grained to gravelly, partly argillaccous and micaccous sand. Lignitic clay beds constitute a small
percentage of total thickness. The Memphis Sand ranges from 500 1o 890 feet in thickness and is at a
depth of approximately 120 to 300 feet below ground surface (bgs). The City of Memphis obtains its
drinking water from this unit; the Allen Well Ficld is located approximately 2 miles west of Dunn Figld.
The clevation of the Memphis Sand at the Allen Well Field is at approximately mean sca level {msl);
Hydrology of Aquifer Systems in the Memphis Area, Tennessee [Criner et al., 1964]). Only one
monitoring well installed at DDMT, MW-67, is screened in the Memphis Sand; the upper surface of the

Memphis Sand was identificd at 20.5 feet above msl.

1.2.2 Hydrogeology

There arc only two surface water bodics at DDMT, Lake Danielson and the Golf Course pond. No
perennial streams, flood-prone areas, or wetlands oceur within DDMT. The lake and pond arc fed by

stormwater runoft and are too shallow to intereept the fluvial aquifer.

The Memphis arca includes several aquifers of local and regional importance. In descending order,

they are:

*  Alluvial aquiler

¢ TFluvial (terrace) aquifer
o Intermediate aquifer

¢ Moemphis aquifer

The alluvial aquifer’s distribution is limited to the channels of primary streams; therefore, it does not

occur at DDMT. The uppermost aquifer at DIIMT is the unconfined fluvial aquifer, consisting of

0500606.01 |-4
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saturated sands and gravelly sands in the lower portion of the fluvial deposits. Recharge to this unit 1s
mainly from the infiltration of rainfall (Pofential for Leakage Among Principal Aquifers in the Memphis
Arvea, Tennessee [Graham and Parks, 1986]). Discharge from the fluvial aquifer is generally directed
toward underlying units in hydraulic communication with the fluvial deposits, or laterally into adjacent
stream channels. The fluvial aquifer provides water for domestic and farm wells in rural areas
(Hydrogeology of the Principal Aquifers and Relation of Faults to Interaquifer Leakage in the Memphis
Area, Tennessee [Kingsbury and Parks, 1993]), but is not used as a drinking water source within the area

surrounding DDMT.

The low-permeability uppermost clay of the Jackson Formation/Upper Claiborne Group serves as the
base of the fluvial aquifer at most locations. This clay has very low permeability, with an average
hydraulic conductivity of 6.4x10™ centimeters per sccond. Where present, the clay constitutes a hydraulic
barrier to downward migration of groundwater. Groundwater also exists in the vadose zone of the fluvial
aquifer deposits usually above small clay lenses. These perched water zones are isolated, are probably

ephemeral, and are not considered part of the fluvial aquifer.

The saturated thickness of the fluvial aquifer is variable across DDMT and is controlled by the
configuration of the uppermost clay in the Jackson Formation/Upper Claiborne Group. The saturated
thickness averages 10 to 20 feet, but ranges from 0 feet (dry) to 57 feet (in the central portion of the Mi).
Groundwater elevations in the fluvial aquifer in Junc 2004 ranged from 257.71 feet (MW-65) to
193.95 feet (MW-39). In arcas ncar gaps in the uppermost clay, groundwater appears to flow from the
fluvial aquifer into the underlying intermediate aquifer, causing the fluvial aquifer to “pinch out”. Areas
of unsaturated conditions in the fluvial aquifer are created in those areas, with groundwater flow in the

fluvial aquifcr toward the low point(s) in the uppermost clay at the window.

Slug tests performed in the fluvial aquifer at the Ml indicate that hydraulic conductivity values for the
fluvial aquifer range from approximately 1 to 60 feet per day (f/day). Assuming an effective porosity of
30 percent, flow velocitics throughout the M! average 0.6 f/day. The hydraulic conductivitics for the
fluvial aquifer measured at Dunn Field average 8 to 17 ft/day based on slug tests. Results from a 1992
pumping test at Dunn Field (MW-3) indicate an average hydraulic conductivity of 100 ft/day. In the
fluvial aquifer, groundwater flow is roughly toward the east-northeast in the southwestern portion of the

ML, to the southwest in the eastern portion of the MI, and to the west at Dunn Field.

050006.01 1-5
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The intermediate aquifer underlying DDMT is locally developed in permeable deposits of the Jackson
Formation/Upper Claiborne Group, which also contain laterally extensive, thick deposits of clay. The
lithologic logs of MW-18, MW-40, MW-67, MW-82, and MW-83 show the intermediatc aquifer to

consist of interbedded sand, silt, and clay.

Aquifer tests conducted in August 1997 indicate the hydraulic conductivity for the intermediate aquifer is
similar to that of the fluvial aquifer, with conductivitics of 3.7 (MW-34) fi/day and 1.5 (MW-40) ft/day.
Away from the influence of recharge from the fluvial aquifer, water level elevations in the intermediate

aquifer arc approximately 160 fect msl.

The Memphis aquifer contains groundwater under strong artesian (confined) conditions regionally and is
the primary source of drinking water in the Memphis arca. It receives most of its recharge from outcrop
arcas severat miles cast of Memphis. Some recharge is derived from overlying or hydraulically
communicating units. The Memphis aquifer is confined by overlying clays and silts in the Cook Mountain
Formation (part of the Jackson/Upper Claiborne Group). Clays and silts of the Cook Mountain Formation
were observed above the Memphis Sand in MW-67, which encountered the upper surface of the Memphis
Sund at approximately 255 feet bgs (20.5 feet above msl). The potentiomctric surfuce of the Memphis
Sand at MW-67 is approximately 160 fect above msl. Flow in the unit is generally westward, toward the

Allen Well Field, a major local pumping zone (Parks and Carmichacl, 1990)

1.3 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) are developed for field and laboratory operations to clarify study
objectives, define the appropriate type of data stipulated, and specify toletable levels of potential decision
errors that will be used to cstablish the quality and quantity of data needed to support decistons. DQOs
determine the type, quantity, and quality of data needed to produce defensible data. DQOs will be

presented in cach project Work Plan.

The DQO  process leads to the specification of sample handling  procedures; prcparatory
{(extraction/digestion), cleanup, and determinative methods; target analytes; method quantization or
reporting limits; ficld and laboratory quality control (QC) samples; mecasurcment quality objectives
(MQOs) for data quality indicators; required corrective actions; and data assessment procedurcs necessary

to meet the intended use of the data,

050006.01 1-6
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The U.S. Army Corps of Engineers (USACE) adopted USEPA’s DQO process (Data Quality Objectives
Process for Hazardous Waste Site Investiganions [USEPA, 2000]) in theory, and transformed USEPA’s
seven-step process into four phases (I through 1V), subsequently published as EM 200-1-2 (USACE

Technical Project Planning (TPP) Process [USACE, 1998]).

The following DQO process for the RA SAP is presented as an example for the determination of potential

future project DQOs:

050006 01

Step 1 (USACE Phases I, I1, 11, and 1V) — State the Problem. Identify and update
facility-wide sampling and analytical procedures used to produce data of sufficient
quantity and quality to meet the overall program DQOs and activity-specific DQOs.

Step 2 (USACE Phases I and 11) — Identify the Decision. Produce an updated RA
SAP to outline the sampling and analytical protocols to be utilized at DDMT to meet
overall program DQOs.

Step 3 (USACE Phases 11 and I11) — Identify Inputs into the Decision. In order to
produce an updated RA SAP for DDMT, the following information will be required:

— USACE/AFCEE and USEPA sampling proccdures

- USACE/AFCEE and USEPA monitoring well nstallation and development
guidance

~ USEPA and other approved mcthods for chemical and geotechnical analyses
—  USACE/AFCEE certified laboratorics (where applicable)

—  Site description and history, and facility-wide geology and hydrogeology

— USACE/AFCEE and USEPA analytical data quality critcria

— Applicable or relevant and appropriate requirements (ARARS)

Step 4 (USACE Phases 11 and HI) — Define the Boundaries of the Study. The
geographic boundary for the RA SAP 1s the DDMT site.

Step 5 (USACE Phases 1, 11, and 111) — Develep a Decision Rule. Produce an
updated RA SAP to outline the sampling and analytical protocols to be utilized at
DDMT to meet overall RA DQOs. DQOs are to be gencral in nature, with MQOs that
can be obtained within USACE and project criteria.

Step 6 (USACE Phases 1§ and I1I} — Specify the Limits on Decision Errors.
Following is a summary of the acceptable tolerances for error:

- Measurcment error {physical sampling process, analysis, and data reduction}

November 2005
Revision 1
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— Chemical data quality (within USACE Shcll or AFCEE Quality Assurance
Projcct Plan and laboratory limits)

- Tier-specific USEPA SW-846 and other specificd methods (within acceptable
limits)

= Detection limits (within method and laboratory limits as comparced to ARARs)
- Statistical data evaluation requirements

* Step 7 (USACE Phases [11 and V) — Optimize the Sampling Design. The RA
SAP will identify comprehensive sampling and analysis procedures that may be
utilized for any project at DDMT. The procedures will include quality assurance
(QAYQC criteria to produce data of sufficient quantity and quality to meet overall
DQOs.

050006.01 [-8
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

The project organization and responsibilities for the overall DDMT program are presented in the

following subsections. Figurc 3-1 illustrates the program organization and responsibilities.

2.1 PROJECT ORGANIZATION

MACTEC has assembled the necessary technical and administrative staff to meet the objectives of the RA
support activitics at DDMT. MACTEC’s technical staff will work under the direct supervision of the
MACTEC project manager, Mr. David Price, and the project principal, Mr. Thomas Holmes. The
MACTEC project manager will provide technical coordination with the AFCEE technical project

manager.

Subcontractors will be utilized to perform various activities during the investigations as required.  The
subcontractors will report administratively to the MACTEC project manager and/or field team leader.

Subsection 2.3 provides a list of the subcontractors that may be used during the field activities.

22 KEY PROJECT INDIVIDUALS

Key MACTEC participants n this project include the program manager, project principal, project
manager, projcct geologist, project chemist, and field personnel. The following paragraphs provide a
description of the proposed project assignments and responsibilities, a list of individuals expected to serve

1n each capacity, and a brief synopsis of the participants’ related experience.

The program manager is responsible for the administrative requirements and overall contractual
agreements. Mr. Steve Youngs is the program manager for DLA. Mr. Youngs is a principal geologist with
MACTEC, specializing in RAs. He is a Professional Geologist with more than 28 years of experience in

environmental consulting.

Mr. David Price is the project manager and 1s responsible for the overall management and quality of the
project work. As project manager, he manages contractual and administrative requirements, schedules,

and budgets for the program. The project manager also scrves as the liaison between MACTEC and

5]
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AFCEE. Mr. Price is a Registered Geologist in Georgia with more than 20 years of environmental

consulting experience.

Mr. Thomas Holmes is the project principal and is responsible for technical QA/QC oversight and
dircction for all aspects of the project, Mr. Holmes is a Registered Geologist in Georgia with more than

25 ycars of environmental consulting experience.

Mr. John Quinn is the MACTEC project geologist for DDMT. Mr. Quinn is a Registered Professional

Geologist in Tenncssce and Georgia with more than 19 years of experience in cnvironmental consulting.

Mr. Paul Brafford is the project chemist and is responsible for prepanng and implementing the ficld
sampling, sample prescrvation, sample chain of custody (C-C), and sample shipping activitics. He
performs or supervises cvaluation of analytical laboratory data and helps prepare technical reports. Mr.
Brafford is a Certificd Hazardous Materials Manager and a senior chemist at MACTEC with 25 years of

experience in site investigation, site asscssment, and laboratory analysis.

The ficld tcam leader is responsible for the oversight of the ficld and personnel activities All ficld
activitics will be coordinated and exceuted through the field team leader. Based on the various activitics
to be performed under the RA SAP (Design-related Investigation [DRI], RA, long-term monitoring, and
opcration and maintenance [O&MY), a ficld team leader will be assigned for cach activity The members
ol the ficld team will come from within the MACTEC offices located in Kennesaw and Atlanta, Georgia,

Birmingham, Alabama; and Jackson, Mississippi.

23 PROJECT SUBCONTRACTORS

Subcontractors for the activitics conducted at DDMT may provide the following scrvices: laboratory
analysis, drilling and well installation, land surveying, and investigation-derived waste (1DW) disposal
management. The subcontractors listed below are those currently under subcontract, but as new delivery

orders are issued, these subcontractors may change:

¢ Laboratory Analytical Services
Scvern Trent Laboratorics (STL)
Contact: Roger Toth
4101 Shuffel Drive NW
North Canton, OH 44720
{330) 497-9396

050006 01 2-2
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Environmental Testing & Consulting, Inc.
Contact: Connie Bradbury

2790 Whitten Road

Memphis, TN 38133

(901) 213-2400

Drilling Services
Prosomc Corporation
Contact: Blake Cabit
825 South Main Street
New Ellenton, SC 29809
(803) 652-2705

Surveying Services

Allen & Hoshall

Contact: Jay Caughman

1661 International Drive, Suite 100
Memphis, TN 38120

(901} 820-0820

IDW Management

All Points Logistics, Inc.
Contact: Andy Adams
2567 Athens Highway
Gainesville, GA 30507
(770) 503-7474

2.3.1 Laboratory Analytical Services

November 2005
Revision 1

Two laboratorics are currently selected to perform the primary organic and inorganic parameter analytical

sCrvices:

analytical services may result in the sclection of another vendor(s).

STL-North Canton and Environmental Testing & Consulting. Future projects requiring

The selected laboratory will be responsible for providing sample shipping containers, C-C documents,

chemical analysis and reporting, and laboratory (QA/QC). If required, a mobile laboratory will provide

on-site analytical scrvices for DDMT. All chemical testing laboratories used for the DDMT program must

be USACE and National Environmental Laboratory Accreditation Program certified. Specialty

laboratories and any other laboratory selected to perform work for DDMT will have to implement QA/QC

specific to these activitics in their laboratory operations and Standard Operating Procedures.

050006 01
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2.3.2  Drilling Services

The dritling subcontractor will be contracted to install monitoring and injection wells at DDMT. The
subcontractor will report dircctly to the MACTEC project geologist before and after fieldwork and to the
MACTEC ficld tcam lcader during field activities. Prosonic Corporation has been subcontracted to
perform drilling services scoped for DRIs. Future projects requiring drilling services may result in the

sclection of another vendor.

233  Surveying Services

A “Tennessce-licensed survey firm will be subcontracted to survey sampling locations and clevations and
provide the location data to MACTEC. The firm will report directly to the MACTEC ficld team feader
during ficld activities and to the MACTEC project geologist or engincer before and after ficldwork. Allen
& Hoshall personncl are currently designated to provide surveying services based on their previous
cxperience at DDMT. Future activitics requiring surveying services may result in the sclection of another

vendor.

2.3.4  Investigation-derived Waste Management

All Points Logistics, Inc. was subcentracted to transport and dispose of IDW generated during the DRIs at
DDMT. Future projeets requiring IDW management will result i the selection of another vendor, as All
Points Logistics is no longer performing IDW management services  The selected IDW management firm
will report direetly to the MACTEC field team leader during ficld activitics and to the MACTEC project

geologist before and after ficldwork,

050006.01 2-4
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3.0 FIELD ACTIVITIES

The following subsections describe the planned field activities at DDMT. The rationale and design for
each field activity will be discussed in the appropriate Work Plan; typical field tasks and rationales are
listed on Table 3-1. The Work and Test Procedures (WTPs) located in Appendix B outline the field

activities in greater detail.

31 SITE RECONNAISSANCE, PREPARATION, AND RESTORATION

Before the start of all field activities, a ficld team leader will be assigned. Working in conjunction with
the task/project manager, the ficld team lcader 1s responsible for preparation and organization of the field
activities. The general responsibilities of the field team leader for site preparation and restoration are

described in WTP 1.

Before any intrusive activities, underground and aboveground utilities will be identified. Drilling will
proceed only in those arcas where no utility obstructions are present. Existing underground power and
communication lines, gas lines, stormwater and sanitary sewer lines, and water supply lines will be
identified on site maps and will be referenced before ficld activities. Sufficient clearance for overhead
utilities will be confirmed visually. DRC; the City of Memphis; Shelby County; Memphis Gas, Light, and
Water; or private personnel may be requested to assist in the utility clearance process. Permits for
installation of monitoring wells designated for the purposes of groundwater investigations off-site may be

required.

3.2 BOREHOLE CONSTRUCTION AND SOIL SAMPLING

Soil borings will be advanced by sonic drilling during investigation and remedial activities at DDMT. If
hollow-stem or mud rotary driihing methods are required by site conditions, the method will be proposed

for approval on a project-specific basis. Specifications for drilling operations are described in WTP 2.

The use of water during drilling will be avoided if possible. Should the use of water become necessary, it
will come from a potable source and sampled as described in WTP 2. The quantity of any water used

during drilling will be carefully monitored and recorded in the field logbook.

050006 01 3-1
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3.2.1  Sonic Drilling

Sonic drilling is considered the most effective method for boring advancement and well installation under
the geologic and hydrogeologic conditions at DDMT. The depth to water (approximately 100 feet bgs)
and geologic characteristics of the fluvial aquifer (i.c., tight sands mixed with gravel up to cobble size)

can present problems for other methods.

Sonic drilling uses a dual-case drilling system that cmploys high-frequency mechanical vibration to
collect continuous core samples of overburden and most bedrock formations, and to advance casing into
the ground. This drilling technique vibrates the entire drill string between 50 and 150 cycles per second.
A sonic drill rig looks and operates very much like any conventional rotary or auger rig. The main
difference is that a sonic drill rig has a speciatly designed hydraulically powered drili head or oscillator
that generates adjustable high-frequency vibrational forces. In many overburden formations, a sonic drill

rig can achteve rates of 1 foot per sccond.

3.2.2  Mud Roetary Drilling

In some cases, sitc conditions may dictate the use of mud rotary drilling procedures. Direct mud rotary
drilling uscs a rotating drill pipe with a hard-tool drill bit attached at the bottom. Fluid 15 forced down
through the drill pipe and then back up the borchole. 1t is then discharged at the surface through a pipe or
diteh into a sedimentation tank, pond, or pit. As the cuttings settle, the fluid overflows 1mto a suction pit,
where a pump recirculates the fluid back through the drill rods. The drilling fluid cools and lubricates the
bit; stabilizes the borchole wall; and prevents the inflow of formation fluids, thus minimizing

cross-contamination of aquifers. Casing is not required during drilling.

3.2.3  Hollow-stem Auger Drilling

Hollow-stem auger drilling has been used for boring advancement and well installation at DDMT, mainly
before the development of sonic drilling. Hollow-stem auger drilling may be uscd again if required by site
conditions. Hollow-stem auger drilling uses auger flights with a hollow drill stem to advance the
borchole. As the borchole is advanced, the soil cuttings are conveyed to the surface by the auger flights.
The hollow drill stem cases the borchole and provides an avenue for various sampling devices, including

split-spoon and Shelby tube samplers.

050006.01 3-2
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3.2.4  Soil Sampling and Classification

Soil samples may be collected from surface soils, soil borings, soil piles, and the sidewalls and floor of
excavations. Samples may be collected using split-spoon samplers, Shelby tubes, hand augers, or stainless

steel spoons. Information and procedures for soil sampling activities are described in WTP 11,

33 WELL INSTALLATION

Monitoring wells and lactate injection wells will be nstalled, developed, and sampled as part of RAs at
DDMT. Monitoring wells will be installed to monitor the concentration and migration of constitucnts,
monitor the performance of an RA, and serve as compliance wells. Injection wells will be installed as
required to implement RAs. Specifications for cach well type, including details of well construction
methods, materials, and acceptance criteria, arc provided in WTPs 2 and 3. The general procedures are
described below. All well installation activitics will be conducted under the supervision of a

Tennessee-registered Professional Geologist or Engineer.

The wells will be constructed within sonic drill casing as the casing ts withdrawn from the boring.
Borehole diameters will be at least 7 inches The inside diameter (ID) of the sonic drill casing will be at
least 4 inches larger than the outside diameter of the well casing and screen to facilitate proper installation
of the well. Therefore, the sonic drill casing will require an nncr annulus that is at Icast 64 inch in

diameter.

Monitoring wells will be constructed of 2-inch 1D Schedule 40 polyvinyl chloride (PVC) casing and
screens. Injection wells will be constructed of 4-inch ID Schedule 40 PVC casing and screens. Each well
will have a filter pack around the screen, a bentonite scal above the filter pack, and cement grout to
ground surface installed through the drill casing. The wells will be straight and plumb to allow passage of

pumps or sampling devices.

34 WELL DEVELOPMENT

Well development will not begin until at least 24 hours has elapsed following well installation and
grouting. Development will be conducted using a submersible pump (or similar) and continue until the
paramcters of temperature, pH, specific conductance, and turbidity have stabilized and at least four well

volumes have been removed. If water was used during drilling or well instaflation, that volume will be
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added to the four well volumes to be removed. The well will be considered stabilized when three or more
readings of cach parameter do not change within allowable limits following removal of the mnimum
requircd volume. At lcast 24 hours will be allowed to pass between development of the well and samplc
collection. The well construction and development procedures, including procedures for wells with little

saturated thicknesscs or slow recharge, are discussed in WTP 3,

3.5 GROUNDWATER SAMPLING PROCEDURES

Information and procedures related to groundwater sampling arc provided in WTP 4. Before sampling,

cnvironmental conditions witl be recorded in the ficld logbook.

Ficld sampling activities will include collection of the followng samples:

e  Groundwater
*  Lquipment rinsates
¢ Ambicnt blanks

* Field duplicates and extra atiquots for matrix spike (MSYmatrix spike duplicates

(MSDs)
3.5.1  Groundwater Sampling

Groundwater samples will typically be collected using a stainless steel, low-flow bladder pump equipped
with Teflon™ bladders or a disposable Teflon™ bailer. Disposable Teflon™ bailers will be used only under
low recharge conditions or in  small-diamcter piczometers, which do not permit  use ol
low-flow/micro-purge techniques. Groundwater samples will be collected in accordance with Low-flow
(Minimal - Drawdown)  Ground-water  Sampling  Procedures (USEPA, 1996; Appendix D). The
groundwater samples will be collected after stabilization of ficld parameters within three successive

rcadings as fotlows:

o +0.1 for pH

* +10 millivolts for oxidation-reduction potential (ORP)
s 3 percent for specific conductivity

o 10 pereent for dissolved oxygen (DO)

* <20 nephelometric turbidity units (NTU) for turbidity

050006.01 34
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Wells should not be purged dry. If a well is purged to a point at which a sufficient quantity of water
cannot be removed, a sample will be collected as soon as sufficient recharge occurs. Stabilization of

turbidity, ORP, DO, temperature, specific conductance, and pH is not required under this scenario.

Groundwater samples will be collected in order of volatility. Site-specific parameters may vary. The

general order for collection of primary paramcters is prescnted below:

Volatile organic compounds (VOCs)
Dissolved gases

Total organic carbon (TOC)

Sulfide

s Miscellancous organic parameters

e Total metals

e Dissolved metals

¢ Miscellancous morganic parametcrs

Groundwater samples to be analyzed for VOCs, dissolved gases, TOC, and sulfide will be collected to
minimize headspace within the container and turbulence within the well while sampling. Samples will
generally be collected at a flow rate of 100 milliliters per minute (mL/min}. However, in the event of
large sample volume or time constraints, only the sampling of VOCs will be performed at 100 mL/min

(+20 milliliters [mL]). The remaining parameters will be collected at a flow rate of up to 300 mL/min.

In addition to samples collected for laboratory analysis, groundwater sample collection may also include
screening analysis in the field for ferrous iron and carbon dioxide. These samples will be collected
according to the manufacturers’ instructions included in the test kits. Copies of these mnstructions are

in¢luded in Appendix C.

3.5.2 Passive Diffusion Bag Sampling

Passive diffusion bag (PDB) sampling is utilized for semiannual sampling associated with O&M of the

Dunn Field Interim Remedial Action. Procedures for PDB sampling are described in WTP 4.

A typical PDB sampler consists of a low-density polyethylene tube closed at both ends and filled with
deionized water. It is positioned 1n the well at the desired target depth by attaching it to a weighted line or
fixed object. The water within the bag is then allowed to equilibrate with the ambient groundwater for at

least two wecks before being retricved. The sampler water is then decanted into 40-mL volatile organic

)
]
L
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analysis (VOA) vials and scnt to the laboratory for analysis. Detailed procedures for using PDB samplers
in wells can be found in User's Guide for Polyethylene-based Diffusion Bag Samplers to Obtain Volatile
Organic Compound Concentrations in Wells, Part I, Deployment, Recovery, Data Interpretation, and

Quality Control and Assurance (U.S. Geological Survey, 2001; Appendix D).

3.5.3 Filtration of Samples with Elevated Turbidity

During auempts to sample a well using low-flow/micro-purge techniques, if the turbidity cannot be
reduced to below 20 NTU after pumping for approximately 2 to 3 hours (and other ficld parameters are
stable as indicated in Subscction 3.5.1), the ficld tcam Icader will be contacted and informed of the
situation. Upon approval from the ficld team Ieader (who may consult the task manager), the well may be
sampled. [ the turbidity is below 50 NTU, the well may be sampled without using filtration techniques.
If the turbidity is 50 NTU or higher, dissolved and total metals and dissolved organic carbon and TOC
sumples will be obtained. Samples for organic compound analysis should not be filtered. The dissolved
metals and organic carbon samples will be collected by filtration with a disposable 0.45-micrometer (um)
in-linc filter. The filter should be rinsed with approximately 500 mL of the groundwater to be sampled

helore collection of the sample,

The 0.45-um filier media size was scleeted for use at DDMT because this size is commonly accepted as
the demarcation between dissolved and non-dissolved specics (Ground-water Sempling Guidelines for
Superfund and RCRA Project Managers [USEPA. 2002]). Addiuonally, 0.45-pun filters are typically
used for most regulutory programs (USEPA, 1996), and MACTEC operational cxperience has indicated
clogging problems associated with use of smaller filters, including 0.1-pm filters. Procedures for

[Htration of groundwater samples arc described in WTP 4,

3.6 WELL ABANDONMENT

The preferred method of well abandonment 1s to abandon the well in place by removing the surface
completion (well pad and cover) and tremic grouting inside the well casing from the bottom upward using
a cement/bentonite grout.  In some circumstances, it may be necessary to completely remove the well
casing and screen from the borehole, clean out the borehole, and backfill with a bentonite grout, The
cxact well abandonment procedure is dictated by well or site conditions. Abandonment details are

presented in WP 3,
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According to the Long Term Groundwater Monitoring Plan (CH2M Hill, 2004), wells are recommended

for abandonment for the following reasons:

e The test objectives have been achieved, and the well is no longer needed.
o The well is improperly constructed; i.e..

- The well was installed with improper installation of the outer casing and position
of the sand pack.

- The well has an elevated pH reading (due to improper construction).

* The well has an improperly placed or long screen.
The well has been vandalized or damaged.

3.7 HYDRAULIC CONDUCTIVITY TESTS

In situ hydraulic conductivity testing (slug testing) may be performed in monitoring wells. The testing
will be performed using the “slug in” and “slug out” tests as outlined in WTP 5. Calculations utilizing the
collected data and standard formulas will be used to calculate the hydraulic conductivity. These data will
assist in the development of each site’s conceptual hydrogeologic model and may be used for constitucnt

transport cvaluations.

3.8 SURVEYING

The locations and elevations of newly installed monitoring wells will be surveyed by a
Tennessee-registered Professional Land Surveyor using benchmarks consistent with previous DDMT
surveys. The measurement point of the wells will be vertically and horizontally located to the nearest 0.01
foot using the Tennessee State Plane Coordinate System (NAD27). The locations will be referenced to
existing horizontal control monuments and vertical benchmarks at DDMT. Additionally, the ground

surface elevation at the well locations will be determined to the nearest 0.1 foot.

3.9 EQUIPMENT DECONTAMINATION

Procedures for equipment decontamination are descnibed in WTP 10. Sampling equipment such as
split-spoon samplers, hand augers, stainless steel bowls, spoons, beakers, and bladder pumps will be
cleaned after each use by scrubbing with a bristle brush in Alconox or equivalent phosphate-free
detergent and water. Equipment will then be rinsed with potable water, spray rinsed with pesticide-grade

methanol, rinsed twice with deionized water, and allowed to dry on a clcan surface (aluminum foil or
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clean plastic shecting) for as long as practicable. Once dry, equipment will be wrapped in aluminum foil
and stored until use. Dedicated cquipment or equipment used once and disposed of, such as tubing or

disposablc bailers, will not require decontamination.

Downhole drilling tools will be cleaned by washing the external surface of equipment or materials with
high-pressurc hot water and Alconox or equivalent, and scrubbing with brushes if necessary until visible
dirt, grime, grease, oil, loose paint, rust flakes, are rinsed from the cquipment. The equipment will then be

allowed to air dry for as long as practicable.

Driliing tools will be cleaned within a designated decontamination pad, and the waste water will be

collected for disposal as IDW.

310 INVESTIGATION-DERIVED WASTE DISPOSAL

Disposal of wastes generated from RAs, such as excavation of disposal sites, will be addressed in the RA
Work Plan. Sotl from drilling activitics, groundwater from monitoring well installation and development,
and soil and water from sampling activities will be placed in 55-gallon drums, 10ll-oit boxes, or other

appropriate containers. The IDW will be handled according to the procedures presented in WTP 6.

Waste water from well sampling, well development, and equipment decontamination will be transported
[rom the well, using either drilling rig support trucks or scaled 5-gallon buckets, to a storage tank at Dunn
Field. At the completion of activitics, the waste water will be sampled. If the concentrations are below
those listed in the City of Memphis Industrial Wastewater Discharge Requirements under Permit No.
S-NN3-097, the water will be pumped directly from the tank into the City of Mcmphis sewer system via
the Dunn Field treatment system, If the concentration limits are not met, 2 Water Treatment and Disposal

Plan will be developed.

Soil from borings and material from well abandonment will be placed in roll-off boxes. The boxes will be
sampled and analyzed for toxicity characteristic leaching procedure (TCLP)Y VOCs for final disposal
purposcs. If the results arc less than the TCLP regulatory levels, the soil will be disposcd of as
nonhazardous [DW at a landfill approved to accept CERCLA off-sitc waste. 1f the results exceed TCLP
regulatory levels, the material will be disposed in accordance with appropriate hazardous waste disposal

requirements,
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4.0 FIELD MEASUREMENTS

4.1 PARAMETERS

Field measurements made at DDMT will typically include surveying measurements, water level and total
well depth measurements, physical dimensions, and sampling and development stabilization parameters.
All sampling locations used during field investigations will be depicted on an accurate drawing or a
topographic or other standard map, or be refcrenced in such a manner that the location(s) can be clearly

established.

Each field measurement should be traceable to the person(s) making the measurement and to the ficld
equipment used to make the measurement. Equipment maintenance and calibration records will be kept in
logbooks and ficld records so that the procedures are traceable. Time records shall be kept in local time

using the 24-hour format, with the time recorded to the nearcst 5 minutes or less.

4.2 EQUIPMENT CALIBRATION AND QUALITY CONTROL

Equipment will be calibrated according to manufacturers’ instructions or general accepted practices.
Calibration of field mstruments will be recorded in a calibration log. More detailed descriptions of

calibration procedures and frequency are located in the referenced WTPs (Appendix B).

e The handheld portable atmospheric monitor used to screen for explosive conditions
and hydrogen sulfide will be calibrated as described in the manufacturer’s manual
{WTP 13).

e The handheld portable organic vapor analyzer uscd to screen air vapors at the
borehole and in the breathing zone will be calibrated daily with a
100-part-per-million isobutylene standard. The battery power supply will be
recharged cach evening before use (WTP 13).

o Where possible, an instrument that is designed to measure ORP, DO, pH, specific
conductance, turbidity, and temperature of groundwater in-line at the wellhead will
be used. This instrument will be calibrated per the manufacturer’s instructions
(WTP 4).

e Water tevel indicators and fiberglass measuring tapes will be visually checked to
confirm that the measurement marks are readable and the equipment is in good
working condition. :
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Ficld equipment will be stored overnight at a location to be determined by the ficld team leader in
consultation with DRC. Equipment must be returned decontaminated and any malfunctions reported to
the ficld team leader. The ficld team leader will take any actions necessary for the repair or replacement
of the cquipment. Equipment maintcnance and calibration logs will be kept on file in the master project
files. All sampling cquipment should be maintained according to manufactured specifications before

sampling or as otherwisc specified.

4.3 FIELD MONITORING MEASUREMENTS

Monitoring for the presence of hazardous conditions will be performed during fieldwork, in accordance
with the Health and Safety Plan, to prevent personnel cxposurc to chemical and physical hazards.
Information gathered from air monitoring will be used to determine appropriate protective measures to be
taken and to assess off-site migration of constituents released during construction activitics or subsequent
operation of remedial systems.  This will ensure that appropriate contingency plans and/or control

measures can be implemented,

Iicld screening may invelve air monitoring using a phototonization detector, a flame ionization detector,
or chemical-specific indicator tubes (Dracger tubes). Instruments used to monitor combustible gas levels

may include & combination combustible gas/oxygen/hydrogen sulfide indicator (EXQTOX 40; WTP 13).

4.4 FIELD PERFORMANCE AND SYSTEM AUDITS

Ficld audits will consist of three clements: audits of ficld operations performed by AFCEE personnel or
thew designees, sclf audits of ficld operations performed by MACTEC, and desk audits performed by
AFCEE or MACTEC personncl on the documentation generated during the field operations. The ficld
audits will ensure the quality of work and attainment of the project DQOs presented in specific Work

Plans. Appendix A contains the Ficld Audit Checklist.
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5.0 SAMPLE HANDLING AND DOCUMENTATION

Sample handling involves the procedures used to label, identify, ship, and preserve samples collected in

the field. Sample handling and documentation procedures for DDMT are presented in WTPs 7, 8, and 9.

Sample containers will be labeled before sample collection (in pre-preserved bottles as appropriate). Once
samples arc collected, the bottles will be placed into an iced cooler. While the coolers are packed for
shipment, samplc bottles will be checked to ensure that each container is filled with the prescribed
amount of sample and contains the proper type and amount of preservative, and that all sample labels
contain the required information (date, time, sampler’s identification, and whether the sample is
preserved). The samples will be sealed in bubble bags and/or plastic sealable bags and placed into the

cooler.

Ice in plastic bags (double-bagged) will be placed in the coolers to keep the samples at 4° Celsius (C;
+2°C) throughout shipment. Each cooler will have a temperature blank. In addition, a trip blank will
accompany any samples to be analyzed for volatiles. The C-C will be completed and taped to the
underside of the cooler lid along with the sample Request for Analysis. A custody scal will be placed on

the front and on the rear of cach cooler. The seals will be initialed and dated.

During sampling events, sample numbers will be used to distinguish betwcen categorics of cvents;
sampling locations; and, where appropriate, depth of sample collection. Extenders will consist of a
two-digit matrix code (sample type, if other than groundwater), alphanumeric depth codes (if necessary),
and QA/QC codes where applicable. Field split samples will be labeled in the same way as the parent
sample, with a QA extender added to the end of the name. If groundwater samples are collected from

PDBs, each sample number must reflect the top and bottom depth of the diffusion bag in the well.

Sample custody in the ficld begins with labeling cach sample container, collecting and preserving the
samples, and packaging samples for shipment to the designated laboratory. Proper documentation of field
samples includes completing the logbook, the Ficld Sampling Report for each sample, and the C-C record

for each sample shipment.

QC samples arc collected and analyzed to assess the quality of the sampling effort and the analytical data.

Field QC samples include duplicates and replicates of field samples, MS/MSDs, rinsate blanks, trip
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blanks, and ficld (ambient condition) blanks. The type, description, preparation, colleetion, and frequency

of field QC samples are as follows:

G50006.01

Eicld Sample — The total sample colleeted at a specific site location. This sample may
be soil, watcr, or vapor and may be divided to provide material for analysis for QA
and/or QC samples.

Duplicate Sample — A single samplc divided into two equal parts for analysis, or two
samples collected independently at a sampling location during a single act of
sampling. Ficld duplicates will be collected at a frequency of approximately 10
percent of the samples collected.

MS/MSD Samples — Samples analyzed by the laboratory to identify and diagnose
problems related to sampling or analysis. Onc MS/MSD pair will be collected for
approximatcly every 20 ficld samples.

Rinsate Blank — Samples consisting of reagent water collected from a final rinse of
sampling equipment after the decontamination procedure is performed. The rinsate
blank determines whether the sampling equipment is causing cross-contamination of
samples. Rinsates will be collected at a frequency of one per matrix, per sampling
technique, per event. The exception is groundwater sampling with dedicated bladder
pumps; rinsates will not be required for dedicated cquipment or one-time-usc
disposable equipment.

Trip Blank — Contaners of organic-free reagent water that aic kept with the field
sample containers from the time they leave the laboratory until the ume they are
returned to the laboratory. The trip blank determines whether samples are being
impacted during transit or storage. Trip blanks pertain only to VOAs; therefore, the
containers must contain no headspace. A trip blank will accompany all coolers that
contain samples for volatile analysis.

ticld (Ambicnt) Blank ~ Containers of organic-free reagent water that are collected at
the sampling site. The field blank determines whether site activitics are contributing
to impacts on samples. Ficld blanks pertain only 10 VOAS; therefore, the container
must contain no headspace. Ficld blanks arc collected in the arca where the samples
are colleeted and are required only when samples are being collected downwind of
possible VOC sources, such as road resurfacing.

3-2
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6.0 NONCONFORMANCE/CORRECTIVE ACTIONS

Corrective action will be taken anytime during the field effort when deemcd necessary based on the field
team leader’s judgment or when QC data indicate a need for action. Table 6-1 presents a summary of field
corrective actions procedures for potential QC problems. If the field team leader determines that
corrective action is required, he or she will contact the project manager, who will review the selected
corrective action. If the project manager concurs with the corrective action suggested by the field team
leader, the corrective action will be implemented. In addition, documentation will be required for any
deviation from the activities and/or procedures outlined in the associated Work Plan (e.g., change in

number of samples to be collected, or sampling focation changes).
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TABLE 3-1

FIELD TASK RATIONALE

REMEDIAL ACTION SAMPLING AND ANALYSIS PLAN

Defense Depot Memphis, Tennessee

Field Task

Rationale™

Advance soil borings. Collect and
analyze subsurface soitl samples.

Install monitoring wells and collect
and analyze groundwater samples
from monitoring wells.

Conduct in-situ hydraulic
conductivity testing at monitoring
wells.

Construct test pits.

Collect and field screen surface and
subsurface soi1l and/or sediment
samples.

Collect and analyze composite soil
samples from the walls and bottom
of an excavation.

Conduct quarterly groundwater
sampling events

Conduct groundwater
measurements

To provide vertical profiles of contamination (if any) in soil to
further evaluate the presence or absence of contamination, to
support remedial design, to characterize lithology, and to assess
effectiveness of remedial activity.

To provide groundwater characterization data, to determine
groundwater flow direction, to support remedial design, and to
assess effectrveness of remedial action.

To assist in determining aquifer hydraulic conductivity values for
the estimation of contaminant migration rates and for evaluation of
potential remedial actions.

To identify and determine depth of buried material

To evaluate the vertical and horizontal profiles of contamunation
that will be used to guide the extent of a remedial

excavation/removal.

To confirm the effectiveness of a remedial excavation/removal.

To aid m momtorng natural attenuation of contaminants and
estimating degradation rates.

To estimate groundwater flow direction

Notes:

(a) These tasks are general and are subject to change for site-specific requirements.

050006 01
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FIELD AUDIT CHECKLIST

SUPPLIES AND MATERIALS

The following supplies and materials will be necessary to perform the field audit:

Site-Specific Work Plan

Site-Specific Health and Safety Plan (HSP)

Sampling and Analysis Plan (SAP)

Standard Operating Procedures (SOPs)

Any Field Adjustment Forms already in place

List of site manager, field personnel and subcontractors
Field Schedule

Clipboard and pencils

GENERAL OFFICE

e
2
&
<
>

1. Wassite office in a neat and orderly appearance?
Was a Sign In/Sign Out Form available?
Was the Sign In/Sign Out Form current and being fitled out daily?

Was a field briefing held each morning with each of the personnel?

TP SRS

Did the initial field briefing contain the following elements:

Site/project history and objectives

Team assignments and responsibilities

Sampling location assignments and directions

Explanation of record keeping (1.¢., fieldbook, FSRs, boring logs, etc.)
Maps provided and directions to the hospatal given

Discussion of chemical and biological hazards and their action levels
Calibration of field equipment and troubleshooting

General office layout and procedures

Team key and logbook assignments

a & ® + & & @+ 22

6. Did the follow-on field briefings contain the following elements:

Sampling location assignments and directions

Review and correction of field records

Any additional information on chemical and biological hazards

Any additional information on equipment calibration and troubleshooting

7. Was office equipment, storage and solvent rooms open and available to field
personnel for use during working hours?

8. Were office rooms, facilities and gates locked prior to leaving the area?

9. Prior to the end of the field effort or shift, were the office, facilities and equipment
cleaned and left in working order?

10. Was the following performed at the end of the field effort or shift:

rental equipment/cars returned, as appropriate

e equipment needing repair sent off-site or repaired on-site
* drums stored in drum storage area

= map of drum storage area drawn

050006.01 Iof5
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* inventory of supplies

» round of water levels (if required)

»  supplies ordered for next shift (if required)

» site office cleaned and left orderly for next ficld shirt?

HEALTH and SAFETY

t. Did cach person read the HSP and sign the form?

2. Does each person have their 40hr/8hr OSHA card?

3. Does each person have the following PPE:
»  Safety glasses
*  Respirator with annual fit test record (if required)
.

Steel toed rubber boots or steel toed boots with boot covers
Gloves and protective clothing as specified in the SSHSP

4. Were maps to the hospital readily available in each team vehicle?
3. Did each team vehicle contain the following H&S equipment?

»  First aid kit

¢ Lyc Wash

e Respirator cartridges (if required)

¢ Dracger tubes

o  PIDand LEL

+  Cauuon tape and stakes

*  Boot wash and equipment decontamination supplies

6. Was cach team member aware of the action levels and what corrective steps
were (0 be taken?

7. Waus each team member aware of what number to call in case of emergency and
who the 11&S officer is on-site?

8. Were MSDS sheets available for decontamination solutions and preservatives?

INSRUMENT CALIBRATION

I, Were nstruments calibrated at the frequency specitied in the FSP?

¢ Purge Saver
¢ Turbidimeter
¢ OVA(PIDor FID)
+ LEL

e Other (write in)

2. Were the specified calibration solutions available and within expiration dates (see below)?

¢ pllbulter 4,0 (expiration date )

s plibuffer 7.0 (expiration date ) _
*  pll buffer] 0.0 (expiration date } .
»  specific condugtance standard (expiration date )

»  turbidity standards (expiration dates )
¢ PID isobutylene standard (expiration date )
o Other (write in) {expiration date )

3. Were the manufacturer’s calibration and repair records available for each instrument?

050006.01
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DECONTAMINATION PROCEDURES

1.

4
5.
6
7

Were the specified decontamination solutions available and within expiration dates (see below)?

s Pesticide grade hexane (expiration date )

» Pesticide grade methanol (expiration date )
» Liquinox/Alconox {expiration date )

L]

ASTM Type II Reagent grade water stored in glass containers
Were rinse¢/spray bottles made of Tetlon?
Was a decontamination area available for targe equipment (if required)?

+  Did pad consist of sump lined with 6-mil polyethylene sheeting?
¢ Did pad consist of barriers to contain solutions?

Was sampling equipment decontaminated per the procedures specified in WTP 157
Was a separate tub available for the solvent sprays/rinses?
Were decontamination fluids drummed for disposal?

Were drums labeled per the procedures specified in the FSP?

SAMPLING PROCEDURES

Prior to sampling, were H&S zones, decontanunation tubs and menitoring
equipment assembled?

L.

Soil Sampling:

A Was equipment decontaminated prior to use?

B. Were working surfaces covered in poly sheeting or aluminum forl?
C. Were working surfaces covered with new material between samples?
D. Was a new pair of sampling gloves denned between each sample?

E. Were sample labels, FSRs and fieldbooks completed in black ink?

F. Were sample labels, FSRs and fieldbooks completed per WTP 77

G. Were so1l samples collected per the procedures specified in WTP 1172

lanl
—

If VOCs were (o be collected, were sample vials prepared with preservative
solutions and weighed?

Were VOC sample syringes weighed and adjusted to 5.0 to 5 5 grams prior
to insertion into the vial?

Were labeled samples placed in an iced cooler?

Were samples transported to the site office for packing and shippmg
immediately after sampling?

If required, were samples logged?

Were soll cuttings containerized (1f required) in 35-gallon drums for disposal?
Were drums labeled per the procedures specified in the FSP7

Was the site restored to its original condition?

?i‘f“ -

ozzr

Groundwater Sampling:

Was equipment decontaminated prior to use?

Were water levels measured and recorded prior to sampling?

Were working surfaces covered in poly sheeting or aluminum foil?
Were working surfaces covered with new material between samples?
Was a new pair of sampling gloves donned between each sample?
Were sample labels, FSRs and fieldbocks completed m black ink?
Were sample labels, FSRs and fieldbooks completed per WTP 77

ommUaRE»
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zZzoas

OF0

Was the purge flow rate adjusted to no more than 300 mls/min?

Were stabilization parameters measured every 10 mins for a minimum of

3 measurements/30 mins?

Was stabilization achieved prior to sampling?

[T VOCs were to be collected, was the flow rate adjusted to 100mls/min +/- 20 mls?
Were groundwater samples collected per the procedures specified in WTP 42
Were labeled samples placed in an iced cooler?

Were samples transported to the site office for packing and shipping immediately
after sampling?

Was purge water containerized (if required) in 55-gallon drums for disposal?
Were drums labeled per the procedures specified in the FSP?

Was the monitoring well locked and the site restored to its original condition?

DRILLING PROCEDURES

Prior to drilling, were H&S zones, decontamination tubs and monitoring equipment assembled?

Vo W

Were drill rigs, augers, and drilling tools decontaminated prior to use?

Was the equipment decontaminated as specified in WTP 27

Were drilting locations cleared for utilities prior to drilling?

Does drilling personnel have their 40hr/8hr OSEHA training card?

Daoes drilling subcontractor have the appropriate licenses?

Were drilling procedures performed per the directions specified in WTP 27

Were drtlling logs filled out per the procedures specified in WTD 27

Was the boichole abandoned per the procedures specified m WTP 37

Were drill cuttings and fluids containerized (il 1equired) in 55-gallon drums
lor disposal?

- Were drums labeled per the procedures specified in the FSP?

- Was the stie restored to 1ts original condition?

MONITORING WELL INSTALLATION

Refer to drilling procedures above in addition to critena listed below.

[0S

Were the lollowing well sereen criteria followed:

Were well sereens and nisers steam eleaned prior to use?

Were well screens 20 feet or less?

[f well screens were greater than 10 feet, was approval obtained from TDEC
and/or the BCT?

Were well screens PVC or stainless steel as specified by the work plan?
Was the depth of the welt screen installed as specified n the Work Plan’?

Were the following filter pack criteria followed:

Did filier pack consist of contaminant free silica sand with <2% flat particles?
Was filter puck tremied from bottom of well to 2 feet above top of well screen?
Was well surging filter pack placement process used during well construction?

050006 01
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3. Were the following bentonite and grout seal criteria followed:

e  Was a minimum 2-foot thick bentonite seal installed above the filter pack?

s Was the bentonite seal composed of 100% sodium bentonite?

e Was the bentonite seal allowed to hydrate for 4 hours prior to placement of
grout collar?

¢ Was a cement-bentonite grout seal placed in the annular space from top of bentonite
seal to ground surface?

e Was cement-bentonite mixture composed of those elements listed in WTP 37

e Was grout tested with mud balance to +/- 0.2 Ibs/gal initial weight?

5. Was the well completed per WTP 3?
6. Was the well installed per WTP 3?

7. Were well installation diagrams completed per WTP 37

WELL DEVELOPMENT

1. Was the well developed later than 24 hrs after installation?

Was equipment decontamunated prior to use?

Were 3 well volumes and fluids lost during installation removed from the well?
Were suspended sediment content of <0 75 ml/L achieved?

Was turbidity measured at or below 5 NTUs for at least 30 minutes?

Were pH, temperature and EC stabilized per WTP 3?

Were all sediments removed from bottom of well?

Were the procedures for deviations to the above criteria followed per the WTP?

I I L S

Were the well development forms completed per WTP 37
10. Were well development fluids containerized in 53-gallon drums or a storage tank?
11. Were drums labeled per the procedures specified in the FSP?

12. Was the monitoring well locked and the site restored to 1ts origmal condition?

050006.01
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PREFACE

The following Work and Test Procedures (WTP’s) have been compiled to provide procedures for the
execution of field activities and the formulation of project-related documents, including project work
plans, the Quality Assurance Project Plan, and the Health and Safety Plan for DDMT. The WTPs are
general in nature and procedurcs may need to be modified depending on project-specific requirements. In

many cases, sections have been taken directly from the following source documents.

MDNR, 1994. Guidance Document Verification of Soil Remediation. Environmental Response, Waste

Management Division. Michigan Department of Natural Resourccs. July, 1994,

USACE, 2001. Requirements for the Preparation of Sampling and Analysis Plans, E200-1-3, 1 February
2001.

USEPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance Document (TEGD),
OSWER-9950.1, September 1986

USEPA. 2001. Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001.

USEPA, 1992, RCRA Groundwater Monitoring. Draft Technical Guidance, Office of Solid Waste, U.S.
Environmental Protection Agency, Washington, D.C., EPA/530-R-93-071, November 1992.

USEPA, 2000. Data Quality Objectives Process for Hazardous Waste Site Investigations. U.S.

Environmental Protection Agency, Office of Environmental Information, Washington D.C.,

EPA/600/R-00/007, January 2000.

050006.01 |
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NUMBER NAME

! General Procedures for Field Personnel

2 Drilling Operations

3 Weil Installation, Development, and Abandonment
4 Groundwaicr Sampling

5 Hydraulic Conductivity Testing

6 Investigation Derived Waste Disposal

7 Sample Control and Documentation

8 Sample Containers and Preservation

9 Sample Packing and Shipping

10 Sampling Equipment Decontamination

11 Soil Sampling

12 Personnel Protective Equipment Decontamination
13 Health and Safety Monitoring

These procedwes will be adhered to and will form the basis for most project-related work. Personnel
performing ficld activitics will be familiar with these WTPs and with project-specific work plans prior to

mobilization of the ficld team.

These procedures are designed o gencrate data that is consistently collected, accurate, legally defensible,
and in-compliance with A Force Center for Environmental Excellence (AFCEE) requircments.
Variances tor sample collection, handling, and decontamination procedurcs may be allowed duc to the

following reasons:

. Regutatory Comiment
2. Data Quality Objectives (DQOs)

The quality of the data will be consistent with the purpose for which it is to be finally used. Thesc arc the
DQOs. A discussion of the nomenclature and sclection of criteria for DQOs are provided in the document
entitled Data Qualing Objectives Process Jor Hazardous Waste Site Investigations (USEPA, 2000). A
summary of the DQO process as it relates to DDMT is provided in the FSP, There are two types of data
quality, from the very high quality, legatly defensible data often used in risk assessment and principle
responsible party determination (Definitive) to the field monitoring data used during site characterization
and implementation (Sercening) Development of DQO’s for projecct speeific activitics will be described

in the relevant work plans,

(G50006.01
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The project-specific documents will incorporate most of the WTPs either directly or by reference and
should be reviewed to identify any procedural variances from the procedures presented herein. In the

event that these WTPs contradict specificd procedures in a work plan, those specified in the work plan

will take precedence.

050006.01 3
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WORK AND TEST PROCEDURE 1
GENERAL PROCEDURES FOR FIELD PERSONNEL

1.0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for the gencral ficld practices
to be followed by MACTEC personnel while in the ficld at DDMT. A review of this WTP is mandatory

prior to any ficld activitics.

2.0 DISCUSSION

This WTP provides gencral guidance for field operations. The project-specific work plan will be referred

to in order to determine the exact requirements for a specific project.

Euch individual assigned to ficld work must participate in the MACTEC Medical Monitoring Program,
must have taken the OSHA 40-Hour course (updated with the 8-Hour OSHA Refresher, when necessary),
and must be certified as able to wear respiratory protection, and to participate in ficld activitics through

the MACTEC Medical Monitoring Program.

Minimum required personal protective equipment (PPE) for atl cmployees involved in field work are
steel-toed work boots. Additional PPE will be discussed in project spectfic work plans and i the site
Health and Safety plan. A general checklist of personal supplics and cquipment s presented  as

Attachment 1.1.

3.0 PROCEDURES

The following WT'Ps should be considered in conjunction with this WTP:

NUMBER NAME
1 General Procedures for Field Personncl
2 Drilling Opcerations
3 Well Installation, Development, and Abandonment
4 Groundwater Sampling
5 Hydraulic Conductivity Testing
6 Investigation Derived Waste Disposal
7 Sample Control and Documentation

G50006.0] WTP-1-1
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NUMBER NAME
8 Sample Containers and Preservation
9 Sample Packing and Shipping
1o Sampling Equipment Decontamination
11 Soil Sampling
12 Personnel Protective Equipment Decontamination
13 Health and Safety Monitoring

i1 PREPARATION

This section discusses the procedures to be used prior to beginning the field activities at each site.

3.1.1 Office

Prior to leaving the office for field work, personnel will perform the following actions:

1. The Project/Task Manager will assign a Ficld Team Leader to direct ficld activities
and coordinate with project/task managers, and personnel. Task specific
responsibilities of the Ficld Team Leader will be addressed in the appropriate WTP,
general responsibilities include;

¢ Reviewing project-specific work plan, Health and Safety Plan (HSP), and Quality
Assurance Project Plan (QAPP),

e Notifying site personnel to arrange site access and coordinate schedulcs; contacts
include DRC, affected tenants, and/or offsite property owners.

. Coorcfinating field efforts with the project chemust and analytical laboratory

e Generating appropriate paperwork for cach event. Shipping appropriate
paperwork and ficld books to the site.

e Ordering appropriate supplies and equipment for delivery prior to the start of
each event.

e Ifany work is to be subcontracted, a review of the subcontractor contract, work
plan, and Health and Safety plan

e [Cnsure that all employces traveling to the site have Driver's License {or other
picture identification) and an OSHA Certification Card in their possession prior
to leaving the office.

050006 01 WTP-1-2
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3.1.2  Field

After arrival on site, but prior to commencement of operations, the following procedures will be

employed:

* Venfy that all required paperwork and equipment for field activitics is on site.
Inventory all rental equipment.

*  Conduct site sct up activitics to include posting of signage (if applicable), delincation
of work zones as specified by the SHSO or the Field Team Leader.

* Calibratc monitoring equipment (as nceded).
¢  Conduct team safety mectings as required by the HASP.

e Conduct team review of the WTP and procedures to be followed.
3.2 FIELD OPERATIONS

Prior to commencement of operations at cach of the sites, a site reconnaissance will be pertormed to
determine requirements for site preparation and clearance, such as clearing of brush and other identifying
obstructions. Proposed drilling and sampling locations will be clearly marked. Clearance for wtilitics at
deilling locations will then be conducted by utitity operalors or locating services such as Tennessec
One-Call. No mtrusive activities will be conducted until utility clearance has been completed, The
MACTEC Ficld Team Leader will also select appropriate locations for the decontamnination arca,
emergeney cquipment, and a drum staging arca through consultation with DRC and site tenants as

Necessary,

The responsibilitics incumbent on ficld personnel at DDMT are project and task specific. Ata minimum,

the ficld personnel are required to

I. Mamntaining a logbook that describes ficld activitics, and other information. In the
logbook or on various forms that may be required, the following mformation must be
recorded for cach activity:

¢ Location

e Dute and time

o ldentity of persons performing the activity
»  Wcather conditions

G50006.01 WTP-1-3
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For field measurements, the following additional information will be required:
s The numerical value and units of each measurement
e The identity of and calibration results for each field instrument

For sampling activities, the following additional information will be required:

e Sampling type and method

s The identity of each sample and the depth(s) from which it was obtained

» The amount of cach sample

¢ Sample description (e.g., color, odor, clarity)

¢ Identification of sampling devices

o Identification of conditions that might reflect representativencss of a sample
(c.g., refueling operations, damaged casings)

2. Completing any required data collection/sample  control forms (e.g.,
Chain-of-Custody, Field Sampling Report, etc.).

3. Communication with the MACTEC project/task manager regarding site conditions
and out of scope work to be performed.

4. Before leaving the sitc daily, the following procedurcs will be performed by on-site
personnel:

s Decontaminatc field equipment.

e Ficld Team Leader 1s responsible for checking that all personne] have completed
logbooks and field forms daily

e Properly dispose of soited PPE.

s Ensure that any drums containing investigation-derived waste or PPE arc seated
nightly and clearly labeled with the contents, date, and site/location name.

e  Make arrangements for shipment of samples (if applicable). Check daily with the
analytical laboratory to ensurc samplcs arrived in good condition.

i3 POST-OPERATION

This section discusses the procedures to be followed afier field activities have been completed.

3.3.1 Field

Upon the completion of ficld activities, the MACTEC Field Team Leader will visit cach site to venify that

the area has been cleared and restored as closcly as possible to its prior condition. Trash will be removed

050006.01 WTP-1-4
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from the site, and surface damage, such as wheel ruts caused by the drilling and support equipment, will

be repaired.

*  Ensurc that equipment and associated supplics have been shipped back to the office,
332 Office
Upon return to the office, ficld personnel will perform the following:

*  Submit logbook and onginal forms to Project/Task Manager for review.
»  Check cquipment and supplics shipped back to the office.
¢ Arrange for proper disposal of investigation-derived waste.

*  Contact the analytical laboratory to ensure that the samples arrived in good condition
(c.g., temperature is within aceeptable ranges).

4.0 REFERENCES

USACE, 2001, Engincering and Design Requirements for the Preparation of Sampling and Analysis

Plans, Department of the Army, Washington D.C. February 1, 2001,

USEPA, 2001. Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Eavironmental Compliance Branch, Athens, Georgia, November, 2001,

3.0 ATTACHMENTS

Attachment 1.1 - Personal Ficld Equipment and Supplics Cheeklist

050006.01 WTP-1-5
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ATTACHMENT 1.1
PERSONAL FIELD EQUIPMENT AND SUPPLIES GENERAL CHECKLIST

Steet Toe Workboots

Full Face Respirator (with appropriate cartridges)
Safcty glasscs

Logbook

Pens

Data Collection Forms

Respirator Cartridges

OSHA Certification Card

Tape Measure

Hard Hat

Hammer

First Aid Kit and Emergency Eyewash Station
Overshocs

Sun Screcn

Work Gloves

Disposable Gloves

050006.01 WTP-1-6
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WORK AND TEST PROCEDURE 2
DRILLING OPERATIONS

1.0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for drilling operations uscd
in support of investigative activitics at DDMT. Intrusive drilhng activitics will cnable collcction of
L

subsurface soil samples and allow the installation of monitoring and injection wells.

2.0 DISCUSSION

There are several methods by which drilling operations may be conducted including, manual {hand)
augering, power augering with hollow-stem augers, sonic drilling, and cable tool or mud rotary drilling
with installation of surface casing. Generally, hand augering is uscful only for surficial soil sampling
while the other methods are used for decper, subsurface investigations and for the installation of
monitoring wells. Sonic drilling is the recommended method of drilling at DDMT becausc it has proven
1o be the most effective method for boring advancement and well installation under the site geologic and
hydrogeologic conditions, The depth to water (1.e. 75-105 ft bgs on average) and geologic characteristics
of the Muvial aquifer (i.c. tight sands mixed with gravel up to cobble size) present more problems for well

installation using other drilling methods.

Drilling activitics that require the use of a truck-mounted dill rig will be subcontracted. Specific
requirements for drilling subcontractors include:
* Provision of a Health and Safcty Plan in compliance with that of the project

* Subcontractor employces must have completed the OSHA 40-Hour course with the
OSHA 8-Hour refresher, as necessary

¢ Subcontractor cmployces must be in a medical surveillance program
*  Lquipment sufficient to carry out the work as specified in the time aliotied
*  Allrequired licenses to drill and install wells in the state of Tennessee

* Appropriatc cxpeticnee on similar projects.

050006.01 WTP-2-1
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MACTEC Engineering and Consulting (MACTEC) personnel will provide on-site support for dnlling

activities. This support will consist of the following:

e Oversight of the drilling operation

e Preparation of the soil boring log (see Attachment 2.1) with lithologic interpretations
and observations relevant to investigative activities

e Physical collection of the soil samples for field or laboratory analysis (if any).

» Site monitoring in accordance with the HSP.

MACTEC personnel on site will include, at a minimum, a qualified geologist/engineer. Drill rig

equipment and other field supplies and equipment will be decontaminated as described under Section

3.2.3 of this WTP.

3.0 PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel
3 Well Installation and Development
i2 Personnel Protective Equipment Decontamination
13 Health and Safety Moenitoring

31 PREPARATION

The following subscctions list the procedures to be followed prior to beginning of drilling operations.

3.1.1 Office

Prior to leaving the office for field work, the field team leader is responsible for activities listed in WTP

1, as well as the following actions:

e Coordinating with the analytical laboratory to ensure that the sample containcrs, and
preservatives based on the expected number of samples and days on site are shipped
to the site and arrive prior to the start of drilling.

050006.01 WTP-2-2
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.
.

» Generating appropriate paperwork for each event including HTW drilling logs.
Shipping appropriate paperwork and ficld books to the site prior to the start of
sampling.

* Ordering appropriate supplics and equipment for delivery prior to the start of
sampling. A generalized list of sampling equipment and supplies is provided as
Attachment 2.2,

* Provide drilling subcontractor with number and depth of boring to be drilled and
cnsure that sufficient material quantitics will be available. Confirm drilling schedule.

*  Arrange for surveyor to locate drilling locations, as necessary

* Notify utility locating services at lcast three business days prior to drilling activitics.

3.1.2  Field

Alter arrival on site, but prior to commencement of operations, the following procedures will be

cmployed:

*  Mecet with site contacts, as neeessary to confirm drilling locations and 1DW storage
(roll-off boxes)

*  Verily that required equipment for drilling operations is on-site and functional

*  Conduct site sct up activities to include; posting of signage, provision of drums to
contain drill cuttings and other IDW (PPE, decon water), delincation of the drelling
arca with hazard/caution tape, and marking/staking of the locations 10 be drilled

* Tour the site and check the decomamination area

o Calibraic monitoring cquipment (as necded)

»  Conduet team revicw of the WTP and procedures to be followed (subcontractor and
MACTEC personncl)

3.2 FIELD OPERATIONS

A qualified geologist or engincer will oversee the drilling activities. Modifications to boring locations will

be approved by the Project/Task Manager prior to implementation.

(050006.01 WTP-2-3
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3.2.1 Drilling Procedures

Prior to setting up on the drilling location, the field team leader will confirm that the location has been
cleared with appropriate utility companies and with the property owner/tenant. Drilling will only proceed
where no aboveground or subsurface obstructions exist. Locations will be offset if these obstructions are
identificd or encountered after drilling has begun. The new locations will be as close as possible to the

origmally proposed locations; utility clearance will be performed again as necessary.

The following requirements will apply to drilling activities:

1. Drilling will conform to Shelby County rules and regulations, and Rules of TDEC,
Division of Water Supply, Chapter 12-4-10, Well Construction and Abandonment
Standard. Activities will also conform to EPA Region 4, Science and Ecosystems
Services Division EISOPQAM (2001).

2. All necessary precautions will be taken to prevent leakage of hydraulic oil or other
contaminants from the drilling rig into the borehole or onto equipment that is placed
in the hole.

3. The only acceptable drilling fluid is water. However, water will be used only when
necessary as approval by the project/task manager, and will be from an approved
source. Any bentonitc that may be added to the water will be 100 percent sodium
bentonite.

4. If water is used as a drilling fluid, a water sample from the drilling water supply tank

will be collected and analyzed for the contaminants of concern.

3.2.1.1 Drilling Procedures

The following procedures will be followed for completing cach soil boring/well:
1. Advance boring to the target depth. Water sources used during drilling will be
sampled as outlined in 3.2.1.2.

2. Monitor the breathing zone for organic vapors in accordance with the procedures
contained 1n the HSP. The tops of the boreholes will be monitored for percent oxygen
and combustible gases (LEL) using a combination explosimcter/oxygen meter.

3. Collect soil samples at specified intervals n borings for soil classification and/or
chemical analysis or field screening as specified in the project-specific work plan.

4. Determine and record the depth to groundwater observed during drilling.

050006.01 WTP-2-4
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3.2.1.2 Drilling Water Source

Water used during the drilling program will be clean, non-chlorinated water, where possible. Clean,
potable water will be uscd if a non-chlorinated source is not readily available. MACTEC’s drilling
supervisor will record the amount of water uscd. One sample of the water used will be colleeted from the
water source. Bach water transportation vehicle will also be sampled once during the drilling program.
These samples will be analyzed for the same parameters specified for the groundwater samples.
Information regarding the source of water used and any impact on analytical results will be included in

the ficld notes.
3.2.1.3 Drilling Logs

The geologist/engineer will log the subsurface conditions encountered in the boring, and record the
information on a Hazardous and Toxic Waste (HTW) Drilling Log (Attachment 2.1} and the logbook.
Additional pertinent information will also be recorded on the togbook, including, but not Iimited to, the

following:

s Dulling date

s Drilling method

e Geologist name

* Location of boring/Boring identification

e Dnllers name/Drilling subcontractor name/Type of drill rig

*  Diamcter of surface casing, casing type and method of installation

* Types of drilling fluids and depths at which they were used

e Weather conditions

»  Start and completion time for cach boring

*  Standard Penctration Test blow counts per six inch advance, if applicable

* OVA, Dracger tube and explosimeter readings above background (including depth of
cach reading)

*  Recovery length of cach sample

¢ Visual descripion of soil using the Unificd Soil Classification system
(ASTM-D-24588-00)

*  Dcpih at which sotl sample was collected for chemical analysis

»  Depth at which soil sample was collected for physical analysis

s Total number of sumples taken

*  Total depth of boring

s Boring reflusal

*  Watcer losses (1f applicable)

e Depth, thickness, idenufication and description of stratum

*  Water bearing strata (depth and thickness)

(150006.01 WTP-2-5
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e Depth at which saturated conditions were first encountered
e Lithologic descriptions and depths of lithologic boundaries
e Zones of caving or heaving
¢ Depths at which drilling fluid was lost and amount lost
e Changes in drilling fluid propertics
e Drilling rate
Drill rig reactions such as chatter, rod drops, or bouncing
+ Location of the boring relative to an easily identifiable landmark.

3.2.2 The Borehole

For a nominal 2-inch outside diameter well casing, borehole diameter wilt be a minimum of 6 inches. The
borehole shall provide a minimum of two inches of annular space between the outside diamecter of the
well casing and the borehole wall. Therefore, the sonic drill casing will require an inner annulus that is 6
inch diameter or larger. In cases where a hollow-stem auger is used, the inside diameter will be at lcast

four inches larger than the outside diameter of the casing and well screen.

3.2.3 Drill Rig Decontamination

3.2.3.1 Decontamination Areca

The location of the decontamination arca will be cleared with DRC personnel. The decontamination pad
will consist of a wooden frame lined with minimum 6-mil plastic sheeting. The pad will slope so that
waler can be temporary containerized in DOT-approved, 55-gallon, closed-top steel drums or other
approved containers. A schematic of the proposed equipment/vchicle decontamination layout 1s presented

in Attachment 2.3.
3.2.3.2 Decontamination Water Source
Potable water from the municipal water system will be used as a rinse in the decontamination procedure.

The Field Team Leader will be responsible for coordinating with DRC personnel to sccure an adequate

supply of tap water for decontamination procedures.

050006.01 WTP-2-6
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3.2.3.3 Drill Rig and Support Equipment

The following procedure will be used to decontaminate drill rigs and support equipment.

I Wash the external surface of equipment or materials with high-pressure hot water and
scrub with brushes and Liquinox or equivalent, if necessary, until all visible dirt,
grime, grease, oil, loose paint, rust flakes, cte., have been rinsed from the cquipment.

2. Rinse with potable water,

3. This decontamination procedure will be performed prior to cach use and between
cach well and sampling location. Decontamination solutions will be placed n
DOT-approved, 55-gallon, closed-top stecl drums or other approved containers,
maintained at the site, and labeled.

4. Decontamination water is considered investigation-derived wastes (IDW). Therefore,
the containers will be permanently labeled in a waterproof manncr and inventoried as
to their contents and source. The containers will be stored in the temporary staging
arca until proper disposal is arranged.

3.2.4  Borchotle Abandonment

Borcholes will be abandoned in accordance with both project-specific requirements and the apphcable

TDEC, Shelby County and USEPA guidance and requirements referenced in section 3.2.1.

Soil borings that cncounter groundwater will be abandoned by filling the boring with growt
(cement/bentonite) until undiluted grout is visible at the surface. The grout will be tremied into the
boring, keeping the tremic pipe below the grout surface. The tremic pipe should have side discharge
holes, not end discharge. The side discharge will help to maintain the integrity of the underlying material.
The grout will serve to scal off the aquifer from contamination from surface influences. The remaining
annutar space created by the settiement of the grout will be fimshed to the ground surface with the surface

cap material present prior to drilling (i.c., soil, concrete, asphalt, cte.).
3.2.,5  Investigative-Derived Waste

Any investigative-derived waste (i.c., drill cuttings, drilling fluid) that is contaminated will be disposcd of

in an approved fashion as specified in the FSP.

050006.01 WTP-2-7
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3.3 POST-OPERATION

The following subsections list the procedures to be followed after drilling operations have been

completed.
33.1 Field

Before leaving the site, the following procedures will be performed by on-site personnel:

Decontaminate all field equipment that has come in contact with seil or groundwater
¢ Ensure that each drilling location is clearly marked for surveying.

e Complete logbook, making notations as to site conditions, anomalous readings, etc.
e Complete HTW Drilling Log (Attachment 2.1).

e Ensure that cquipment and associated supplics are shipped back to the office.

e Ensure that IDW containers (e.g. drill cuttings, decontamination water) or PPE are
sealed and have been labeled clearly with the date, name, contents and source.

s FEnsure that the sitc is returned to its condition prior to drilling operations to the
extent feasible (i.c., trash related to drilling operations must be disposed of prior to
departure from the sitc).

3.3.2 Office

Upon return to the officc, field personnel will perform the following:

e Submit logbook and any original forms to Project/Task Manager for review.
 Inventory cquipment and supplies shipped back to the office.
e Make arrangements for the proper disposal of IDW.

050006.01 WTP-2-8
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4.0 REFERENCES
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Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001,

USEPA, 1991, Guidance on Oversight of Potentially Responsible Party Remedial Investigations and
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5.0 ATTACHMENTS

Attachment 2.1 - HTW Drilling Log
Attachment 2.2 — General Field Supply Checklist-Drilling Activitics
Allachment 2.3 - Vchicle/Equipment Decontamination Layout
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ATTACHMENT 2.2

General Field Supply Checklist-Drilling Activities

Steel Toe Workboots

Full Face Respirator (with appropriate cartridges)
Safety Glasses

Logbook

Pens

Data Collection Forms

OSHA Certification Card

Tape Measure

Hard Hat

Hammer

First Aid Kit and Emergency Eyewash Station
Overshocs

Sun Screen

Work Gloves

Disposable Gloves

FID

LEL

Water Leve! Indicator
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Revision {

ATTACHMENT 2.3

VEHICLE/EQUIPMENT DECONTAMINATION LAYOQUT
Defense Depot, Memphis, Tennessee

Work Zone Decon Zone Support Zone
p— I
Personncl
Decontamination Area
Enter &
Soup/Water Tuble Il:::
Sprayers w/supplics
Corncrete Decontamination Pad
SUMP

- =
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WORK AND TEST PROCEDURE 3
WELL INSTALLATION, DEVELOPMENT, AND ABANDONMENT

1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for the installation and
development of monitoring wells suitable to generate data for determination of the extent of groundwater
contamination and of site hydrogeological conditions. Procedures for well abandonment are also

included.

2.0 DISCUSSION

This WTP specifies details and procedures for the design, construction, instatiation, and development of

monitoring and injection wells at DDMT.

Monitoring wells allow for direct measurcment of both groundwater contamination and flow parameters
bencath the site. Monitoring wells will be designed and installation supervised by qualified environmental

professionals according to project specifications, and in accordance with USEPA guidelines.

Wwell installation will be performed by the drilling subcontractor under the direction of a MACTEC
geologist/engineer. General requirements for the drilling subcontractor and oversight are provided in

WTP 2, Drilling Operations.

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP;

NUMBER NAME
I General Instructions for Field Personnel
2 Drilling Operations
12 Personnel Protective Equipment Decontamination
13 Healih and Safety Monitoring

050006 01 WTP-3-1
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3.2 PREPARATION

Well installation will occur immediately after drilling. Therefore preparation for well installation should

be made prior to beginning drilling operations, these preparations are given in WTP ! and 2,

33 WELL CONSTRUCTION

Included in this scction is the rationale for sclection of well construction materials. A qualificd

geologist/engincer will oversee well installation activitics.

331 Well Construction Materials

Well risers will consist of material durable enough to retain their long-tcrm stability and structural
integrity and be relatively incrt to minimize alteration of groundwater samples. Selection of PVC or
stainless steel for the monitoring wells is based on the primary purpose of the well, which is the detection
of potential contaminants. PVC has demonstrated very good chemical resistance cxcept to high
concentrations of low molecular-weight ketones, aldchydes, and chlorinated solvents. Stamnless steel has
demonstrated very good chemical resistance, including resistance to high concentrations of low
molecular-weight ketones, aldehydes, and chlorinated solvents. Low concentrations of these samc
chemicals with long term exposure to PVC have not had documented cffects (Barcclona ct al., 1983;

NWWA, 1989).

Stainless steel resistance to corrosion, in most corrosive environments, particularly under oxidizing
conditions, has been shown (o be very cffective. Stainless steel requires cxposure o oxygen in order o
attain s highest corrosion resistance. Oxygen combines with part of the stainless steel alloy to form an
invisible protective film on the surface of the metal. As long as the film remains ntact, the corrosion
resistance of the stainless stecl remains high, According to Barcelona et al. (1983), in cascs where
long-term exposures in very cotrosive conditions are eminent, corrosion may occur with the subscquent

release of chromium or nickel as contaminants in ground water samples,

Well materials will consist of new, threaded, flush joint polyvinyl chloride (PVC) or stamless stect pipe,

with a minimum inside diameter of 2 inches. If PVC is uscd, the riser pipe witl conform to ASTM D

I'785, Standards for Schedule 40 Pipe. Materials will be new and unused and will be decontaminated prior

050006.01 WTP-3-2
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to installation. Casing will only be joined with compatible welds or couplings that do not interfere with

the primary purpose of the well. Use of solvent or glue will not be permitted.

Well screens will consist of new, commercially fabricated, threaded, flush joint, minimum 2-inch inside
(ID) diameter, factory slotted or continuous wrap PVC, or, in the case wherc known or expected
chlorinated solvents are present in the groundwater, stainless steel screen. Screen slot size will be based
on previous available soil information, but will be gencrally sized to prevent 90 percent of the filter pack
from entering the well. The screcn slot size will be adjusted if site geologic conditions significantly differ
from the expected conditions. Previous well installation at DDMT have gencrally used factory-slotted or
wire-wrapped screens with 0.010-inch openings, no less than 10-feet in length, and no greater than

20-feet in length.

Silt traps will not be used in monitoring wells. Sit traps usage fosters a stagnant, turbid environment,
which could influcnce analytical results for trace concentrations. A notch will be cut in the top of the

casing to be used as a measuring point for water levels.

3.3.2  Well Design

Monitoring wells will be designed and installed in a manner to accomplish the following objectives: to
collect representative groundwater samples; to prevent contamination of the aquifer by the drilling

equipment: to prevent vertical scepage of surface water or inter-aquifer contamination.
2

This section describes well installation and construction procedures including the placement of the screen,
installation of the filter pack, bentonite seal, and grout scal. The Field Team Leader and the Project/Task
Manager will collectively make decisions on well depths, locations, screened intervals, etc. Boring at
DDMT are generally drilled 10-feet into the clay unit at the basc of aquifers to confirm the local presence
of the lower confining unity. Well screens are generally set above the clay at the base of the aquifer; the

deeper portion of the boring 1s filled with bentonite.

3.3.2.1 Screen Location

The screened intervals will be selected for cach proposed well based on specific DQOS. There are several
water bearing units of interest present at DDMT (fluvial, intermediate, and Memphis aquifer). Both the

fluvial and intermediate aquifers can be found in unconfined conditions, with significant saturated
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i - 876 Bt
RASAF — Defense Depot Memphis Tennessee November 2005
Volume I - Field Sumpling Plan Revision 1
MACTEC Project No. 6301-06-0005

thickness (>50 fect). In most arcas, the saturated thickness of the fluvial aquifer is 20 feet or less. For
most wells at DDMT the screen will start from the top of clay upward, for a maximum of 20 feet of
screen per well. 1f the saturated thickness is substantially greater than 20 feet, a cluster well may be

installed so that the entire saturated interval is sereencd.

3.3.2.2 Filter Pack

A filter pack will be installed 1n the annular space between the boring and the well screen. The filter pack
will consist of silica sand. The filter pack will be ¢lean, incrt, well rounded and contain less than 2 pecreent
flat panticles. The filter pack will be certified as free of contaminants by the supplier and have a grain size

distribution compatible with the formation materials and the screen.

A filter pack size of (20-40) will be used based on wells previously installed at DDMT. This sand size
was determined from grain-size analysis of the screened intervals by previous consultants at the site. If
the site conditions show significant change (i.c. more gravelly, or much more clayey) from those
previously encountered a grain-size analysis will be completed and filter pack design based on those

results.

The Tilter pack will be placed from the bottom of the hole to a minimum of 4 feet above the top of the
well sereen. The filter pack will not extend across more than one watcr-bearing unit. When sonic drilling
methods arc used, the filter pack will be emplaced through the nominal 6-inch diameter steel casing using

the gravity method. The procedure for gravity installation of the filter pack will be as follows:

Prior to installation of the well casing, the side of the 6-inch stect casing will be thoroughly clcarcd of
sediment and cuttings by reaming with the 4-inch sampling barrel and flushing with potable water The
sand filter pack will be gravity-placed through the 6-inch stecl casing in lifts of no morc than
approximately 1 foot. Care will be taken to prevent bridging by frequently measuring the thickness of the
filter pack as it is placed. As the steel casing is slowly withdrawn between lifts, it will be vibrated with

the sonic drilling head to compact the sand filter pack.

3.3.2.3 Bentonite Seal

A minimum 5-foot thick bentonite seal will be installed above the filter pack in the annular space of the

well. Only 100 pereent sodium bentonite (pellets or chips) will be used and care will be taken to prevent
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bridging by frequently measuring the thickness of the bentonite as it is gravity placed. When the seal is
installed above the water table, the bentonite will be hydrated with water from an approved water source
as described in WTP 2 - Drilling Operations. At least 5 gallons of water will be added after each 24 to 30
inches of bentonite is placed. The bentonite seal will be allowed to hydrate for a minimum of 4 hours

prior to placement of the grout collar around the wells (USACE, 1998).

3.3.2.4 Annular Space

As described above, the annular space between the well riser and the borehole wall will be filled with a
filter pack, a bentonite seal, and a grout seal. In the case of deeper, Type 111 wells, the upper section of the

borehole will be cased with solid PVC or iron pipe and grouted in place.

3.3.2.5 Plumbness and Alignment

The well pipe assembly will be hung n the borchole, prior to placement of the filter pack, and not
allowed to rest on the bottom of the hole to keep the well assembly straight and plumb. Centralizers wiil
be installed at S0-foot intervals in wells greater than 20 feet in depth. The centralizers will not be attached
in the length containing the well screen or bentonite seal. In addition the centralizers should not restrict

the passage of the tremie pipe used for filter pack and grout placement (USACE, 1998).

3.3.2.6 Grout Seal

A nonshrinking cement-bentonite grout mixture will be placed n the annular space from the top of the
bentonite seal to approximately 6-inches below the ground surface. Concrete will be added in the

remaining annular space during nstallation of the protective casing and concrete pad.

The cement-bentonite mixture will consist of the following compounds in proportion to each other: 94
pounds of neat Type 1 Portland or American Petroleum Institute {(API) Class A Cecment, not morc than
four pounds of 100 percent sodium bentonite powder, and not more than 8 gallons potable water. A side
discharge tremie pipe will be used to place the grout mixture into the annular space. The tremie pipe will
be located a maximum of 10 feet from the top of the bentonite seal in decp wells to ensure cven
placement of grout in the annular space. Pumping will continue until undiluted grout is visible at the

surface.
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3.3.2.7 Well Completion Details

Type 11 and Type 1T Monitoring Wells will be completed as shown in the project Well Installation

Diagrams (Attachment 3.1 and 3.2 respectively).

Bascd on well focation and future arca use, the Project/Task Manager will determine surface completion
(flush or projecied above ground surface) requirements for all permanent monitoring well installations.
Temporary monitoring well installations will be clearly marked by the use of wooden stakes placed
around the well and cordoned off with silt fencing and/or barrier tape. For permanent monitoring well
installations, tf a well stick up is not appropriate, surface complctions will be flush with the land surface.
The casing will be cut approxmmately 3 inches below land surface and will be secured with a water tight
casing cap to prevent surface water from entering the well. A water-proof valve box with locking cover
will be placed over the well casing. The valve box lid will be centered in a 3-foot by 3-foot by 4-inch

thick concrete pad that slopes away from the box.

If an aboveground surface completion is used, the well casing will be extended 2 or 3 feet above land
surface. A casing cap will be provided for cach well. A vent hole will be placed in the protecting casing
and a ventilated well cap will be used. A steel sleeve will be placed over the casing to shicld the extended
casing and cap. The steel sleeve will be seated in o minimum 3-foot by 3-foot by 4-inch concrete surtace
pad. The diamcter of the sleeve will be a minimum of 4 inches greater than the diameter of the casing. A
weep hole will be drilled in the steel sleeve about 1 inch above the top of the well pad. The pad will be
sloped away from the well sleeve and a lockable cap or lid will also be installed. Three 3-inch diameter
concrete-filled steel guard posts will be installed around cach well unless the well is located in an arca
receiving vehicular traffic, These guard posts will be 5 fect in total icngth and installed radially from the
well head. The guard posts will be installed approximately 2 feet into the ground and sct in concrete;
these posts will not be installed in the concrete pad placed at the well basce, The protecetive sleeve and
guard posts will be painted orange using a brush (USACE, 1998). Installation of the well will be

completed prior sampling the weil.

Wells will be sceured immediately afier well completion. Corrosion-resistant locks will be provided for
both {lush and aboveground surface completions. A brass survey marker will be installed 1n the concrete
pad. The information required by the TDEC (i.c., well identification number, registration number, cte.)

should be inscribed, stamped or otherwise permanently marked on monitoring well identification tags.

030006.01 WTP-3-6
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3.3.3  Waell Installation

Well installation will be supervised by a qualified geologist. When installing wells through more than one
water bearing zone or aquifer, measures will be taken to prevent cross-connection or cross-contamination

of the zones during the drilling and well installation.

3.3.3.1 Procedurcs

Borings for monitoring wells will be advanced using sonic drilling, The following protocols will be used

to install the well casing and screcn:

1. Remove the PVC or stainless steel screen and riser from packaging and stcam clean
to remove manufacturing residues.

2. Fill deepest part of boring that has intersected the clay layer with bentonite.

3. Install a 10 to 20-foot section of minimum 2-inch (1.D.), threaded, flush jointed,
pre-manufactured PVC or stainless steel screen inside the steel drill casing.

4. Install solid riser to ground surface, plus 24-to 36-inch stick-up (if required).

5. Install the filter pack using the gravity method through the annular opening between
drill casing and well screen, as the drill casing is removed, to distnibute the filter pack
around the screen 1n a uniform height and density. Take care to prevent bridging by
measuring the thickness of the filter pack as 1t is placed.

6. Continue removing drill casing and installing filter pack until at lcast 4 feet above the
top of the well screen. Use the sonic drilling head to vibrate the steel casing as it is
slowly withdrawn in order to compact the filter pack and prevent bridging.

7. lInstall a minimum 5-foot bentonite seal. The bentonitc seal will be hydrated with
potable water. Allow the bentonite scal a minimum of 4 hours of hydration time
beforc grouting the annultus. Deeper wells below the water table can utilize bentonite
slurry for the bentonite seal 1f the potential exist for the bentonite to bridge during
instaltation through water or drilling mud; bentonite slurry, if used, will be placed
with a side-discharge tremie pipe.

8. Remove remaining drill casing and grout boring annulus to ground surface with
grout/bentonite mixture.

9. Develop well (after waiting no less than 24 hours after installation).

050006 01 WTP-3-7
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3.3.3.2 Well Installation Diagrams

The ficld supervisor will maintain suitable logs detailing drilling and well construction practices. Well
dimensions, amount, type and manufacture of materials used to construct cach well will be recorded on
the Monitoring Well Installation Diagrams (Attachment 3.1 and 3.2). Only Type 1l wells are currently
planned for installation at DDMT. Additional information to be recorded on the monitoring well

instatlation diagram will include:
s Wecll identification
¢ Drilling mcthod
s Installation date(s)
e Elevations of ground surface and the measuring point notch
* Total boring depth
o Lengths and descriptions of the sereen and rising

* Thickness and descriptions of filter pack, bentonite scal, casing grout, and any
backlitled material

¢ Record quantitics ol all materials

e Summary of matenal penetrated by the boring

Each tnstallation diagram will be completed in the ficld, reviewed n the office and submitted in an

appendix of the Technical Report,

3.3.4  Well Development

The purposc of well development is to create good hydraulic contact between the well and the aquifer and
to remove accumulated sediments from the well. Each newly installed monitoring well will be developed.
Drilling flutds used during well construction will be removed during development. The following sections

describe the procedures for well development.

3.3.4.1 Well Development Procedures

Each monitoring well will be developed no sooner than 24 hours after instatlation to allow for adequatc

grout curing time. Wells will be developed using pumps cquipped with surge rings or bailers. Any other

050006.01 WTP-3-8
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techniques must be approved by the Project/Task Manager. The monitoring well development protocol 1s

as follows:

1. Mecasure the static water level and the depth to the top of sediment in the well.
2. Record the total depth of the well (from the Well Installation Diagram).
3. Calculate the volume of water in the well and saturated annulus.

4. Begin developing the well using a combination of surging and pumping. Continue
pumping and periodically surging until each the following criteria have been met:

a. Fluids lost to the formation during well installation have been removed (this is a
minimum requirement where conditions permit}.

b. The well water is clear to the unaided eye and the turbidity of the water removed.

¢. pH, temperature, turbidity, and specific conductance have stabilized. In general,
ficld parameters are stable when nephelometric turbidity units {NTUs) are less
than 10, pH is within 0.1 on consecutive rcadings, and temperature and specific
conductance are within 10 percent of previous readings. It should be noted that
natural turbidity levels in ground water may exceed 10 NTU.

d. If feasible, monitor the static water level (SWL} during purging. Adjust the purge
rate (o keep the SWL from dropping more than 0.3 meter from the initial SWL.

e. No sediment remains in the bottom of the well. However, it can be accepted 1f the
sediment thickness remaining within the well is less than 1 percent of the screen
length or less than 0.1 ft for screen equal or less than 10 feet long.

5. In the event that the above criteria have not been met after six hours of pumping,
surging, and bailing (including recharge time for poorly recharging wells),
development activitics will be temporarily discontinued at that well. The MACTEC
field staff will advise the MACTEC Project/Task Manager who will decide whether
or not to continue development of the well.

6. 1In the event of slowly recharging wells that will not sustain pumping or bailing, the
MACTEC field staff wiil advise the Project/Task Manager as soon as a determination
of cstimated recharge time has been made.

7. Physical characteristics of the water (suspended sediment, turbidity, temperature, pH,
EC, purge rate, odor, etc.) will be recorded throughout the development operation. At
2 minimum, they will be recorded initially and after each well volume has been
removed, or every 30 minutes, whichever comes first.

8. The total quantity of water removed and final depth to the top of sediment (total
depth of well) will be recorded.

9. The static water level in the well (after at least 24 hours) will also be recorded once
the water level in the well has completely recovered.

050006.01 WTP-3-9
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No detergents, soaps, acids, bleaches, or other additives will be used to develop a well.  Well

development cquipment will be decontaminated as specified in WTP 11 -Sampling Equipment

Decontamination.

3.3.4.2 Well Development Records

Well development data will be recorded on Well Development Data Sheets. An cxample of this sheet is

shown as Attachment 3.3,

3.3.4.3 Well Development Water

Development water will be drummed or stored in bulk containers. The containers will be clearly labeled
with sitc namc, well name, date, and contents. The development water will be properly disposed in

accordance with IDW procedures sct forth in the FSP

3.3.5  Well Abandonment

Afier it has been determined that a monitoring well is no longer needed it will be abandoned. According
to the L'TM Plan (CH2M Hill, 2004), wells arc recommended for abandonment for the following reasons:

e The test objectives have been achieved and the well 1s no longer needed.

The well ts improperly constructed, i.c.

= Well installed with improper instaltation of the outer casing and position of
the sand pack .

- Wells with elevated pH readings (due to improper construction)

¢ The wells that have improperly placed screens or long screens.

e The monitoring wells where dense non-aqueous phase liquid has been potentiatly
indicated.

The well has been vandalized or damaged.

To properly abandon a well, the surface completion (concrete pad and protective casing) should be
removed and the well filled with a cement/bentonite grout from the bottom. An alternative method is to
completely remove the well casing and sereen from the borchole. This may be accomplished by
over-drilling the well casing down to the bottom of the borchole, thereby removing the grout and filter

pack materials from the hole. The well casing should then be removed from the hole with the drilt rig.

050006.01 WTP-3-10
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The borchole can then be backfilled with the appropriate grout material. The grout should be placed into
the borehole from the bottom to the top by pressure grouting with the positive displacement method
(tremie method). The top 2 feet of the borehole should be poured with concrete to insure a secure surface
seal (plug). The concrete surface plug can also be recessed below ground surface if the potential for

construction activities exists.

3.3.6 Survey of Well Locations

Upon completion of the wells, a Tennessee licensed professional surveyor will locate each new
monitoring well by standard surveying methods. A vertical survey will be conducted to establish the
elevation of each monitoring well casing and brass disk. Vertical control will be to the National Geodetic
Vertical Datum. The horizontal grid coordinates within 0.1 foox, the ground clevation to within 0.01 foot,
and the elevation of the top of casing (notch) within 0.01 foot will be rccorded. The survey will be

referenced to the State Planc coordinate system.

34 POST-OPERATION
3.4.1 Field

Before leaving the site, the following procedures will be performed by on-site personnel.

s Decontaminate all field equipment.

e Ensurc that installed/developed wells are secured.

s Complete logbook, making notations as to site conditions, anomalous readings, cte.
» Complete monitoring well development records and well installation diagram.

» Ensurc that related equipment and associated supplies have been shipped back to the
office.

e Ensure that all IDW containers are sealed and labeled clearly with the date, name,
and contents.

e Ensure that the site is returned to its condition prior to well installation to the extent
feasible (i.e., all trash related to well installation and development must be disposed
of prior to departure from the site).

050006.01 WTP-3-11
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342 Office
Upon return to the ofticc, ficld personnel will perform the following:

*  Submit logbook and any original forms to Project/Task Manager for review.
* Inventory equipment and supplics shipped back to the office.
¢ Make provisions for the proper disposal of IDW.
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5.0 ATTACHMENTS

v

Attachment 3.1- Type 11 Monitoring Well Stickup Installation Diagram
Attachment 3.2- Type I Monitoring Well Flush Mount Installation Diagram
Attachment 3.3 - Well Development Record
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ATTACHMENT 3.1

TYPE I MONITORING WELL INSTALLATION DIAGRAM (STICK~UP COMPLETION)

PROJECT NAME

PROJECT NQ.

WELL NO
DATE TIME

WELL LOCATION

GROUND SURFACE ELEVATION,

BENTOMITE TYPE

MANUFACTURER
TOP OF SCREEN ELEVATION
CEMENT TYPE
REFERENCE POINT ELEVATION
MANUFACTURER
TYPE FILTER PACK GRADATION
FILTER PACK MANUFACTURER
BOREHOLE DIAMETER
SCREEN MATERIAL MACTEC FIELD REPRESENTATIVE
MANUFACTURER
DRILUNG CONTRACTOR
SCREEN DIAMETER SLOT SIZE
AMOUNT BENTONITE USED (SEAL)
RISER MATERIAL AMOUNT BENTONITE USED (GRGUT}
MANUFACTURER
AMOUNT CEMENT USFD (GROUT)
RISER DIAMETER
AMOUNT SAND USED
DRILLING TECHNIQUE
AUGER /BIT SIZF AND TYPE STATC WATER LEVEL {>24 hrs cfter dev)
MEASURED ON (Date/Time)
REMARKS
{NOT TO SCALE;
ALL MEASUREMENTS N FEET)
VENTED LAP

1 OCKABLE COVER

~2.5 FEET
WELL PROTECTOR P GROUND
PROTICTIVE SURFACE
ROSTS (4) ———= STIGKUP
Eﬁ )
DIMENSIONS OF
CONCRETE PAD LENGTH OF
DERPTH 10 TOP OF SOUID RISER
BENTORITE SEM—\
DEPTH TQ 10M TOTAL LENGTH
SAND PACK OF WELL {TOC
TO BOTTOM OF
END CAP)
RISER
NGTH OF —
) CONGRETE ;E:REEN ©
Faza e
TEEE  oRout SCREEN TOTAL DEPTH
ENGTH OF OF BORING
7 LEN b
V7773 eenton G o {bgs)
CAP o
[ ] SAND FILTER PACK |
DRILLER: INSPECTOR;
QA / QC )
DISCREPANCIES. _ CHECKED BY: DATE:
F\desian\Stendard Details\Weit installation gioarams\ATACH S—1b3.dwe  12/23/72002 10:500om  talodsto
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ATTACHMENT 3.2

TYPE Ill MONITORING WELL INSTALLATION DIAGRAM (FLUSH MOUNT COMPLETION)

PROJECT NAME

PROJECY NO.

FILTER PACK MANUFACTURER

WELL NO. WELL LOCATION
DATE TIME
GROUND SURFACE ELEVATION BENTONITE. TYPE

MANUFACTURER
TOP OF SCREEN ELEVATICN

CEMENT TYPE

REFERENCE PQOINT ELEVATION

MANUFACTURER
TYPE FILTER PACK GRADATION

SCREEN MATERIAL

BOREHOLE DIAMETER

MACTEC FIELD REPRESENTATIVE

MANUFACTURER

SCREEN DIAMETER SLOT SIZE

RISER MATERIAL

DRILLING CONTRACTOR

AMOUNT BENTONITE USED (SEAL)
AMOUNT BENTONITE USED (GROUT)

MANUFACTURER

RISER DIAMETER

AMOUNT CEMENT USED (GROUT)

ORILLING TECHNIQUE

AMOUNT SAND USED

AUGER/BIT SIZE AND TYPE

STANIC WATER LEVEL (>24 hrs cfter dev)

REMARKS

MEASURED ON (Date/Time).

(NOT TO SCALE:
ALL MEASUREMENTS IN FEET)

WELL PROTECTOR

/—— LGCKABLE CAP

[

GROUND
SURFACE

A ooc
DIMENSIONS OF /
ONCRETE, PAD
cone LENGTH OF gggngo
CASING S0LID RISER OF CASING
DEPTH 10 TOP OF
BENTONITE SEAL ——- :
1 —‘—‘—hh—m.—-’—‘- i
T TOTAL LENGTH
DEPTH TO TOP OF ——— OF WELL {TOC
SAND PACK TO BOTTOM OF
ENC CAP}
RISER
] LENGTH OF — |
E e Q CONCRETE E SCREEN
Ty oRoul SCREEN = FOTAL DEPTH
= ¢ OF BORIMG
) = LENGTH OF b
% BENTOMITE - ri D CAP | (tgs)
[ ] SAND FILTER PACK - ¥| -
DRILLER: INSPECTOR,
Ga / QC )
DISCREPANCIES: CHECKED 8Y: __ DATE:
J: \desion\Standard Detaits\Well installetion dioarams\ATACH S—1bB.dwa  12/20/2002 3:095m  ralexond
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WELL DEVELOPMENT DAT

PROJECT NAME PROJECT No.
DEVELOPED BY CHECKED BY SHEET 1 OF
1. Well No.: Site Location:

2. Date of Installation”

3. Date of Development:

4. Static Water Level: Belore Deveiopment fi.; 24 hrs. Alter ft ; Date/Time

5. Organic Vapor: Before Development ppm; After Development ppm

6. Quantity of Water Loss During Driliing, If Used: gal.

7. Quantity of Standing Water in Welt and Annulus Before Development: gal.

8. Depth From Top of Well Casing to Bottom of Well: f. (from Well installation Diagram)

9. Well Diameter. in.

10. Screen Length: fL.

11. Minimum Quantity of Water 1o be Removed: gal.

12. Depth to Top of Sediment:  Before Development ir.; After Development fr.

13. Physical Character of Water (BeforefAfter Development}:

14. Type and Size of Well Development Equipment:

15 Descrption of Surge Technique, If Used:

16. Height of Weli Casing Above Ground Surface: it. (from Welt lnstaliation Diagram)
17. Guantity of Water Removed: gal. Time for Removal: hr. / min.
18. 1%-Liter Water Sample Collected: (Time}) Photcgraphed? Y / N

19. Final Turbidity in Nephelometric Units: NTUs

20. Final Imhoff Cone Measurements < .75 mUL, If Applicable:

HF — Rev, 4/3§
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(continued)
L. DEVE M B
(Centlnued)
PROJECT NAME PROJECT No.
DEVELOPED BY CHECKED BY SHEETY OF
Well No.: Site Location:
Datef Hrs. Dev./ Gals. Purged/
Time  [Cum. Hrs, Dev. | Cum. Gals. Purged pH Temp. | Cond. NTUs Remarks
HF - Rav. 4/94
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WORK AND TEST PROCEDURE 4
GROUNDWATER SAMPLING
1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for collection of groundwater

samples for field or laboratory analysis.

2.0 DISCUSSION

This WTP specifies details and procedures for collecting groundwatcr samples for chemical analysis.
Groundwater samples will be collected from monitoring wells using either a disposable Teflon bailer or a
stainless steel bladder pump. The groundwater samples will be analyzed to identify chemical constituents

and their concentrations.

3.0 PROCEDURES
341 ASSOCIATED PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP:

NUMBER NAME
] Generai Instructions for Field Personnel
3 Well Installation and Development
7 Sample Control and Documentation
8 Sample Containers and Prescrvation
9 Sample Packing and Shipping
10 Sampling Equipment Decontamination
12 Personnel Protective Equipment Decontamination
13 Health and Safety Monitoring

3.2 PREPARATION

3.2.1 Office

Prior to leaving the office for field work, the field team lcader is responsible for activities listed in

WTP 1, as well as the following actions:

050006.01 WT-4-1
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*  Working with the project chemist to generate a sampling plan detail listing the wells
and constituents to be sampled

* Coordinating with the analytical laboratory to ensure that the sample containers, and
prescrvatives arc shipped to the site and arrive prior to the start of sampling event

*» Generating appropriate papcrwork for cach event including; sample labels, request
for analysis forms, field sampling rcports, purge forms. Shipping appropriate
paperwork and fickd books 1o the site prior to the start of sampling.

¢ Ordering appropriate supplies and equipment for delivery prior to the start of
sampling. A generalized list of sampling cquipment and supplics is provided as

Attachment 4.2

*»  Confirm the shipping receipts and schedule with lab and equipment supplicrs

3.2.2  Field

Alter arrival on site, but prior to commencement of operations, the following procedures will be

cmployed:

¢ Cheek that required sampling equipment has arrived on site.

e Conduct site sct up activitics; posting of signage and establishment of 2
decontamination area, and organization and nventory of supplics in the ficld storage
arca.

Check that monitoring cquipment is functioning properly, and calibrated as necded.

* Lnsure that sufficient drums are on site to containerize any cxcess sample material
collected.

¢ Assign task to ficld tcams according to the project work plans
33 FIELD OPERATIONS

Prior to sampling, a ficld station wil] be established. The station will contain cquipment, supplics, safcty
gear, and instrumentation necessary for the collection of samples. Field instruments will be caiibrated,
tiles containing sample information will be processed, and sample bottles will be sorted for cach sample

location according to analyscs.

Environmental conditions will also be noted. Each sampling sitc will be characterized by the following

factors:

050006.01 WTP-4-2
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Location of work

Weather conditions

Rainfall amounts

Tempcrature — minimum and maximum

Wind direction

Ongoing activities that may influence or disrupt sampling etforts

Accessibility to the sampling locations (c.g., rough terramn, fallen trees, flooding, etc.)

s % & & o @&

These conditions will be recorded in the ficld sampling books and used to assess sampling
procedures in relation to the sample data. A Site Manager — Daily Quick Reminder List for use in

guiding ficld activities is included as Attachment 4.6.

3.3.1 Sampling Equipment Calibration

Field measurements of groundwater physical paramcters arc used for groundwater sampling and for
independent measurements during remedial actions. Before, during, and after usc, the water-quality
measurement equipment will be properly calibrated per manufacturer’s instructions and following EPA
Guidance (EISOPQAM 2001). After sampling, before leaving the site, a calibration check will be made as

described in the following sections.

Ficld measurements will be made with a YSI 6920 or similar multi-probe device with flow-through cell.
The flow cell allows a water sample to be pumped from a source, such as a groundwater monitoring well,
to a sonde. Flow cells add cfficiency to low flow purging and field sampling applications, when it is
impossible or undesirable to place a sonde down-hole in situ in a well. Calibration proccdures for the YSI

6920 arc given as Attachment 4.1.

3.3.2  Sample Collection Procedures

Groundwater samples may be collected from monitoring and injection wells, or piczometers. In most
cases, non-dedicated bladder pumps or disposable bailers will be used to sample the wells. Passive
Diffusion Bags may also be used for groundwater sampling. Decontamination of pumps at water level
indicators are required prior to and after each sampling event. A general supply list for groundwater

sampling is given as Attachment 4.2.

Sampling will be performed no less then 24 hours after well development is complcted. Observations

made during sample collection will be recorded n a field notebook and on a monitoring well purge and
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sampling form. The following intitial steps will be followed before collecting groundwater samples in the
ficld.

I. Locate the well to be sumpled and record the condition of the well including any
damage or cvidence of tampering.

2. Lay out plastic sheeting around the wellhead and place the monitoring, purging, and
sampling cquipment on the shecting to prevent contamination of the surface soils and
the cquipment.

3. Determine concentration of organic vapors cvery time a casing cap is removed to
measure a water level or to collect a sample.

4. Water levels will be measured before purging, during purging, and after sampling.
For wells with dedicated pumps, water levels will be measured ONLY if the water is
above the top of the pump. DO NOT puli the pump to measure the water level, The
water level probe should be carefully lowered down the well to minimize
disturbance.

Caution shall be used when opening cach well to avoid fumes which may have
accumutated and 1o prevent forcign materials from entering the well.  All
ground-water levels shall be measured to the nearcst 0.01 foot (from the well datum
reference point) using an clectronic water level indicator. Each well will be marked
with an casily identifiable permanent reference point that will be located on the top of
the well casing. The depth to ground water will be measured from this reference
point to the ground-water surface in the well. The depth to ground water data will be
recorded m either a project ficld notebook or on a ground-water level measurement
sheet. The depth to the ground water is subtracted from the surveyed elevation of the
reference point to determine the ground-water elevation.

The water-level indicator and tape will be decontaminated prior to cach use. The
decontamination procedure for the water level indicator is.

A. Hand wash the calibrated tape and probe with a solution of Alconox (or
cquivalent).

B. Rinsc with deionized (Reagem Grade 1) water.

5. Measure the water level from the measuring point to the nearest 0.01 foot, as
specified in ASTM D4751).

6. DO NOT measurc the total depth of the well prior to sampling. Well depth should be
obtained from well logs. Measuring to the bottom of the well casing may causc
re-suspension of settled solids.

7. IT'the turbidity cannot be reduced to below 20 NTUs after purging for approximately
two hours (and other ficld paramcters arc stable as indicated 1n the following
scetions), then the ficld tcam leader shall be contacted for approval to sample the
well. 1f the turbidity is below 50 NTU, then the well may be sampled without using
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filtration techniques. If the turbidity is 50 NTU or higher, then both dissolved and
total metals and dissolved and total organic carbon samples should be collected
(samples for organic compound analysis should not be filtered). The dissolved
metals and organic carbon samples should be collected by filtration with a disposable
0.45 pm 1n-line filter, Approximately 500 mL of the groundwater should be pumped
through the filter and disposed prior to sample collection.

3.3.2.1 Sampling using a Disposable Bailer

The sampling protocol will be as follows for the collection of groundwater samples using a disposable

Teflon batler:

1. Well sampling equipment will be decontaminated as specified in WIP 11 - Sampling
Equipment Decontamination, and protected from recontamination until use. Purging
and sampling will be conducted in a manner that minimizes the agitation of
sediments in the well and formation. Equipment will not be allowed to free fall into a
well.

2. Measure the static water level prior to purging using a decontaminated electronic
water level indicator. The probe of the water level mdicator will be lowered into the
well bore and the watcr level will be recorded.

3. Attach the Teflon coated stainless steel leader ropc to the bailer and polypropylenc
(or nylon) rope to the Teflon coated rope. Lower the bailer into the well, until 1t
contacts the water surface. Allow the bailer to sink and fill with a minimum of water
surface disturbance. Slowly withdraw the bailer from the well, preventing the bailer
and bailing line from touching the ground.

4. The well should be purged until a minimum of three well volumes is removed from
the well, and the water quality indicators of pH, specific conductivity, and turbidity
stabilize. Readings will be taken every 5 to 10 minutes and recorded on the well
purge form (Attachment 4.4).  Stabilization 1s achieved after three successive
readings are within + 0.1 for pH, = 3% for specific conductance, and <20 NTU for
turbidity. Tempcrature will also be measured and recorded, but will not be used as a
stabilization parametcr. Sampling may begin once the well has stabilized. If
stabilization does not occur or turbidity cannot be reduced below 20 NTU, the ficld
teamn leader should be contacted for further guidance. If the well is purged dry, a
sample will be collected as soon as sufficient recharge has occurred within 24 hours.
Temperature, specific conductance, turbidity and pH will also be measurcd and
recorded; however, stabilization of these parameters is not required.

5. After purging the well and allowing for sufficient recharge, collect samples by
pouring the water from the bailer into the appropriate sample containers. This process
will be repcated as necessary to fill each container.

6. Collect the samples to be analyzed for volatile organics first, filling the bottle,
leaving zero headspace. Proceed with the collection of samples for the remaining
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9.

0.

analyses, collecting the more volatile parameters first. (Refer to sampling order
presented in the low-flow scction).

Wells should be sampled in order of increasing contamination (i.c. - samples that are
cxpected to be lcast contaminated will be collected before those that are more highly
contaminated) and as specified in the project specific work plan and WTP-8 - Sample
Control and Documentation, and WTP-9 - Sample Containers and Prescrvation.

Add preservatives if necessary to samples as indicated in the QAPP and WTP-9 -
Sample Containers and Preservation, label the sample containers as specified in the
QAPP and WTP-8 - Sample Control and Documentation, and WTP-9-Sample
Containers and Preservation.  Required sampic containers and holding times are
presented in the project work plan, QAPP, and WTP-9 - Sample Containers and
Prescrvation.

After samples have been collected, replace the well cap and lock the security casing.

Place samples into the cooler with ice and fill out required Chain-of-Custody
documents in accordance with the procedures specified in the QAPP.

- Record field conditions, any problems encountered during sampling, and sample

appearance in the ficld logbook and transfer the information to the Field Sampling
Report (Attachment 4.2). In addition to the information required in any ficld
sampling investigation (WTP 1 - General Instructions for Ficld Personnel), the
following information will also be recorded m the logbook cach time a well is purged
and sampled.

Depth to water before and after purging

Total depth of the well (measuie after sample collected)

»  Condition of cach well, mcluding visual (mirror) survey

The thickness of any floating hydrocarbon layer

Ficld parameters such as pH, conductance, temperature, and turbidity

3.3.2.2 Sampling Using a Bladder Pump

876

November 2005
Revision |

The sampling protocol will be as follows for the collection of groundwater samples using a stainless

steel/Teflon bladder pump:

050006.01

Slowly and carctully lower the pump inlct to, or skightly above, the screened interval
where representative groundwater flow 1s expeeted. In cases where the cntire sereen
is not saturated, place the pump inlet at or slightly above the middle of the saturated
zong, keeping in mind the limitations stated below.

DO NOT place pump inlet less than 2 feet above the bottom of the well, as this may
cause the mobihization of bottom sediments. If saturated sereen length is 2 feet or
tess, place pump inlet to, or slightly above, the middlc of the screened interval.
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3. Allow at least | foot of water above the inlet so there is little risk of entrainment or
air in the sample.

4. After the water level in the well has equilibrated, begin purging at a rate of 200 to
500 mL/minute. All purge water will be containerized as IDW. The appropnate and
final purge rate will be determined by monitoring groundwater drawdown.
Drawdown should not exceed 4 inches.

5. The discharge during purging and sampling must flow with minimal turbulence or
agitation,

6. The water level should stabilize and the pump rate should allow watcr to recharge the
well so that little or no water level drawdown 15 observed.

7. Record groundwater level frequently until stabilization occurs. Adjust discharge rate
appropriately to make sure that excessive drawdown does not occur. After
stabilization, measure water levels at regular intervals.

8. If drawdown is greater than 4 inches, decrease the discharge rate of the pump and
repeat discharge and water level measurements. Repeat until the water level stabilizes
to closely match the recharge rate. Record pumping rate and any adjustments and
depths to water on the purging and sampling log sheet.

9. An in-line multi-probe flow-through cell will be used to monitor the indicator
parameters 5o as not to expose the sample to the atmosphere prior to measurement of
the parameters. During purging, water quahty indicator parameters ipH, redox
potential (ORP), turbidity, specific conductivity, and dissolved oxygen (DO)] will be
measured every 5-10 minutes until the parameters have stabilized. Measurement
should be recorded on the well purge form (Atachment 4.4} A minimum of 5 sets of
water quality indicator parameters should be recorded.

10. Stabilization is achieved after threc successive readings arc within & 0.1 for pH, = 10
mV for ORP, + 3% for specific conductance, = 10% for DO, and <20 NTU for
turbidity. Temperature will also be measured and recorded, but will not be used as a
stabilization parameter. Sampling may begin once the well has stabilized.

11. Specific conductance and DO usually take the longest to stabilize. Fifteen munutes to
1.5 hours of purging at the rccommended purge ratc may be required to reach
stabilization. Stabilized purge indicator trends are generally obvious and follow
either an exponential or asymptotic change to stable parameter values during purging.
The above stabilization guidelines are provided as estimates and will not be
appropriate for use in all circumstances.

12. The pump will not be turned off between the purging and sampling processcs.

13. If stabilization does not occur or turbidity is >20 NTU after two hours of purging, the
field team lcader should be contacted for further guidance.

Wells installed in very low permeability formations (<0.1 L/minute recharge rate) will require alternative

purging and sampling methods. Use of the usual low-flow techniques 1s impractical in this type of
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cnvironment, because devices to pump at such low flow rates are not readily available. Under these
conditions, the wells will be pumped at the lowest practical rate, and an attempt will be made to stabilize
all parameters cxcept drawdown. Sampling will commence early enough to ensure that the screened
interval is not exposed to atmospheric conditions by the time the last sample is taken. In the event the
added limitation of an insufficient volume of water in the well is encountered, the well will be sampled
using a disposable Teflon bailer. The well will be bailed to dryness and sampled when it has recharged to

the static water level.

Groundwater samples will be collected by gently filling the sample bottles with minimum turbulence once
equilibrium is established. Lower the flow rate to 100 mL/minute and collect the paramcters in the

lotlowing order:

*  VOCs (no headspace)

¢ Mecthane, Ethane, Ethene (no headspace)

e Carbon Dioxide (no headspace)

¢ TOC (no headspace)

s Sulfide (no headspace)

¢ Anions

e Alkalinity

»  Mectals (total and dissolved)

»  Field Parameters (ferrous iron and carbon dioxide)

3.3.2.3 Sampling Using a Passive Diffusion Bag Sampler

Scleet groundwater samples will be collected for VOC analyses using passive diffusion bag (PDB)
sampling. A typical PDB sampler consists of a tow-density polycthylene tube closed at both ends and
filled with deionized water. It is positioned in the well at the desired target depth by attaching it to
weighted line, or a fixed object. The water within the bag is then allowed to equilibrate with the ambient
groundwatcr (at least two weeks) before being retrieved. The sampler water is then decanted into 40 mL
volatile organic analysis (VOA) vials and sent to the lab for analysis. Detailed procedures for using PDB
samplers in wells can be found in “User’s Guide or Polycthylene-Based Passive Diffusion Bag Samplers
lo Obtain Volatile Organic Compound Concentrations in Wells” (USGS, 2001). The following is a

generalized summary of PDB sampling:

E. The top and bottom of the PDB sampler will be attached to 3/16” polyester or similar
non-buoyant rope strong cnough to support the weight of the sampler and subject to
minimal strctch. The PDB will be suspended within the well sereen at various depths
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based on the measured total depth and knowledge of the location of the screen in the
well, Weights will be attached to the bottom of the sampler to keep it in place in the
hole. The sampler can also be configured to rest on the bottom of the well. The
sampler will be allowed to equilibrate before being carefully retricved with the
attached line and the contents analyzed.

2. For wells with dedicated in-well pumps, thc PDB sampler will be tied to the pump
just below the inlet using plastic cable ties or stainless rings. Total well depth will be
measured after pump removal and compared to current records to ensure that the
PDB will not rest in sediment settled in the bottom of the well. A stainless stecl
weight will be attached to the bottom of the PDB to counterbalance the buoyancy of
the sampler and keep it in position. The pump/PDB apparatus will then be very
carefully lowered back down the hole and secured in position.

3. After the equilibration period, the bags will carefully be withdrawn from the hole and
the bag removed from the pump and inspected. Any cvidence of algae or other
coatings on the bag or tears in the membrane will be noted in the field book. If there
are tears, the sample will be rejected.

4. The contents of the intact bag will then be transferred to pre-preserved VOA vials
causing as little agitation of the sample as possible. The samples will then be shipped
to the laboratory for analysis.

34 POST-OPERATION

34.1 Field

Before Icaving the site, the followin;g procedures will be performed by on-site personnch:

+ Decontaminate cquipment.
e (Complete logbook, making notations as to site conditions, anomalous readings, etc.
e Ensure that equipment and associated supplies have been shipped back to the office.

e TEnsurc that the site has been cleaned to its pre-sampling state (i.c., ensure that all
trash generated as a result of sampling activities is disposed of).

e Ensure that all drums containing any IDW are properly labeled with the date and
drum contents. If IDW samples are to be taken, follow the procedures outlined in
WTP 7 — Waste Sampling.

342 Office
Upon return to the office, field personnel will perform the following:

«  Submit logbook and any original forms to Project Manager for review.
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* Inventory equipment and supplies shipped back to the office.

¢ Make provisions for proper disposal of IDW upon receipt and revicew of the
laboratory data concerning the contents,
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5.0 ATTACHMENTS

Attachment 4.1 — Sample Equipment Calibration
Attachment 4. 12 - YS! Calibration Sheet
Attachment 4.2 - General Ficld Supply Checklist-Sampling Activitics
Attachment 4.3 - Ficld Sampling Report Form
Attachment 4.4 — Purge Form
Attachment 4.5 - Daily Quality Control Report Form
Attachment 4.6 - Site Manager - Daily Quick Reminder List
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ATTACHMENT 4.1

YSI 6920 Calibration Procedures

The YSI 6920 will be calibrated for the following parameters; pH, temperature, specific conductivity meter,
turbidimeter, dissolved oxygen, and redox potential. The following sections describe the procedures for
calibrating each of these parameters. Date, time, and any problems encountered during calibration and check
should be noted in the site field book, and complete records of each calibration recorded on YSI calibration

sheet (Attachment 5.1a)

Conductivity

The following steps will be followed to calibrate the conductivity probe on the YSI 6290.

1. Prior to calibration, put the sonde into the Run mode and let the sensors make rcadings in
air. The conductivity reading should be less than 3 uS/cm. If the readings are much higher
(>10 uS/cm), follow the probe cleaning procedures before calibrating the sonde

2 Pour cnough standard into the calibration/transport cup to fully immerse the conductivity
cell and thermistor. The calibration standard used should be within the same range as the
water to be sampled. However, standards with less than 1 mS/em (1000 uS/em) are NOT
recommended.

Recommended Calibration Standards.

Freshwatct: 1 mS/em standard
Brackish water: 10 mS/cm standard
Scawater: 50 mS/cm standard

3. Placc the probe into the standard and make sure that the probe is completely immersed past
the vent hole. Gently tap the side of the calibration cup to dislodge any air bubbles trapped
inside the cell

4. Allow at least 1 minute for temperature cquilibrium to occur before proceeding.

5 From the Calibrate menu, select Conductivity and then SpCond to calibrate for Specifte
Conductance (or temperature-compensated conductivity). Enter the value of the standard
in mS/cm at 25°C and press Enter
NOTE: The value entered MUST be in mS/cm. Multiply the value in uS/cm by 1000 to

convert to mS/cm

6. Obscrve the conductivity readings until they stabilize and do not significantly change for
approximatcly 30 scconds and then press Enter. The scrcen will indicate that calibration
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has been accepted and will prompt you to press Enter again to return to the Calibrate
menu.

7. Escapc out of the Calibrate menu back to the Main menu. Sclect Advanced and then
Cal Constant. Record the Cond ccll constant which should range between 4.55 and 5.45

8. Rinse the sensors and calibration cup in DI water and then procced to calibrate pH.
Conductivity Calibration Tips:

¢ Calibrate conductivity first to avoid carry-over from other standards. NOTE: pH buffcrs
are highly conductive!

® Never calibrate with standards that arc less than 1.0 mS/em. These standards arc casily
interfered with by owtside clectrical noise (RF, cte.)

o Pre-rinsc the sensor with a small amount of standard to eliminate contamination.

¢ Ensure that the conductivity probe is completely immersed in standard. The hole in the
side of the probe MUST be under the surface of the solution and NOT have any trapped
bubbles m the openings.

e If the meter reports “Out Of Range,” investigate the cause.  NEVER overnde a
calibration error without fully understanding the cause. The most typical cause is an
incorrect entry of the standard value such as 1000 (uS/em) rather than 1.0 (mS/cm).
Other common errors are (1) not using enough standard to fill the cell and vent hole and
{2) air bubbles trapped in the cell.

*  When the calibration has been aceepted, check the conductivity cell constant found in the
Advanced menu under Cal Constants. The Cond ccll constant should be 4.55 1o 5.45.
Values out of this range usually mdicate a problem with the calibration process or
calibration standard.

pH
The following procedure describes a 3 point to calibration of the pH probe on the YSI 6290.

I Place enough pH 7 buffer into the calibration cup to immerse the pH probe, reference
Junction, and thermistor. Allow at least | minute for temperature equilibration before
reading,

2. From the Calibrate menu, scleet ISE1 pH and then choose 2-Point or 3-Paint
depending on the calibration procedure required. For cxample, if the water to be
monitored has a pH of 7.5, then there is no need to calibrate the probe with a pH 4 buffer
—a 2 point calibration will be sulficient,

3. Enter 7.0 when prompied for the first pH value. ALWAYS begin with pH 7. Observe the
pH reading and record the pH mV reading The pH mV should range between =50 to +50.
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When the values show no significant change for approximately 30 seconds, press Enter.
The display will indicate that the calibration has been accepted and will prompt you to
enter a second pH value.

NOTE: While calibrating pH, 1t is recommended that the pH mV readings are recorded.
To ecnable pH mV, select Report from the Main menu. Highlight pH mV and press Enter
to enable this value.

4. After the pH 7 calibration is accepted, press Enter again to continue. Rinse the sensors
DI before rinsing them in the second buffer.

5. Place enough buffer (pH 4 or 10) into the calibration cup to immersc the pH probe,
reference junction, and thermistor. Allow at least 1 minute for temperature equilibration
before reading. Observe the pH reading and record the pH mV reading. The pH mV
should range between 130 to 230 in pH 4 buffer and —130 to =230 in pH 10. Press enter
when the pH reading shows no significant change for approximately 30 scconds. Press
cnter again to return to the Calibrate menu or to proceed to the third pH calibration
buffer.

NOTE: Subtract the pH 7 mV from the pH 4 or 10 mV. This diffcrence must be greater
than 165 mV. While the pH probe may continue to calibrate with less than 165 mV, this
indicates that the pH probe will soon need replacement.

6. 1fa 3-Point calibration is being performed, follow the directions above.

7. Rinsc the sensors and calibration cup in DI water

Dissolved Oxvgen

The following steps will be followed to calibrate the dissolved oxygen (DO) probe on the YSI 6290,

1. Place approximatcly 1/8 inch of water in the bottom of the calibration cup. Engage only 1
thread of the calibration cup onto the sonde to ensure that the DO probe is readily vented
to the atmosphere. Ensure that the DO probe and the thermustor are NOT in contact with
the water. Wait at lcast 10 minutes for the air in the calibration cup to become water
saturated and for the temperature to cquilibrate.

2. Observe the DO charge reading (DO ch) and ensure that the reading ranges betwecn 25
and 75.

3. Observe the temperature and DO readings and when they show no significant change for
approximately 30 seconds, the press Enter. The screen will indicatc that the calibration
has been accepted and prompt you to press Enter again to return to the Calibrate menu.
NOTE: If you are using YSI mode! 600XLM, 6920, 6000, or 6600, you will need to
make surc the auto-sleep functions are disabled. To disable the auto-slecp functions, go to
the Advanced mcnu and select Setup. Choose Auto-sleep RS232 and press Enter to
disabie. Then select Auto-sleep SDI12 and press Enter.

4. Escape out of the Calibrate menu back to the Main menu. Sclect Advanced and then
Cal Constant. Record the DO Gain which should range between -0.7 and 1.5.
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5. Rinse the sensors and calibration cup in DI water

DO Calibration Tips:

* Inspect thc DO probe anodes (silver rectangles), recondition using the 6035
reconditioning kit if they are darkened or gray in color.

*  The KCI solution and membranc should be changed prior to cach long-term deployment
and at least once every 90 days. [n addition, the KCl and membrane should be replaced if
(1) bubbles are visible under the membranc; (2) deposits of dried KCI appcar on the
membrane or o-ring; (3) the readings are unstable; (4) the DO charge reading is out of
range (<25 or >75).

* If nceded install 2 new membrane, making surc that 1t is tightly stretched and wrinkle
frec. CAUTION: If you remove the DO probe from the sonde, be sure to inspect the
probe port for moisture. Remove any moisture trom the connector arca. Also vernify that
the probe is clean and dry and apply a small amount of silicone grease to the o-ring
before re-installing the probe. NOTE: DO membranes will be slightly unstable during the
first 3 10 6 hours after they arc installed. It 1s suggested that a calibration check be made
after this time period.

DO Calibration Check:

I. From the Report menu, enable the DO Charge. Then go 10 the Run menu and start the
sonde in the Diserete Run mode at a 4 second rate and allow the sonde to run {burn-in)
for at lcast [0 minutes. Record the DO Charge (DO ch) after § minutes which should be
251075,

[

After the burn-in is complete, go to the Advanced menu, then Setup and confirm that the
Auto-sleep RS232 and Auto-sleep SDH2 functions arc cnabled. NOTE: Wait at teast 60
sceonds before proceeding to the next step.

3. Start the sonde in the Discrete Run mode at a 4 second rate and record the first 10 DO%
numbcrs in your log book. These numbers must start high and gradually decrease. For
example: 110, 105, 102, 101.5, 101.1, ete. It docs not matter if the numbers do not recach
100%, it 1s only important that they have the same high to low trend. If you have a probe
that starts with a low number and steadily climbs upward, then the sensor has a problem
and the calibration must be rejected. NOTE; The initial power up can corrupt the first 2
DO% samples; disrcgard any low numbers that appear in this position.

4. The probe is now ready 10 be ealibrated.

Oxidation Reduction Potential (ORP)

The following steps will be followed to calibrate the oxidation reduction potential (ORP) probe on the

Y51 6290,
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1. Place enough ORP (gold) calibration solution into the calibration cup to immerse the
ORP probe, reference junction, and thermistor. Allow at least 1| minute for temperature
equilibration before reading.

2. From the Calibrate menu, select ISE2 ORP

3. Enter 240.0 when prompted for it. When the values show no significant change for
approximately 30 scconds, press Enter. The display will indicate that the calibration has
been accepted.

4. Rinse the sensors and calibration cup in DI water

Turbidity

The following steps will be followed for a two point calibration of the turbidity probe on the YSI 6290,

1. Place cnough O NTU solution into the calibration cup to immerse the turbndity probe,
reference junction, and thermistor. Allow at least 1 minute for tempcrature equilibration
before reading.

2. From the Calibrate menu, select Optic T-Turbidity-6026 (or Turbidity 6136) and then
choose 2-Point.

3. Entcr 0.0 at the prompt, and press Enter

4. When the valucs show no significant change for approximatety 30 seconds. press Enter.
The display will indicatc that the calibration has been accepted and will prompt you to
enter a second turbidity value. If needcd activate the wiper 1-2 times by pressing 3-Clean
Optics as shown on the screen, to remove any bubbles.

5. Rinse the sensors and calibration cup in DI water

6. Place enough 100 or 200 NTU solution into the calibration cup to immerse the turbidity
probe, reference junction, and thermistor. Allow at least | minute for temperature
cquilibration before reading.

7. Enter 100.0 or 200 0 depending on the solution you arc using. When the valucs show no
significant change for approximately 30 seconds, press Enter. The display will indicate
that the calibration has been accepted and will prompt you to enter.

Calibratien Check

At the completion of sampling activities, and before leaving the site each night a calibration check of the
YS! will be made including; DO, conductivity, pH, turbidity, and ORP. Calibration will be checked by
placing the probe in the solution for each parameter, allowing at least onc munutc for temperature

cquilibration before reading the value and recording on the YSI calibration sheet (Attachment 5 1a). The
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scnsors and calibration cup should be rinsed with D1 water between cach solution. If a significant
difference (+5%) between the initial calibration and calibration check is observed, the Field Team Leader

should be notified, the change should be noted in the ficld book, and on all purge forms, and ficld

sampling reports used during that period.
Referencees

Water Monitoring Solution, Inc. YSI Calibration Proccdures Profiling and Logging, available onlinc;

http://www.water-monitor.com. July 2004,

YSI Incorporated. Environmental Monitoring Systems, Operations Manual. Available online; July 2004,
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ATTACHMENT 4.1a
YSI CALIBRATION PRIOR TO SAMPLING

DATE _ / I TIME__:__
SONDE ID HANDSET ID
BATTERY VOLTAGE

DISSOLVED OXYGEN

CHANGED DO MEMBRANE? YES NO If yes, when? ___ [/ I
Note: If membrane is changed, wait 6 to 8 hours before completing DO test and final calibration
DO % VALUE BEFORE CALIBRATION %; AFTER CALIBRATION %

DO CHARGE (range 25 to 75) DO GAIN (range -0.7 t01.5)

CONDUCTIVITY
Note: Calibrate first to avoid carry-over from other standards (i.e. pH buffers are highly conductive)

CALIBRATION STANDARD USED pS/icm, TEMP °C

READING BEFORE CALIBRATION uSfcm, AFTER CALIBRATION uSicm
CONDUCTIVITY CELL CONSTANT uS/cm (Range 5.0 + 0.5)

pH

pH 7 VALUES BEFORE CALIBRATION: (pH) AFTER CALIBRATION {pH)
pH 7 MILLI-VOLT READINGS: mV Range -50 to +50 mV

ph 10 VALUES BEFORE CALIBRATION: (pH) AFTER CALIBRATION {pH)
pH 10 MILLI-VOLT READINGS: mV Range -130 to -230 mV

pH 4 VALUES BEFORE CALIBRATION: (pH) AFTER CALIBRATION {pH)
pH 4 MILLI-VOLT READINGS: mV Range 130 to 230 mV

Note: Span between pH 4 and 7, 7 and 10 mV numbers should be ~165-180 mV

REDOX POTENTIAL (ORP}

CALIBRATION STANDARD USED mV, CAL TEMP °C

READING BEFORE CALIBRATION mV, AFTER CALIBRATION my
TURBIDITY

Wiper Parked ~180° from optics? Y N  Note: Change wiper if probe is not parked correctly
TURBIDITY STANDARD {(NTUs)

VALUES BEFORE CALIBRATION: (NTUs) AFTER CALIBRATION {NTUs)
TURBIDITY STANDARD {NTUs)

VALUES BEFORE CALIBRATION: (NTUs) AFTER CALIBRATION {(NTUs)
CALIBRATION SUCCESSFUL? YES NO INITIAL

DESCRIBE ANY PROBLEMS ENCOUNTERED

PREPARED BY/DATE: JP 07/13/04
CHECKED BY/DATE' AC 07/13/04
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ATTACHMENT 4.1a-continued
YSI CALIBRATION CHECK AFTER SAMPLING

DATE __J I TME__:.
SONDE ID HANDSET ID
BATTERY VOLTAGE

NOTE: CALIBRATION IS SUCCESSFUL WHEN THERE IS NO SIGNIFICANT DIFFERENCES (+ 5 %)
BETWEEN INITIAL CALIBRATION AND CALIBRATION CHECK

DISSOLVED OXYGEN
CHANGED DO MEMBRANE? YES NO If yes, when? f lFo
Note: If membrane is changed, wait 6 to 8 hours before completing DO test and final calibration

DO % VALUE BEFORE CALIBRATION %, AFTER CALIBRATION %
DO CHARGE DO GAIN

CALIBRATION SUCCESSFUL? YES NO INITIAL

CONDUCTIVITY

Note :Calibrate first to avoid carry-over from other standards {i.e. pH buffers are highly conductive)
CALIBRATION STANDARD USED ySicm, CAL TEMP °C
VALUE HSfecm

CONDUCTIVITY CELL CONSTANT uSfcm (Range 5.0 + 0.5)
CALIBRATION SUCCESSFUL? YES NO INITIAL

pH

pH 7 VALUE (pH)

pH 7 MILLI-VOLT READINGS: mV Range -50 to +50 mv

ph 10 VALUE {pH)

pH 10 MILLI-VOLT READINGS; mVRange -130 to -230 mv

pH 4 VALUE (pH)

pH 4 MILLI-VOLT READINGS: mV Range 130 to 230 mv

Note: Span between pH 4 and 7, 7 and 10 mV numbers should be ~165-180 mV
CALIBRATION SUCCESSFUL? YES NO INITIAL

REDOX POTENTIAL (ORP)

CALIBRATION STANDARD USED mV, CAL TEMP °C
VALUE my

CALIBRATION SUCCESSFUL? YES NO INITIAL

TURBIDITY

Wiper Parked ~180° from optics? Y N Note: Change wiper if probe is not parked correctly
TURBIDITY STANDARD 1 {NTUs)

VALUE (NTUs)

TURBIDITY STANDARD 2 (NTUs)

VALUE (NTUs)
CALIBRATION SUCCESSFUL? YES NO INITIAL

PREPARED BY/DATE: JP 07/13/04
CHECKED BY/DATE: AC 07/13/04

050006,01 2of2
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ATTACHMENT 4.2

General Field Supply Checklist-Sampling Activities

Stecl Toe Workboots

Full Face Respirator (with appropriate cartridges)
Safcty Glasses

Logbook

Pens

Data Collection Forms

OSHA Certification Card

Tape Measure

Hard Hat

Hammer

First Aid Kit and Emergency Eyewash Station
Overshoes

Sun Screen

Work Gloves

Disposable Gloves

Stamnless Stec! Bladder Pump (with extra bladders and grab plates)
Disposablc Teflon Bailers

Air Compressor and Controller

Water Level Indicator

YSI (or similar meter with flow through cell) with calibration solution
Plastic Sheeting

Teflon Lined Plastic Tubing

Safety Line

DI Water, Mcthanol, and Liquinox for Dccon

050006.01

November 2005
Revision 1
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ATTACHMENT 4.3
JOB No. 6301-04-0002
FIELD SAMPLING JOB NAME_DOMT
DATE TIME |
REPORT SAMPLING POINT:
DEPTH
SAMPLE SAMPLE I.D. NO.: EB-1
INFORMATION
MATERIAL: [JWATER []SOIL [ISLUDGE  [JOTHER (LIST)
TYPE: [JGRAB  [JCOMPOSITE [ OTHER (LIST)
HAZARDOUS [ YES [INO [J UNKNOWN
CONTAINER PRESERVATIVE/
TYPE VOLUME NUMBER | O REPARATION COMMENTS

COMMENTS: (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR; COLOR, ETC))

GENERAL WEATHER AIR TEMPERATURE
INFORMATION

SAMPLES SHIPPED TO:
SPECIAL HANDLING:

MODE OF (J CAR/TRUCK [1BUS (1 PLANE [T COMMERCIAL

SHIPMENT; VEHICLE
QA/QC

SAMPLE COLLECTED BY: SAMPLING OBSERVED BY:

DISCREPANCIES:

050006.01
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RASAP — Defense Depot Memphis Tennessee
Volume | — Field Sampling Plan
MACTEC Project No. 6301-05-0006

ATTACHMENT 4.5

DAILY QUALITY CONTROL REPORT

Report No. Contract No.
Location of Work: Defense Depot, Memphis, Tennessee

Description of Work:

Weather: Rainfall (inches) Avg,

Activities Performed:

Field Team Leader;

Team # 1:

Team # 2;

Team # 3:

Team # 4:

Colleeted samples are listed helow:

Samples Collected:

= 876 115

November 2005
Revision |

Date:

Temp:

Team 1 Team 2 Team 3

Team 4

Personnel On-Site:

Difficulties:

Visitors:

Ficld Team Leader:

050006.01
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ATTACHMENT 4.6

SITE MANAGER — DAILY QUICK REMINDER LIST

Arrival at Site
O Pick up sampling supplies — compare inventory packing list with shipment
L) Call 1ab daily to check status of samples. No sample bottle breakage, COC matches what
is in cooler and samples received at correct temperature.
Instrument Calibration
[] Supervise calibration of instruments and review calibration forms
[0 Call in for barometric pressure, used to calibrate DO for YSI meter
[1 Make sure cach team conducts the mid-day calibration check on the YSI and fills out
daily form
Health and Safety
Make sure cach team has appropriate PPE, first aid kit and fire extinguisher in cach
vehicle, map to nearest hospital, and knowledge of emergency phone nos.
[ Make sure members are aware of any team member with medical emergency issues (L.e.
allergic reactions to bees, etc.) and has necessary equipment to handle the incidence
[] Make sure each team is aware of “Stop work™ PID action levels
Vehicle Load Out
[] Prepare coolers for samplers and assign locations to field tcams. Emphasize QC
locations.
[J Make sure each tcam has field test kit supplics for ferrous iron and carbon dioxide.
[J Distribute sample folders to tcam members cach day
Pur&}ng and Sampling
Remind team members to call in field measurements and verify reasonableness. Review
field measurements for reasonableness (real time) and trouble shoot if required. Sign off
on purge forms at cnd of day.
[] Make team member aware of IDW disposal/storage procedures.  Methanol must be
containcrized scparately from wash water and rinse water.
J Oversce sample packing and shipping procedures. Verify that metals and sulfide pH has
been checked and adjusted if necessary. Make sure coolers with VOCs have a trip blank.
Verify that each cooler has a COC, RFAs, temperature blank, double bagged ice, trip
blank (if required), and custody seals. Complete shipping checklist.
[] Remind teams to leave no equipment or valuables in vehicles parked at the hotel (due to
reccnt theft)

End of Day Activities
[0 Check field books, FSRs, and Purge forms for completencss daily
[] Remind teams to leave no equipment or valuables in vehicles parked at the hotel (due to
recent theft)
L1 Remind teams to charge equipment overnight
[ Fax daily reports and purge forms to Paul Brafford/John Quinn daily — COCs to Judy
Hartness
[0 Check schedule daily and update as needed

050006.01
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End of Shift Activities

Call in work hours on Friday by 10:00AM EST for field tcam.
Conduct supply mventory

Pack and return all rental supplics to vendors

Make surc all cquipment has been decontaminated and wrapped in aluminum foil and
stored neatly

Make surc IDW has been sampled and labeled properly

O OO0 OO

Site Managcr: Datc:

050006.01
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WORK AND TEST PROCEDURE 5
HYDRAULIC CONDUCTIVITY TESTING

1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for conducting various
hydraulic conductivity tests at DDMT. Hydraulic conductivity tests provide information concerning the

transmission characteristic of an aquifer.

2.0 DISCUSSION

This WTP spccifies details and procedures for conducting hydraulic conductivity tests. The
project-specific work plan will be referred to in order to determine the requirements for a specific project.
Although there are several types of hydraulic conductivity tests that can be performed, this WTP
addresses only In-Situ Hydraulic Conductivity Testing (Slug Testing). The in-situ hydraulic conductivity
test (slug test) is used to cstimate the ratc of groundwater flow at a single well point. 1f an aquifer pump
test 1s considercd necessary for measurement of hydrogeologic characteristics, a separate work plan will
be provided. Hydraulic conductivity testing will be performed and interpreted by a qualified

geologist/engineer,

3.0 PROCEDURES
31 ASSOCIATED PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel
2 Drilling Operations
3 Well Installation, Development, and Abandonment
12 Personnel Protective Equipment Decontamination
13 Health and Safety Monitoring

050006.01 WTP-5-1
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3.2 PREPARATION
3.2.1 Office

Prior to leaving the office for ficld work, the field team leader is responsible for activities listed in WTP |

as well as the following actions:

e Ordering appropriate supplics and equipment for delivery prior to the start of
activities. A generalized list of equipment and supplics is provided as
Attachment 5.1,

322 Field

After arrival on site, but prior to commencement of operations, the following procedurcs will be

cmployed:

»  Check that required cquipment has arrived on site, and is functioning properly.
33 FIELD OPERATIONS
331 In-Situ Hydraulic Conductivity Testing

Hydraulic conductivity tests wilt be performed on selected monitoring wells. The test will begin with

watcer level at static conditions using a “slug™; no Muid will be put into the well.

The 1ests to be performed ure termed “slug in” and “slug owt” tests. The “slug in” test involves inscrting a
slug (solid PVC rod) into the water column in the well to raise the water level. The water level recovery
to the static level is recorded over time using an clectronic pressure transducer and hydrologie recorder,
Readings will be taken continuously at a I-second interval for the first minute, every 30-seconds for the
next five minutes, and every minute there afterward until the static level is reached. The slug is removed
for the "slug out” test and recovery of the water level to the original static Ievel is recorded over time.
Where the screened interval is not fully saturated, only a slug-out test will be performed. This is duc o

the cffect of the unsaturated filter pack in a slug-in test, which biases the test results.

050006.01 WTP-3-2
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The data results of the hydraulic conductivity test are then calculated. The Bouwer and Rice formula

{Bouwer, 1989) can be utilized to calculate hydraulic conductivity (K) in open or screened wells that are

fully or partially penetrating:

K = rzcln(Re/rw) *

(L/y *In{y,/Y)
2L

e

Wherc: r. = well radius

effective radial distance over which the head difference is dissipated
radial distance between the well center and the undisturbed aquifer
height of saturated screen

water level Y at time zero

water level Y at time t

t = timesince Y,

PP e
o umnmn

The Bouwer and Rice method was originally developed for unconfined aquifers, but 1t can be used under
confined conditions if the top of the well screen is some distance below the bottom of the confining layer.

In cases where wells do not fully penetrate an aquifer, the Hvorsiev Method (Hsvorslev, 1951) shoutd be

rl ln(%}
K=——~~+

used to calculate hydraulic conductivity:

2LT,
Where: K = hydraulic conductivity
r = radius of the well casing
R = radius of the well screen
L = length of the well screen
To = umg it takes for water level to risc or fall to 37% of the initial change

Once the data is collected it will be inputted to analytical software and the paramcters discussed above
calculated. The test results will be reviewed by a qualified geologist/engineer for completeness and

accuracy. Test results which are considered anomatous will be identitied and reported as such.

050006.01 WTP-5-3
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34 POST-OPERATION
3.4.1 Field
Before leaving the site, the following procedures will be performed by on-site personnel:

» Deccontaminate all ficld cquipment that has come in contact with groundwater
o Complcte logbook, making notations as to sitc conditions, anomalous readings, cte.
e Ensuwre that cquipment and assoctated supplies are shipped back to the office,

3.4.2  Office

e Upon rcturn to the office, ficld personnel will perform the following:
*  Submit logbook and any original forms to Project/Task Manager for review.
» [nventory equipment and supplics shipped back to the office.

4.0 REFERENCES

Bouwcer and Rice, 1989, The Bouwer and Rice Slug in Test - An Update. Groundwater, Volume 27,
No. 3.

Hlvorslev, ML) 1951, Time Lag and Soil Permeability in Groundwater Obscrvations. U.S. Army Corps of

Engincers Waterway Experimentation Station, Bulletin 36.

USACE, 2001, Engincering and Design Requirements for the Preparation of Sampling and Analysis

Plans, Department of the Army, Washington D.C. February 1, 2001.

USEPA, 1992, RCRA Groundwater Monitoring:  Drait Technical Guidance. EPA 530-R-93-001.

United States Environmental Protection Agency. November 1992.

USEPA, 1986. RCRA Gtroundwater Monttoring Technical Enforcement Guidance Document.

OSWER-9950-1. United States Envirommental Protection Agency. Scptember 1986,

5.0 ATTACHMENTS

Attachment 5.1 General Ficld Supply Checklist-Hydraulic Conductivity Testing

050006.01 WTP-5-4
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ATTACHMENT 5.1

General Field Supply Checklist-Hydraulic Conductivity Testing

Steel Toe Workboots

Full Face Respirator (with appropriate cartridges)
Safety Glasses

Logbook

Pens

Data Collection Forms

OSHA Certification Card

Tapc Mcasure

Hard Hat

Hammer

First Aid Kit and Emergency Eyewash Station
Overshoes

Sun Screen

Work Gloves

Disposable Gloves

Hydrologic Datalogger

Electronic Pressure Transducer

Water Level Indicator

Slug (solid PVC rod, or similar device)
Plastic Sheeting

Safety Line

DI Water, Mcthanol, and Liquinox for Decon

030006 01
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WORK AND TEST PROCEDURE 6
INVESTIGATION DERIVED WASTE SAMPLING AND DISPOSAL

1.0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for collection of samples of

investigation derived waste (IDW) to be analyzed for usc in the proper disposal of IDW material.

2.0 DISCUSSION

This WTP specifics details and procedurcs for collecting IDW samples. The project-specific workplan
will be referred to in order to determine the exact requirements. The sampling objectives will be to allow

for efficient and proper disposal of the IDW.

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be considered in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel
7 Sample Control and Documentation
8 Samplc Containers and Preservation
9 Sample Packing and Shipment
] Sample Equipment Decontamination
12 Personnel Protcetive Equipment Decontamination
I3 Health and Safety Monitoring

3.2 PREPARATION

3.2.1 Office

Prior to leaving the office for ficld work, the ficld tcam leader is responsible for activities listed in

WTP 1, as well as the following actuons:

* Dectermine appropriate sampling methods and ensure that sufficient supplics are
shipped to the site;

050006.01 WTP-06-1
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e Ensure that sufficient preprinted sample and container storage labels are shipped to
the site;

o Review the existing data to determine the probable identity of various compounds
that may be present in the waste.

3.2.2  Field

After arrival on site, but prior to commencement of operations, the following procedures will be

employed:

e Check that required sampling equipment has arrived on site in operating order;

e Check that monitoring equipment is functioning properly, calibrated as needed and
that respective manuals are present.

33 FIELD OPERATIONS

Four catcgories of IDW are anticipated to be generated during the RA field activitics:

* Soil cuttings from borings drilled for monitoring well installation

e Development and purge water from monitoring well development and groundwater
sampling activities

e Dccontamination fluids resulting from clecaning of heavy cquipment and from
decontamination of sampling equipment

e  Miscellaneous waste, consisting of disposable supply containers and used personal
protective equipment (PPE) (1.¢c., Tyvek coveralls, boot covers, gloves and respirator
cartridges)

Disposal options for the DDMT IDW are based primarily on contaminant concentrations of the waste
Non-hazardous wastes may be disposed of at the investigation site or off-sitc at a RCRA Subtitle D
facility. Hazardous wastes tnust be containerized and disposed off-site in accordance with RCRA Subtitle
C requircments. Attachment 6.1 illustrates the factors that will be considered in dectding how the IDW

will be managed.

IDW will be containcrized at cach site in 55-gallon drums or alternative storage containers which meet
the requirements of 40 Code of Federal Regulation (CFR) Subpart | — Use and Management of

Containcrs, including:

050006.01 WTP-6-2
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e Keeping the container in good condition
¢ Using containcrs made of matcerial that is compatible with the waste
¢ Keceping the container closed during storage

A label will be placed on cach drum identifying the site where the waste was generated, the matrix of the
waste in the drum, and the date that accumulation of the waste began. Drum labels will be kept simple and
casy to rcad. Attachment 6.2 provides an example of a typical label. Further, drums containing hazardous
waste will be labeled in accordance with applicable DOT regulations, including 49 CFR Parts 172, 173,
178 and 179,

At DDMT, purge water from purging wells prior to sampling, developing wells, and cquipment
decontamination will be transported from the well in drill rig support trucks or scaled 5-gallon buckets to
a Baker tank at Dunn Ficld or 55-gallon drums in the decontamination arca. At the completion of
activitics, the wastc water will sampled from the midpoint of the Baker tank or the drums using
disposable Teflon bailers. If the concentrations are below those listed 1n the City of Memphis Industrial
Wastewater Discharge Requitements under Permit No. S-NN3-097, the water is pumped dircctly from the
tank into the City of Memphis Scwer system via the Dunn Ficld treatment system. Waste methanol

generated during decontamination procedures will be stored separately and treated as a hazardous waste.

Soil from borings and material from well abandonment will be placed into 20-cubic-yard roll-off boxes.
Material in the boxes will be sampled at approximately four locations in cach box using a pre-cleaned
stainless steel spoon or hand auger.  The material to be analyzed for TCLP VOCs for final disposal
purposes will be deposited directly into the appropriate labeled laboratory supplied containers. If TCLP
analyses other than VOCs are required, the material collected from the different locations in the box will
be composited into one sample in a pre-cteancd stainless steel bowl. It will then be placed in the
appropriate labeled laboratory supplicd containers and analyzed for the additional analyses as needed.
Upon receipt of the results of the laboratory analyses, the material will be disposed of in accordance with
the analytical results. If the results are less than the TCLP regulatory levels, the soil will be disposed of as
non-hazardous Investigation Derived Waste at a landiill approved to accept CERCLA off-sitc waste. If
the results execed TCLP regulatory levels, the material will be disposed of in accordance with hazardous

wasle requirements.

(150006.01 WTP-6-3
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34 POST-OPERATION
34.1 Field

Before leaving the site, the following procedures will be perfofmed by on-site personnel:

e Decontaminate or dispose of sampling equipment;
e Complete logbook, making notations as to site conditions, anomalous readings, etc.;

e Ensurc that drums or containers containing investigative-derived waste are properly
labeled with the date and drum contents.

34.2  Office
Upon return to the office, field personnel will perform the following:

¢ Submit logbook and any original forms to Task/Project Manager for review;
» lnventory all equipment and supplics shipped back to the office;
e Make provisions for proper disposal of investigative derived waste.

4.0 REFERENCES

ASTM, 1984. Annual Book of ASTM Standards, American Society of Testing and Matenals, 1986.

CH2M Hill, 2004. Main Installation Pre-Final Remedial Design. Preparcd for the U.S. Army Engineering
and Support Center, Huntsville. February 2004.

USACE, 2001. Engineering and Design Requirements for Preparation of Sampling and Analysis Plans,
Department of the Army, Washington D.C. February 1, 2001

USEPA, 2001. Environmental Investigations Standard Operating Procedurcs and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001.

5.0 ATTACHMENTS

Attachment 6.1 - IDW Decision Tree
Attachment 6.1 - Example Drum Label

050006.01 WTP-6-4
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Revision 1

Attachment 6.2

INVESTIGATION DERIVED WASTE LABEL

Drilling and Sampling Waste

These materials may be hazardous or special waste, pending laboratory
analysis, and /or other evaluation.

The contents should not be disposed or removed without consent of the
generator listed below.

CONTENTS: ____ Drill Cuttings
____ Purgeand/or Development Water
____ Other
Date Placed
in Container: Drum No.
Source 1.D.

(Boring #, Well #, etc.)

Generator Name:

Contact:

Phone:

050006.01
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WORK AND TEST PROCEDURE 7
SAMPLE CONTROL AND DOCUMENTATION

1.0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for sample control and

identification, data recording, and the proper completion of Chain-of-Custody (C-C) forms.

2.0 DISCUSSION

This WTP specifies details and procedures for sample control and documentation. The project-specific
work plan will be referred to in order to determine exact requirements for the sampling activities. Sample
control und documentation are required to support the legal defensibility of data generated from sampling
activities. Required documents include the sampling logbooks, sample labels and scals, analytical reports,

C-C forms, and daily ficld sumpling reports.

Relevant information will be recorded in the project logbook. This information will include weather

conditions, sample description, and whether any unusual odors were noticed upon sample cotlection.

3.0 PROCEDURES
KN ASSOCIATED PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP:

NUMBER NAME
! General Instructions for Field Personnel
4 Groundwater Sampling
8 Sample Containers and Preservation
9 Sample Packing and Shipping
10 Sample Equipment Decontamination

050006.01 WTP 7-1
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3.2 PREPARATION
3.2.1 Office

Prior to leaving the office for ficld work, the field team leader is responsible for activitics listed in

WTP 1, as wcll as the following actions:

e Work in conjunction with the project chemist to create a sampling plan detail
e Create a sample tracking sheet (Attachment 7.1)

o Coordinating with the analytical laboratory to ensure that proper documentation
including chain of custody forms and custody seals are shipped to the site.

3.2.2 Field

After arrival on site, but prior to commencement of operations, the following procedures will be

employed:

» Check that required supplies are on-site;

e Record relevant data in the logbook (including ambient air temperatures, weather
conditions, sample appearance, odor, etc.).

33 FIELD OPERATIONS
3.3.1 Sample Location and Identification

This section details sample nomenclature procedures to be used in general field investigations.

3.3.1.1 Sample ldentification

Individual samples will be identified by a unique alphanumeric code (also referred to as a sampie 1D
number or field number) which will be written on the sample label and recorded on the C-C form.
Additional information to be written on the label includes location 1D, time and date of sample, sampler’s

inttials, and the analytical methods to be performed (Attachment 7.2).

During sampling cvents during the ficld effort, nomenclature will be used to distinguish between

categorics of sampling cvents, sample locations, and, where appropriate, depth of sample collection.

050006 01 WTP 7-2
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The cxtenders will consist of a two-digit matrix code (sample type, if other than ground water),
alphanumcric depth codes (if neeessary), and quality QA/QC codes where applicable. Field split samples

will be labeled the same as the parent sample, with a QA extender added to the end of the name.

B Trip Blank

FB Ficld Blank

EB Equipment Blank

MS  Matrix spike

MSD  Matrix spike dupheate

MW Monitoring well (groundwater)
SW  Surface water

SB Soil boring (0-2°, 2-4°, 4 -6, ctc.)
58 Surtace Soil (0-6™)

The identity of the trip bla.nks, ficld blanks, and equipment blanks will consist of the prefix TB, FB, or
EB, respectively, followed by the date without punctuation. When two or more trip, ficld, or equipment
blanks arc collected in a day, the date will be followed by a sequential number. QA/QC split sample trip
blanks and cquipment blanks will be identified by adding the suffix “QA” 1o the end of the sample 1D, 1f
groundwater samples are collected from PDBs, cach sample number must reflect the top and bottom

depth of the diftusion bag in the well.

The identity of fictd duplicate samples will be concealed from the laboratory by using a consceutively
numbered generic name indicating the arca from which the duplicate was collected. For example, the first
duplicate sample collected from target treatment area 1 will be named TTAIDUP-1. The true identity of
duplicates/replicates will be recorded on the sampling plan detail (SPD) and ficld notebook. The SPDs
will be maintained in the project file and copics will be kept at the on-site ficld office. Copies of these
forms will be provided to the QA Coordinator and the data validation team as needed for their reviews.

An cxample SPD is presented in Attachment 7.3.

3.3.2  Completing the Log Book

The logbook is a written record of sampling activities that 1s completed in the ficld during sampling. The
purpose of the log book is to record and document ficld conditions or procedural exceptions that may aid

in the analysis of data generated from sampling activitics.

[nformation pertaining to environmental conditions at the site during the ficld investigation will be noted

in the ficld log book each day. Information will be recorded in indelible ink in a log book with

050006.01 WTP 7-3
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sequentially numbered pages. The recorder will sign and date each page. The following information will

be recorded for each activity:

Location

Dhate and time

ldentity of people performing the activity
Weather conditions

oo =

For field measurements, the following informatton will be recorded:

1. The numerical value and units of each measurement
2. The identity of and calibration results for each field measurement

For field sampling activitics, the following information will be recorded:

Sample type and sampling method

The 1dentity of each sample and the depth(s) from which it was collected

The amount of cach sample

Samplc description (e.g., color, odor, clarity)

Identification of sampling devices uscd

Identification of sampling conditions that might affect the representativencss of a
sample (1.c., refueling operations, damaged casings)

D —

These criteria will be recorded in the ficld sampling book and used to assess sampling procedures 1n
relation to the sample data. Information that 1s contained clsewhere (such as in the Field Sampling Report

or the Purge Log) should be repeated in the logbook.

3.3.3 Daily Quality Control Reports (DQCRs)

Each day the Field Tcam Leader will prepare a DQCR (Attachment 7.7). The DQCR will include weather
information at the time of sampling, ID of samples collected, data from field instruments and calibrations,
and will reflect any problems that occurred in the ficld. In addition, the DQCR documents personncl and
visitors at the site during field activitics. Modifications to field procedures will be requested by a Field

Adjustinent Form (Attachment 7.8).

334 Photographs

Photographs taken for the purpose of project documentation must be recorded in the field logbook. When

movies, slides, or photographs arc taken of a sitc location, they are numbered to correspond to logbook

050006.01 WwTP 7-4
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entrics. The name of the photographer, date, time, site location, site description, sequential number of the
photograph and the roll number, orientation of photograph and weather conditions are entered in the
logbook as the photographs are taken. A series entry may be used for rapid-sequence photographs. The
photographer is not requircd to record the aperture scttings and shutter speeds for photographs taken
within the nortnal automatic exposurc range. However, special lenses, films, filters, and other image
enhancement techniques will be avoided, since they can adversely affect the admissibility of evidence,
Adcguate logbook notations and rcceipts will be used to account for routine file processing. Once
processed, the slides or photographic prints will be scrially numbered and labeled according to the
logbook descriptions. For instant photographs , the required information will be entered on the back of

cach photograph as soon as it is taken.

3.3.5 Completing Sample Labels/Tags

Sample labels will be filled out for cach sample with an indelible pen. Where necessary, the label will be
protected from water and solvents with ¢lear label protection tape. Any change in the pre-prepared label

information will be initialed by the sampler. Each label will contain the following information:

s Name ot initials of collector
Date, place, and time of collection
s lob nume and number
»  Samplc number and/or bering number and depth
e Preservative (if required)
e Analysis requested

3.3.6  Collecting Samples

Proper sampling procedures are vital to the data acquisition process. Once collected, it is also important to
maintain the integrity of the samples, Detailed sampling and decontamination protocols arc described in
WTP 4 - Groundwater Sampling, WTP 7 - Waste Sampling, and WTP 11 - Sampling Equipment
Decontamination. A summary of the planned sampic containers, sample volunes, preservation and
maximum allowable holding times from the time of collection 1o analysis are presented in WTP 9 -

Samplc Containers and Preservation.

3.3.7  Sample Custody

Sample custody ts a part of a qualny ficld or laboratory operation. Custody of a sample is defined as;

050006.01 WTDP 7-5
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Having physical possession

Being in view, after being in possession

Having possession, then being placed in a secure area

Being maintained in a secure arca by the person who had possession last

B =

These custody practices will be observed in the field and during the laboratory operations. They will be

performed according to the procedures described in the following subsections.

3.3.7.1 C-C Record

C-C records will be provided in each sample cooler. The custody record will be fully completed, n
triplicate, by the ficld technician designated by the Field Team Leader as responsible for sample shipment
to the laboratory. The information specified on the C-C record will contain the same level of detail found
in the site log book, with the exception that on-sitc measurement data will not be recorded. The custody

record will include, among other things, the following information:

s Name of person collecting the samples

» Date samples were collected

e Type of sampling conducted (composite/grab)

s Location of sampling station (including the site location)
s Number and type of containers used

e Signature of the MACTEC person relinquishing samples to a non-MACTEC person
(such as a Federal Express agent), with the date and time of transfer noted, and the

cooler designation.

e Aurbill Number

In addition, if samples arc known to require rapid turnaround in the laboratory because of project time
constraints or analytical concerns such as cxtraction time or sample retention period limitations, the
person completing the C-C record (Attachment 7.4} should note these constraints in the remarks section
of the custody rccord and the Request for Analysis Form (Attachment 7.5). The same C-C form will be

adapted for each subcontract laboratory unless a form is provided by the subcontract laboratory.
If 1t is not practicable to seal thc sample shippers at a Federal Express office, they will be scaled

beforchand. The duplicate custody rccord will, therefore, have the signature of the rclinquishing ficld

tcchnician and a statement of intent (for example, to Federal Express P.M. June 30, 2001}.
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The duplicate custody record will then be placed in a plastic bag, taped to the underside of the cooler lid,
and the cooler closed. The container will be tightly bound with filament tape. Finally, seals (sce section
3.3.6.2 below) will be signed by the individual relinquishing custody and affixed in such a way that the

cooler cannot be opened without breaking the seals.

The original and duplicate custody records and the airway bilt or dclivery note together constitute a
complcte record, and it is the responsibility of the Project Manager to ensure that all records are consistent

and that they arc made part of the permancnt job file.

At the laboratory, the Sample Control Coordinator will open the package, retricve the original record, and
compicte the “Reccived at Laboratory by box™ by affixing histher signature,  The Sample Control

Coordinator will rccord the condition of samples reccived on the Cooler Reeeipt Form (Attachment 7.6).

Custody Scals: Custody scals will be preprinted, adhesive-backed scals designed to break if disturbed.
sample shipping containers (coolers, cardboard boxes, cte., as appropriate) will be scaled in as many
places as neeessary to ensure sceurity, Scals will be signed and dated before usc. Upon rcceipt by the
fuboratory, the custodian will check and certify, by completing logbook entrics, that the seals on boxes

and bottles are intact,

Sample Handling: The sample custodian will reeeive the samples for the laboratory. Hefshe will perform

the following actions upon sample receipt:

* Document whether the individual samples, boxcs, or ice chests were scaled upon
receipt and document any damaged condition of custody scals in the appropriate
section of the cooler receipt form (Attachment 7 6).

¢ Checek cooler temperature and record on the cooler reccipt form,

¢ Sign C-C records, and identify the date and time of sample receipt.

o Cheek the pH of all samples except VOC samples.  Notify project chemist of
discrepancics.

¢ Log samples into the Receipt Logbook and computer file,

¢ Placc sample numbers (from Receipt Logbook) on sample containers and secure the
samples in appropriate refrigeration unit.

« Complete the cooler receipt form,

(130006 01 WTP 7-7
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e The laboratories will submit sample receipt confirmation electronically daily to
MACTEC to check for discrepancies.

Sample Log-In: Incoming samples will be accompanied by a MACTEC Request for Analysis Form
(Attachment 7.5). In the event that this form does not accompany the incoming samples, it wiil be
completed by the Sample Custodian who logs in the samples, or faxed by MACTEC upon immediate
notification of the MACTEC Project Chemist. The custodians will enter the laboratory and test setup
information into the computer. The laboratory custodian will have the Request for Analysis Form checked
and initialed by a supervisor, and will issue copies to the applicable labs, normally on the day samplcs are

received.

The Internal C-C for the Laboratory: Once a sample 1s within the custody of the laboratory, the transfer

of the sample, its aliquot or extract will be documented in the internal C-C record. Every time a sample is
transferred from one person to another, whether it is for distribution, storage, sample preparation, analysis
or disposal, it will be relinquished by the person who has custody to the person who will then take new
custody of the sample. Datc and time of the exchange will be recorded. The sample will be shown and
this person is tasked with cnsuring secure and appropriatc handling of the sample. There will be no lapscs
in sample accountability. The internal C-C form will be fully signed by cach person who had contact

with the samplc.

34 POST-OPERATION
3.4.1 Field

Before leaving the sitc daily, the following procedures will be performed by on-site personnel:

e Check that sampling bottles assigned to the specific sampling location have been
filled with the prescribed amount of sample and that sample labels contain required
and relcevant information (date, time, sampler's identification).

e Maintain custody of samples, maintaining them as specified for the analyses to be
performed.

e Prcpare samples for shipment to the laboratory.

e Complcte the C-C forms.

050006.01 WTP 7-8
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» Contact the laboratory to inform them that samples will be shipped and also remind
them of any unusual analytical requirements for the samples to be analyzed (i.c.,
holding times for hexavalent chromium).

* Verify completion of logbook, ensuring that required information has been recorded.

Upon completion of the ficld cffort, ensure that associated supplics have been shipped back to the office,

rental company, or laboratory as needed.

34.2  Office
Upon return to the office, ficld personnel witl perform the following:

*  Submit logbook and any original forms to Project Manager for review.
* Inventory cquipment and supplics shipped back to the office.

» Contact the laboratory to verify that samples were received in good condition and
that requested analyses arc understood.

4.0 REFERENCES

CH2M Hill, 2004. Long-Term Groundwater Monitorng Plan. Prepared for the U.S. Army Engineering
and Support Center, Huntsville. July 2002,

EIM, 1991a.  Installation Restoration Program  Information Management Systems Data Loading

Handbook. EIM, Brooks Air Force Base, Texas.

EIM, 1991b.  Installation Restoration Program Information Management Systems Contractor Data

Loading Tool Users Munual. EIM, Brooks Air Force Base, Texas.

USACE, 2001. Engincering and Design Requirements for the Preparation of Sampling and Analysis

Plans, Department of the Army, Washington D.C. February 1, 2001,

USEPA, 2001, Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001.
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5.0 ATTACHMENTS

Attachment 7.1 — Sample Tracking Sheet
Attachment 7.2 - Example Sample Label
Attachment 7.3 — Sampling Plan Detail
Attachment 7.4 —C-C Form

Attachment 7.5 - Request for Analysis Form
Attachment 7.6 - Cooler Receipt Form
Attachment 7.7 — Daily Quality Control Report
Attachment 7.8 — Ficld Adjustment Ferm
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ATTACHMENT 7.2
EXAMPLE LABEL

SamplelD#:

Matrix:

Analysis:

Container:

Preservative:

Project#:

Location:

Date: Time:

Initials:
MACTEC, Inc.
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ATTACHMENT 7.3

SAMPLING PLAN DETAIL

November 2005

Revision |

Parameter VOUCs Anions
(Mitrate & Sulfate)
Method SW8260B E 300.0
Container 40 mL VOA vial 250 mL Plastic
Preservative HCl 1o pH<2. No Preservative
Cool to 4°C Coot 1o 4°C
Sample 1D Comment Date Time STL CEMRD STL CEMRD
PX-1D Decp Well 3 0
PX-2 3 0
PX-4 3 4]
PX-6 3 0
PX-8 3 0
PX-9* 3 i
PX-10* 3 1
PX-11* 3 1
PX-12* 3 1
PX-14* 3 1
PX-15% Collect Dup/Splut 3 !
pX-16* 3 1
PX-17* 3 |
PX-18*% Collect MS/MSD 9 3
PX-19* Colleet Dup/Spht 3 |
PX-20 3 0
PX-21 3 0
PX-24% 3 1
PX-25% 3 1
pX-26* 3 1
PX-35% 3 1
PXDupl* Dup ot PX-19 3 1
PXDup2* Dup of PX-15 3 1
PX-190QA% Spli ol 'X-19 3 !
PX-15QA* Sphi el PX-15 3 1
TOTAL 75 6 18 2
PXEQB-1 ok 3 1
TOTAL 3 l
™R-_ Tup Blank {a) 2
TB- Tuip Blank (a) 2
- Trip Blank (a) 2
- Trip Blank (a) 2
™-_ Trp Blank (a) 2
m- QA Trip Blank (a) 2
TB- QA Tup Blank (a) 2
™ QA Trp Blank (a) 2
TOTAL. 10 6

* Wells to be additionally sampled tor mitrate, sulfate, methane,

and alkahnity

** The |aboratory does not perform MS/MSD on Methane
- Do not collect extra vials for MS/MSD

=+ Equipment blanks will not be collected on dedicated equipment
However. if for any reason the dedicated equipment cannot be uscd.
an equipment blank will be collected for cach analytical method

() Actual number of 1rp blanks based on number ¢f shuttles to be shipped
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Attachment 7.5
Mactec

3200 Town Point Dr, Suite 100
Kennesaw, GA 30144

REQUEST FOR ANALYSIS
Project Manager Tom Holmes Matrix; Groundwater
Project Chemist: Jessica Vickers Sample ID. MW-47
Project: DDMT
Container No. Preservation Parameter Method Prep
40 mL VOA wiseptum 3 HCL to pH<2 VOCs SW8260B sSws030B
Coolto4 C
500 mbL Plastic 1 No Preservative Anions/Sulfate/Bromide/Alk E310 1/E300.0
Cooltod C
40 mL VOA wiseptum 2 HCL to pH<2 Total Crganic Carbon SWa060
Coolto4 C
40 mL VOA wiseptum 2 HNO3 to pH <2/Cool o 4C  Dissolved Orgamic Carbon E4151
Field Filter
500 mL Plastic 1 ZnAc & NaOH to pH>8& Suifide E376 1
Coolto4C
1L Poly 1 HNO3 to pH <2 Total Metals {As, Mn, Se} Swe010B
Cooltc4 C
40 mL VOA w/septum 2 HCL to pH<2 Methane.’EthanelﬁEthene RSK 175
Coolto4 C
40 mL Amber VOA wiseptum 3 No Preservative Metabolic Fatty Acids
Coolto 4 C
Comments.
Prepared By* Checked By:

050006 01
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ATTACHMENT 7.6
COOLER RECEIPT FORM Contractor Cooler,
LIMS# QA Lab Cooler #
Number of Coolers,
PROJECT:

Date received:

USE BOTTOM OF PAGE 2 OF THIS FORM TQ NOTE DETAILS CONCERNING CHECK-IN

PROBLEMS.
A. PRELIMINARY EXAMINATION PHASE: Date cooler was opened:
by {print) {sign}
1. Did cooler come with a shipping slip (girbill,etc)? ........................ YES NO
If YES, enter carrier name & air bill number here:
2. Were custody seals on outside of cooler? .. .. ... ... ... ... ... ... ... .. YES NO
How many & where seaj date: seal name:,
3 Were custody seals unbroken and intact at the date and time of arrival? . ... ... .. YES NO
4. Did you sereen samples for radioactivity using the Geiger counter? ., ..., ...... YES NO
5. Were custody papers in a plastic bag & taped inside to the 1id? .. .. _.......... YES NO
6. Were custody papers filled out properly (ink, signed, etc.)? ... .............. YES NO
7. Did you sign custody papers in the appropriate place? ... .................. YES NO
LB Was the project identifinble from custody papers? If YES, enter project name
atthetopofthisform ... . YES NO
9, Were temperature blanksused? ... L. YES NO
Cooler Temperature (°C) Thermometer 1D No.
", Have designated person initial here to acknowledge receipt of
cooler; (date)
B. LOG-IN PHASE: Date samples were logged in:
by (print} (sign)
11, Describe type of packing in cooler: '
12. Were al! botles sealed in separate plastic bags? ...... e YES NO
13. Did all bottles arrive unbroken with labels in good condition? ................ YES NO
14, Were all bottle labels complete (ID, date, time, signaturc, preservative, etc.)? ... YES NO
15.  Did ali bottle labels agree with custody papers? ....................cvun... YES NO
16. Were correct containers used for the tests indicated? ....................... YES NO
17. Were samples preserved to correct pH, if applicable? ......... ............. YES NO
18. Was a sufficient amount of sample sent for tests indicated? .................. YES NO
19, Were bubbles absent in volatile organic analysis (VOA) samples? i NO, list
VOAsamplesbelow ... . . o . L YES NO
20, Was the project manager cailed and status discussed? If YES, give details
onthebottomofthisform ................. .. . ... ... ... ... YES NO

20. Who was called? By whom?

PREPARED BY/DATE. JALL 10/11/02
CHECKED BY/DATE: WPB 11/08/02
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ATTACHMENT 7.7
DAILY QUALITY CONTROL REPORT
Report No. Contract No, Date:

Location of Work: Defense Depot, Memphis, Tennessee

Description of Work:

Weather: Rainfall {inches) Avg, Temp:

Activities Performed:

Field Team Leader:

Team # 1:

Team # 2:

Team # 3:

Team # 4:

Collected samples are listed below:

Samples Collected:

Team 1 Team 2 Team 3 Team 4

Personne! On-Site:

Difficulties:

Visitors:

Ficld Team Leader:

050006 01
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ATTACHMENT 7.8

ZMACTEC

FIELD ADJUSTMENT FORM

Datc:

Project: Defense Depot Memphis Tennessee

Project Number:

Field Effort:

Description of field adjustment and rationale:

Prepared by/Title:

I'have rcad the above description and rationale and concur with the adjustment

requested:

Signature Date

050006.01 PREPARED BY/DATE: JAH 10/11/02
CHECKED BY/DATE: WPB 11/08/02
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WORK AND TEST PROCEDURE 8
SAMPLE CONTAINERS AND PRESERVATION

1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for the selection of sample
containers, required cleaning for the specificd containers, required sample volumes for various analyses,

preservation requirements, and required holding times.

2.0 DISCUSSION

This WTP specifies details and procedures for selection and preparation of sample containers and for
preservation of the samples once they have been collected. The project-specific work plan will be used to

determine the exact sampling requircments.

The selection of suitable containers will prevent contamination of sample from container materials.
Adcquate preservation of the samples by prescribed methods will ensure that no biclogical or chemically
mediated changes in sample integrity/concentration occurred while the sample was in transit. Both the
selection of suitable containers and the proper preservation will support the legal defensibility of data

generated as a component of investigative activities. Container type and preservation mcthods arce

analytical mcthod-specific.

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be considered for review in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Persennel
4 Groundwater Sampling
7 Sample Control and Documentation
9 Sample Packing and Shipping
10 Sample Equipment Decontamination

0500006.01 WTP-8-1
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3.2 PREPARATION

3.2.1 Office

Prior to lcaving the office for ficld work, the field team leader is responsible for activities listed in

WTP 1, as well as the following actions:

*  Work with the project chemist to generate a sampling plan detail listing the wells and
constituents to be sampled

» Coordinate with the analytical laboratory to ensurc that the sample containers, and
preservatives are shipped to the site and arrive prior to the start of sampling cvent

3.2.2  Field

After arrival on site, but prior to commencement of operations, the following procedures will be

cmployed:

e Check that sufficient sample containers, preservatives and coolers are present on site
for storage and shipment.

33 FIELD OPERATIONS
3.3.1  Sample Container Sclection/Preparation

The sample container to be selected is matrix and method specific. Sample containers are specified and
sclected to ensure that little, if any chemicals are transferred from the sample containers to the sample
itself, thereby skewing the results. The sample containers will be pre-cleancd and provided to MACTEC
by the laboratory. Cleaning procedures wilt be performed according to USEPA guidelines. A summary of

recommended sample containers is provided by method in Attachment 8.1,

3.3.2  Sample Preservation

Samples arc generally collected into containers containing preservative in the field prior to shipping to the
laboratory to minimize any chemical or physical changes to the sample contents during shipment. Sample
preservation and temperature will be checked immediately upon receipt of samples at the laboratory. The
results of these checks will be recorded on the cooler receipt form. A summary of recommended

preservation techniques by matrix by method 1s summarized i Attachment 8.1.

050006.01 WTP-§-2
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It should be noted that the USEPA (1992) do not recommend filtration of samples. However, where
required by the scope of work, samples for dissolved metals will be coltected and filtered with an in-line

0.45 micron filter at each well location, then preserved with appropriate preservatives.

3.3.3 Holding Times

Project samples will be preserved and analyzed within the time intervals specified for cach method and
matrix listed in Attachment 8.1. For samples analyzed by gas chromatography, first column analysis and
second column confirmations will be completed within the maximum holding times specified in

Attachment 8.1,

With regard to holding timc requirements and definitions presented in Attachment 8.1, extraction is
defined as completion of the sample preparation process as described in the applicable method. Analysis
completion is defined as completion of analytical runs, including dilutions, second column confirmations,

and any required reanalyzes.

34 POST OPERATION
341 Field
Before leaving the site daily, the following procedures will be performed by on-site personnel:

e Check that sampling bottles assigned to the specific sampling location have been
filled with the prescribed amount of sample, contain the proper type and amount of
preservative and that all sample labels contain relevant information (date, time,
sampler’s identification, and whether the sample has been preserved).

s Maintain custody of samples, maintaiming them as specified for the analyses to be
performed.

e  Prepare samples for shipment to the laboratory.
e Complete the C-C forms and other relevant information.

e Contact the laboratory to verify that samples are reccived in good condition and that
request for analyscs arc understood.

Upon completion of the field cffort ensurc that associated supplies have becn properly stored, disposed of

or shupped back to the office as appropriate.

050006 01 WTP-8-3
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342 Office
Upon return to the office, field personnel will perform the following:

*  Submit logbook and any original forms to Task/Project Manager for review.
¢ Inventory equipment and supplics shipped back to the office.

» Contact the laboratory to verify that samples were reccived in good condition and
that requested analyses are understood.

4.0 REFERENCES

USACE, 2001. Engincering and Design Requirements for the Preparation of Sampling and Analysis
Plans, Department of the Army, Washington D.C. February 1, 200t .

USEPA, 2001.  Environmental Investigations Standard Operating Procedures and Quality Assurance
Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001,
5.0 ATTACHMENTS

Attachment 8.1 - Requirements {or Containers, Preservation Techniques, and Holding Tumes for
Groundwater Samples

Attachment 8.2 - Requirements for Containers, Preservation Techniques, and Holding Times for Soil
Samples

050006.01 WTP-8-4
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WORK AND TEST PROCEDURE 9
SAMPLE PACKING AND SHIPPING

1.0 PURPOSE

The purpose of this WTP is to provide guidance for packing and shipping environmental samples to the
laboratory for analysis. A Sample Handling, Packing and Shipping Instructions Checklist is included as

Attachment 9.1.

2.0 DISCUSSION

This WTP specifies details and procedures for packing and shipment of samples to the laboratory for
analysis. The project-specific work plan will be used to identify the exact shipping requirements for a

specific project.

The goals for sample packing and shipping arc that: 1) the integrity of the sample is maintained, and 2) no
personncl cxposure to the sample container contents occurs during transit. These goals should be met

regardless of the method by which the samples were shipped.

Samples will usually be shipped as cither environmental samples or as hazardous materials based on the
expected contaminant concentrations. While the concentration of constituents n the sample is not
generally known prior to shipment of the sample, nferences can be madc based on the site location and
knowledge of past activities, observations during collection, and past sample results. Hazardous materials
are generally considered to be samples of highly contaminated media collected at or near an observed
release and can consist of pure product or a mixturc. Environmental samples arc gencrally media with

low-lecvel contamination.

Relevant regulations include Department of Transportation (DOT) regulations for ground transportation
(49 CFR) and the International Air Transport Association (IATA) regulations for air transportation.
Common carriers (c.g., Federal Express, UPS, DHL, etc.) must abide by these regulations. This WTP
provides specific guidance on how to package and ship samples to achieve the stated objectives and
remain in compliance with shipping regulations. If field personncl are unsure regarding shipping
regulations, they will immediately contact the carrier of choice (e.g., Federal Express, UPS, DHL, ctc.)

for shipping guidance.

050006.01 WTP-9-1
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3.0 PROCEDURES
3. ASSOCIATED PROCEDURES

The following WTPs will be reviewed in conjunction with this licld effort:

NUMBER NAME
1 General Instructions for Field Personnel
4 Groundwater Sampling
6 Investigation Derived Waste Disposal
7 Sample Control and Documentation
8 Sample Containers and Preservation
10 Sample Equipment Decontamination
11 Soil Sampting

3.2 PREPARATION
3.2.1 Office

Prior to leaving the office for ficld work, the ficld team leader is responsible for activitics listed in

WTP 1, as well as the following actions:

*  Work with the project chemist to ensure that a sulTicient amount of sample
containers, sumple transportation contamers, and sample packing material have been
shipped to the site based on the total number of samples and average number of
samples to be collected per day.

* Develop guidelines on the number/type of samples per shipper based on type of
samples being collected and analytical results from past sampling cvents at the
site(i.c. VOCs in one cooler to limit the number of trip blanks needed, samples from
high concentration wells packed in scparate cooler 1o prevent cross contamination}

322 Field

Afier arrival on site, but prior to commencement of operations, the following procedures will be

cmployed:

s Check that required sample containers, sample transport contawners, and packing
material are on-sile,

050006.01 WTP-9-2
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3.3 FIELD OPERATIONS

On specific projects, protocols for sample shipment will be specified in the work plan. This WTP

provides gencral guidelines for sample shipment.

e The samples will be shipped to the laboratory by an overnight courier serviee,

¢ Samples will not remain on site for more than 24 hours after collection, unless
samples were collected on a weekend. These samples will be stored on ice at 4°C
until the first possible courier shipment.

o Glass sample contamners will be placed mside sealed plastic bubble wrap bags or
wrapped in bubble wrap and placed in sealable plastic bags as a precaution against
cross-contamination due to leakage or breakage.

s All sample bottles will be placed in coolers supplied by the laboratory in such a
manner as to climinate the chance of breakage and/or leakage during shipment.

« Sufficient ice in plastic bags (double-bagged) will be placed in the coolers to keep
the samples at 4°C throughout shipment.

e Special arrangements will be made with the taboratory's point-of-contact for samples
that are to be delivered to a laboratory on a Saturday so that hold times and/or sample
prescrvations are not compromised,

In order to demonstrate that the samples and coolers have not been tampered with during shipment,
custody scals will be used. Custody seals are adhesive labels that are placed across the cooler lids in such
a manner that they will be visibly disturbed upon opening of the sample container or cooler. The seals
will be initialed and dated upon placement. Upon receipt at the laboratory, the sample custodian will note
the condition of custody seals and will also check the sample temperature, recording these items on the

laboratory cooler receipt form.

In no instance will a highly contaminated sample (such as waste or purc product) be shipped in the same
container as a low level contaminated sample (such as environmental soil and groundwater samples).

This procedure 1s to minimize the possibility of cross-contamination.

3.4 POST-OPERATION
3.4.1 Field

Beforc leaving the site daily, the following procedures will be performed by on-site personnel:

050006 01 WTP-9-3
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e Ensurc that the sample transport containers are properly packed and are in
compliance with DOT and ATA rcgulations.

* Confirm reccipt of samples at laboratory.

* Fill out sample tracking form noting sample shipment
342 Office
Upon return to the office, field personnel will perform the following:

*  Submit Jogbook and any original forms to Project Manager for review.
e Inventory all equipment and supplics shipped back to the office.

4.0 REFERENCES

Code of Federal Regulations, Part 49, Scctions 100-199.

USACE, 2001. Engincering and Design Requirements for the Prepuration of Samphing and Analysis

Plans, Department of the Army, Washington D.C. February 1, 2001.

USEPA, 2001. Environmental Investigations Standard Operating  Procedures and Quality Assurance

Munual, Environmental Compliance Branch, Athens, Georgia, November, 2001,

5.0 ATTACHMENTS

Attachment 9.1 — Sampling Handling, Packing & Shipping Instructions Checklist

056006.01 WTP-9-4
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ATTACHMENT 9.1

SAMPLE HANDLING, PACKING & SHIPPING INSTRUCTIONS
CHECKLIST

When packing samples for shipment to the laboratory, review this list to cnsure that all project samples,
documents, and materials arc included in the sample shipper.

PROJECT SAMPLES

D All sarples, duplicates, MS/MSDs, equipment blanks, ambient blanks, and trip blanks should be
included in the cooler that are listed on the COC.

] Verify that the proper number of bottles with appropriate prescrvative(s) were collected for each
samplc

[] Verify that samples were checked for pH (except volatile samples)

DOCUMENTS

[0 Chain-ef-Custody (COC) generated for each cooler

[] Review the COC for completeness, including appropriate signature(s) and date(s), and include the
courier tracking/shipping number on the COC

[] Request for Analysis (RFA) form for cvery sample included in the cooler

[] The COC and RFAs should be placed in a Ziploc bag and taped to the underside of the cooler lid

[] Custody seals should be placed on the front and back of each cooler

PACKING MATERIALS
[] Verify thatice is “doublc-bagged” and is sufficient to maintain a temperature of 4C
] Glass bottles should be placed ina bubble bag to prevent breakage and leakage
(] Place highly contanunated samples (if known) together
[] Place a trip blank in each cooler that contains samples for VOC analyses at beginning of day
[} To minimize the number of trip blanks, place all VOC samples in the same cooler
] Each cooler contain a temperature blank
[] Allsample coolers insurcd by shipper ($1000.00)
Comments:
Checklist Completed By: Date:

Note: This Checklist should be included 1n the project file with the field documents.

050006 01
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WORK AND TEST PROCEDURE 10
FIELD EQUIPMENT DECONTAMINATION

L0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for the proper
decontamination of ficld cquipment. This WTP also provides guidance for collection of equipment

rinsates that will measure the quality of the decontamination procedure.

2.0 DISCUSSION

This WTP specifics details and procedures for decontamination of ficld cquipment that may become
contaminated as a result of ficld sampling activitics. The decontamination of sampling cquipment wall
help prevent cross-contamination of samples collected at one location with residual contamination from
samples collected at another location; will help prevent exposure of individuals to residual contamination
present on the equipment; and will help prevent the spread of contamination via sampling ¢quipment.
Proper decontamination procedures will also support the legal defensibility of data gencrated as a

component of investigative activities.

Decontamination procedures will be cvaluated by the collection of cquipment rinsates. These samples
consist of reagent water coliceted from final rinse of sampling cquipment after the decontamination
procedure has been performed.  The samples are analyzed with the environmental sample to assess the

adequacy of the decontamination performed.

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be reviewed in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel
2 Drilling
3 Well Installation, Development, and Abandonment
4 Groundwater Sampling
5 Hydraulic Conductivity Testing

050006.01 WTP-10-1
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NUMBER NAME
6 Investigative Derived Waste Disposal
7 Sample Control and Documentation
8 Sample Containers and Preservation
9 Sample Packing and Shipping

[—
—

So1l Sampling

3.2 PREPARATION
3.2.1 Office

Prior to leaving the office for field work, the field team leader is responsible for activities listed in

WTP 1, as well as the following actions:

¢ Ensure that sufficient quantities of decontamination supplies and materials have been
shipped to the site based on expected number of samples and days at site.

3.2.2  Field

After arrival on site, but prior to commencement of operations, the following procedures will be

employed:

e Verify that decontamination supplies and equipment have arrived on site.
e Set up decontamination area(s).

33 FIELD OPERATIONS
3.3.1 Decontamination Area

The location of the decontamination arca, used primarily for larger picces of equipment, will be
determined in consultation with DRC personnel. The decontamination pad will consist of a sump lined
with 6-mul polyethylene sheeting. The sump will be constructed by cither excavating a small area to
create a depression to collect the decontaminated water or by elevating the edges of the sheeting to create

a pool-like structure to collect the decontaminated water.

3.3.2 Decontamination Water Source

Tap water from the municipal water treatment system will be used as a rinse 1n the decontamination

procedure. The Field Team Leader will be responsible for coordmnating with DRC personnel to securc an
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adcquate supply of tap water for decontamination procedures. One sample of each water source used will
be analyzed for the full range of parameters as the field samples to be collected. If water supply is a

portable water tank, a sample must be collected from cach tank uscd.

333 Decontamination Procedures

The required decontamination procedure for large picees of equipment such as drill rigs, auger flights,

and drilling and well casing, is:

1. Wash the external surface of equipment or materials with high pressure hot water and
Alconox or cquivalent, and scrub with brushes if nccessary until all visible dirt,
grime, grease, oil, loose paint, rust flakes, etc., have been rinsed from the cquipment
into a collection structure.

2. Airdry.

3. Decontamination solutions will be stored 1n tanks or drums and maintained at the site
untit analyses have been completed.

The required decontamination procedure for sampling equipment except the water level indicator probe
is:

. Wash and scrub with Alconox or cquivalent detergent.

2. Double tap water rinse.

3. Rinse with American Socicty for Testing and Materials (ASTM) Type Il Reagent -
Grade Water

4. A pesticide grade methanol spray rinse (all solvents must be pesticide grade or betier)
in a stainless steel bowl. The methanol waste will be containerized scparate from
purge watcr and disposed of as a hazardous waste.

5. Rinsc with ASTM Type 1l Reagent - grade water.

6. Wrap in oil free aluminum foil for transport.
The decontamination procedure for the water level indicator and the oil/water interface probe is:

I Hand wash the calibrated tape and probe with a solution of Alconox (or cquivalent).
2, Rinsc with deionized (Reagent Grade [1) walcr.
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3.3.4 Equipment Rinsate Collection

When field cleaning equipment is required during a sampling investigation, a piece of the field-cleaned
equipment is selected for collection of a equipment rinsate. At least one equipment rinsate will be
collected for each sampling protocol (i.e. soil sampling, pumps used for groundwater sampling) during
each week of sampling operations. Equipment rinsates will be conducted in a manner which allows proper

representation of field decontamination procedures.

Sampling Equipment: Equipment rinsates will be obtained from decontaminated bladder purnps, bailers,

HydroPunch sampler, stainless steel split-spoons, hand augers, sludge samplers, Ponar dredges, stainless

steel bowls, and beakers with ASTM Type 1I water or better.

The equipment rinsate protocol will be as follows:

a. Label Sample Container - Label the sample container as outlined in WTP 7

b. Collect Sample - Equipment rinsates will be collected on all equipment types used to collect
samples. The collection procedure is described below:

After sample collection equipment has been decontaminated as described above, an
equipment rinsate will be collected. ASTM Type 1 water {or better) will be pourcd over and
through sampling equipment (i.e., split-spoon, bailer, stainless steel beaker) into a clcaned
stainless steel bowl (preferably the equipment and bowl to be used on a specifically
identifiable sample tocation). Water collected will then be poured into the appropriate
sample container. Rcpeat the process as necessary to fill each container to the required
volume. Vials for volatile analysis and bottles for total organic carbon (TOC) analysis will
be completely filled, leaving no air space above the liquid portion (to minimize
volatilization). Check that the Teflon on the Teflon- lined silicone septum is toward the
sample m the caps and secure the cap tightly. If scmi-volatile compounds are to be sampled
for, collect these samples next. Proceed to the collection of samples for the remaining
analyses. Be carcful of all pre-preserved bottles. 1f acids arc present, open the bottle
downwind and away from the body.

¢. Custody. Handling and Shipping - Complete the procedures as outlined in WTPs 8 - Sample
Control and Documentation and 10 - Sample Packing and Shipping.

3.4 POST OPERATION
34.1 Field

Before leaving the site, the following procedures will be performed by on-site personnel:
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* Decontaminate all equipment.
*  Properly store decontamination derived waste (i.e., decontamination water).

* Ensure that sampling equipment and associated decontamination supplies have been
shipped back to the office.

3.4.2  Office
Upon return to the office, ficld personnel will perform the following:

*  Submit logbook and any original forms to Task/Project Managet for revicw.
* Inventory equipment and supplics shipped back to the office

* Arrange for proper disposal of the decontamination derived waste after determination
of its contenis,

4.0 REFERENCES

USEPA, 2001. Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001.

USACE, 2001, Engincering and Design Requurements for the Preparation of Sampling and Analysis

Plans, Department of the Army, Washington D.C. February 1, 2001.

5.0 ATTACHMENTS

None
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WORK AND TEST PROCEDURE 11
SOIL SAMPLING

1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for collection of soil samples

for analytical analysis.

2.9 DISCUSSION

This WTP specifies details and procedures for collecting soil samples for chemical analysis at DDMT.
Soil samples will be collected from surface soils, soil borings, soil piles, and from the sidewalls and floor
of excavations. Samples may be collected using split-spoons, Shelby tubes, hand augers, Encore or
Terracore Samplers, or stainless steel spoons. Sampling will be conducted at locations and depths
specified 1n the project specific work plan. The soil samples will be analyzed to identify chemical

constituents and their concentrations.

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be reviewed in conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel
2 Drilling Operations
7 Sample Control and Documentation
8 Sample Containers and Preservation
9 Sample Packing and Shipping
10 Sampling Equipment Decontamination
12 Personnel Protective Equipment Decontamination
13 Health and Safcty Monitoring
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3.2 PREPARATION

3.2.1  Office

Prior to leaving the office for ficld work, the ficld tcam leader is responsible for activities listed in WTP

I. A genceral list of supplics nceded for sol sampling is given as Attachment 11.1.

322 Field

Aficr arrival on site, but prior 10 commencement of operations, the following procedures will be

employed:

* Ensurc that required sampling equipment has arrived on site.

*  Lnsurc that sufficient drums or other containers are on site to containerize any cxcess
samplc material collected.

33 FIELD OPERATIONS

Sail excavation and sampling procedures will be supervised by a qualified geologist or engmeer. The
sample locations will be specified in the project specific work plan. Soil sampling and Quality

Assurance/Quality Control procedures will be supcrviscd by the scrior/project chemst.

3.3.1  Soil Sampling

Soils will generally be described in accordance with the 1990 ASTM D-2488-90, Standard Practice for
Description and  Idemtification of Soils (Visual-Manual Procedure). Descriptive information 1o be

recorded in the ficld will include:

* ldentification of the predominant particle size and range of particle sizes
e Percent of gravel, sand, fincs, ot all three

¢  Deseription of grading and sorting of coarse particles

*  Particle ungularity and shape

*  Maximum particle size or dimension

‘The plasticity of fines description will include:

*  Color using Munsell Color System
*  Moisture (dry, wet, or moist)

050006.01 WTP-11-2
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o Consistency of fine grained soils
» Structure of consolidated materials
e Cementation (weak, moderate, or strong)

The Unified Soil Classification System (USCS) group symbols will be used for identification. Additional
information to be recorded includes depth to the water table, caving or sloughing of the borehole,
changes in drilling rate, depths of laboratory sample collection, prescnce of organic materials, presence of
fractures or voids in consolidated materials, and other noteworthy observations or conditions, such as the

locations of geologic boundaries.

During advancement of the so1l borings, the following sampling deviccs may be used:

e Chemical Sample Collection: 2 or 3-inch diameter carbon steel split-barrel sampler
lined with California brass rings (CBRs)

e Geotechnical Sample (disturbed) Collection: 2-inch diameter carbon steel split-barrel
sampler

Geotechnical Sample (undisturbed) Collection: 3-inch diameter “Shelby Tube” or thin-walled tube

sampler

3.3.1.1 Sample Collection during Sonic Drilling

During drilling of boreholes with a sonic rig, soi} samples will be collected continuously as 10-foot
sections of soil cores. These cores arc deposited from the drill casing into 10-foot polyethylene liners, and
the liners laid out for visual logging, and to obtain samples for headspace readings and laboratory

analysis.

At five-foot intervals within the soil cores, the headspace will be screened with an FID or PID. The
headspace samples will be brought (if necessary) to a temperature of between 20°C (68°F) and 32°C
(90°F), and the rcading will be obtained 5 minutes thereafter. The soil sample will be split into two jars
and readings will be made with the P1ID/FID (unfiltered) on one jar. If the reading 1s greater than 10 parts
per million (ppm), a reading will be made on the second jar with an activated charcoal filter on the FID. A
total corrected hydrocarbon measurement of the sample will be calculated by subtracting the filtered

reading from the unfiltcred reading.
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The headspace samples will be collected and analyzed using the following procedurc:

I From the sampling location within the soil core, remove the top | to 2 inches of soil
using a decontaminated stainless steel spoon,

2. Fill Y2 of two decontaminated 16-ounce containers with soil from the resulting hole
using the stainless steel spoon.

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

4. Allow the sample vapors to cquilibrate in the jars (approximately 5 minutes).
5. Punch a holc in the alutminum foil with the tip of a calibrated PID/FID.

6. Record the highest reading.

7. If the reading 1s > 10 ppm, repeat Steps 5 and 6 with the activated charcoal filter on
the cahbrated FID for the sceond jar.

Scleeted soil samples may be collected for laboratory unalysis bascd upon the results of the
headspace screening, At these sclected locations, samples for VOC analysis will be collected

using an Encore or Terracore sampler, or aceeptable equivalent,

The procedure for collection of VOC samples using an Encore 7™ Sampler are as follows:

. Remove sampler and cap from package and attach T-handle to the S-gram sampler
body.

2. Quickly push the sampler into a freshly exposed surface of soil until the sampler is
full,

3. Carefully wipe the exterior of the sampler head with a clean disposable paper towel
so that the cap can be tightly attached.

4. Push cap on with a twisting motion to attach and scal the sampler.

5. Attach the label onto the sampler body, place the sampler into a plastic Ziploc™ bag
and place into a cooler with icc.

6. Repeat steps 1 through 5 for the remaining 5-gram and 25-gram sampler.
7. Colleet a bulk soil sample for screening and moisture determination in a 2 or
4-ounce wide mouth glass jar. Fill the jur completely allowing no hcadspace. Place

the sample in a cooler containing ice.

8. Thoroughly mix remaining soil and place into specified tabeled contamers for
remaining parameters,

9. Place sample bottles into Ziploc or bubble bag and m an iced cooler,
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10. When soil sampling is completed at that location or when time permits, transfer
samples to site office for final packaging. Complete C-C documentation and shipping
procedures in accordance with WTPs-7 and -9.

11. Record field conditions, any problems encountered during sampling and sample
appearance in the field fogbook and the Field Sampling Report Form and Daily
Quality Control Report Form.

The procedure for collection of VOC samples using a Tetracorc Sampler are as follows:

1. Label appropnate laboratory containers

2. Quickly push the sampler (Terracore or equivalent} into a freshly exposed surface of
soil to collect 5 grams (+ 0.5g) of sample. Also collect a bulk aliquot container for
moisture content analysis in the laboratory supplied 4 ounce container.

3. Carefully wipe the exterior of the sampler head with a clean disposable paper towel.

4. Empty sampler into appropriate laboratory container. The cored samples must be
extruded from the selected coring tool to a VOA vial in accordance with collection
and preservation methods deseribed in EPA method 5035A. The extruded core is
wansferred into a laboratory pre-weighed (tared) VOA vial with septum cap.
Unpreserved VOA vials must be anatyzed within 48 hours of collection, VOA vials
preserved with sodium bisulfate or methanol must be analyzed within 14 days of
collection.

5. Place the sample into a plastic Ziploc™ bag and place into a cooler with ice.

6. Complete C-C documentation and shipping procedures in accordance with WTPs 7
and 9.

Additionally, for borings where a monitoring well will be installed, a sample for total organic
carbon (TOC) analysis may be collected from the interval to be screcned. The TOC samples will
be collected from the soil core using a pre-cleancd stainless steel spoon and placed in the

appropriatc laboratory supphed container.

All measurements will be recorded on the logging form at the corresponding depths. The samples will be
handled in such a way as to minimize the loss of volatile compounds. Soil cuttings will be cxamined for
their hazardous characteristics. If suspect samples are encountered, they will be noted on the boring log
form for reference during investigation derived waste (IDW) sampling. Soil samples for laboratory

analysis will also be collected from the boring for each new monitoring well.
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3.3.1.2 Hand Auger/ Spade and Scoop Soil Sample Collection

Surface soil samples collected using a hand auger or spade and scoop will be collected from the floor or
sidewalls of the test pits, surface soils from 0 to 6 inches and subsurface soil samples at pre-specificd

intervals from soil borings.

A boring will be advaneed by using a trowel, hand-augering, or using a power-driven hand held auger to

the predetermined sample depths at cach site. The sample collection procedures are described below,

I Prior to sampling, don the appropriatc PPE and sct up safety zones as required.

2. Dccontaminate sampling equipment in accordance with the procedurcs specified in
WTP 10 and the project-specific work plan prior to the start of sampling. When not
in use, place tools on clean polypropylenc sheeting

3. Label sample bottles as described in WTP-7.

4. Excavate using a shovel or garden trowel as necessary to remove gravel, sod or
vegetation overlying the soil stratum to expose the sample location. A pry-bar may be
required to excavate paving matcrials present at a site.

5. For surfuce soils, advance the hand auger to 6 inches and retrieve from boring
location.

4. Place soil in a stainless steel bowl and immediately sample for volatile organic
analysis as described in the following procedure:

6. Follow the procedure outlined in 3.3.2.1, Encore 1™ Sampler
3.3.1.3 Soil Sampling Using a Split-Spoon and Shelby Tube Samplers

Subsurface soil samples may be collected using a drill rig and split-spoon and Shelby Tube samplers.
Sumpling will be completed using drill rig or dircet push r1ig capable of driving the samplers. The drive
shoc on the rig will be properly equipped with a basket-retainer/ring assembly, and the drive weight
assembly will consist of a 140-pound weight, a driving head, and a guide permutting a fiee fall of

30-inches.
Procedures for soil sampling using the split-spoon sampler are deseribed below. A standard penetration

test, following the guidance of American Socicty of Testing Methods D1586, will be performed every

time a split-spoon sample is taken.
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1. A 3-inch or 2-inch split-spoon sampler will be used for borings in which chemical
samples will be collected. The split-spocn sampler will be driven at sequential depth
intervals and samples will be collected at each interval. At each target depth interval,
the split-spoon sampler will be brought to the surface and opened. After the soil is
brought to the surface it will immediately put into plastic bags and checked for
organic vapors by monitoring with an instrument equipped with a PID/FID. The
PID/FID reading will be recorded on the hazardous and toxic wastc (HTW) log. The
Site Geologist will describe the materials encountered at cach depth interval on the
HTW drilling log.

2. The soil samples for chemical laboratory analysis, including samples for
compositing, will be collected from the split-spoon before any other samples are
collected (i e., geotechnical analyses). If VOC analysis is required the following
EnCore ™ Sampler Procedures are to be performed:

a. Follow the procedure outlined in 3.3 1, Encore ™ Sampler.

b. Collect samples for VOC analysis as soon as possible after splitting the spoon,
taking care to causc as little disturbance to the sample as possible. If split
samples arc to be collected, use a decontaminated stainless steel spoon to splhit the
tube contents in half longitudinally.

3. Collect a bulk soil sample for screening and moisture detcrmination into a 2 or
4-ounce wide mouth glass jar. Fill the jar completely allowing no headspacc. Place
the sample 1n a cooler containing icc.

4. Thoroughly mix rcmaining soil and place into specificd labeled containers for
remaining parametcrs,

5. Place samples for geotechnical analysis into a clear 8-ounce jar. Label the sample
containers as specified in the WTP-7. The jars containing the geotechnical samples
will be labeled as to the collection date, location, site name, and blow counts.

6. When soil sampling 1s completed at that location, place the samples on ice and
transfer samples to the site office for final packaging. Complete C-C documentation
and shipping in accordance with WTPs-7 and -9.

Record field conditions, any probiems encountered during sampling and sample appearance in the field

logbook and the Field Sampling Report Form.

3.3.2 Soil Excavation

Excavation or test pits are typically advanced with a smail backhoc and provide opportunity for visual
inspection and to obtain bulk samples if required. Excavation activitics will be conducted under the direct

supervision of a qualified geologist, or engineer. Excavation equipment will at a minimum be capable of
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cxcavating a horizontal surface 8 feet below ground surface. The backhoe should utilize a straight-edge

bucket.

Test pits will be excavated to the depth specified n the work plan. If underground utilities arc cxpected,
the cxact location(s) of the utilitics will be determined prior to beginning cxcavation operations.
Underground installations will be protected, supported, or removed while the excavation is open. A

barricr or tape should be placed around the pit arca to warn personnel of its presence.

Equipment will be placed at least 2 feet from the edge of an cxcavations, and excavations will be sloped
at an angle not stecper than one and one-half horizontal to onc vertical [29 CFR Ch., XVII (7-1-92
Edition)]. A ladder, ramp, or other safc means of cgress will be located in excavations that are 4 feet or
more in depth. I1f the test pit is to be dug adjacent 1o a building or other structure, support systems such as
shoring, bracing, or underpinning will be provided by the subcontractor, Soil will be removed in lifts,
Hand excavation may be necessary to identify buried objects near the surface (upproximmely upper four

feet). Test pits will not extend below the water table.

The approximate extent of excavation will be specificd n the work plan. If on-site MACTEC personngl
are satisficd that the contents of the anomalous arca have been identified, the test pit may be closed prior
to reaching the cxcavation limits sct in the work plan. Excavation will not continue beyond the limits

estimated in the work plan without approval from the Project/Task Mana rcr.
p pp !

Air quality tests will be performed before a worker enters an excavation more than 4 feet deep when the
potential for a hazardous atmosphere exists. Tests will be conducted as often as necessary to cnsure the

quality and quantity of the atmosphere. This includes checks for flammable gascs and oxygen deficiency.
34 POST-OPERATION

341 Field

Belore leaving the site daily, the following procedures will be performed by on-site personncl:

¢ Deccontaminate all cquipment.

*  Complete logbook, making notations as to sitc conditions, anomalous rcadings, ctc.
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e Ensure that the site has been cleaned to its pre-sampling state (i.e., ensure that all
trash generated as a result of sampling activities is disposed of).

e Ensure that all containers containing any investigative-derived waste are properly
sealed and labeled with the date and drum contents. Drums will be sealed.

3.4.2  Office
Upon return to the office, field personnel will perform the following:

¢  Submit logbook and any original forms to Task/Project Manager for review.
e Inventory all equipment and supplies shipped back to the office.
e Make provisions for proper disposal of investigative derived waste.

4.0 REFERENCES

ASTM, 1986 Annual Book of ASTM Standards, American Socicty of Testing and Matcrials, 1986.

ASTM, 1998. “Draft Standard Guide for Sampling Waste and Soils for Volatile Organic Compounds”,
D4547, Annual Book of ASTM Standards, American Society of Testing and Matcrials, February,
1998.

MDNR, 1994. Guidance Document Verification of Soil Remediation. Environmental Response, Waste

Management Division. Michigan Department of Natural Resources. July, 1994

USACE, 2001. Engincering and Design Requirements for the Preparation of Sampling and Analysis
Plans, Department of the Anny, Washington D.C. February i, 2001

USEPA, 2001. Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, November, 2001.

USEPA, 1996. “Closed System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste
Samples” Mecthod 5033, Test Methods for Evaluating Solid Wastes, EPA SWg46, 3rd ed.,
Volume 11, Update 111, December, 1996
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5.0 ATTACHMENTS

Attachment 11.1 - General Ficld Supply Checklist-Soil Sampling Activities
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ATTACHMENT 11.1

General Field Supply Checklist-Soil Sampling Activities

Stecl Toe Workboots

Full Face Respirator (with appropriate cartridges)
Safety Glasses

Logbook

Pens

Data Collection Forms

OSHA Certification Card

Tape Mcasure

Hard Hat

Hammer

First Aid Kit and Emergency Eyewash Station
Overshoes

Sun Screen

Work Gloves

Dispasable Gloves

Three-inch or five-inch diameter stainless steel bucket hand auger (with cxtendible handles)
Hand-held power driven auger; to advance boring in deeper or difficult boreholes
Pry bars/digging bars

Shovel

Garden trowel (stainless steel) and stainless steel spoon

Stainless steel bowl(s)

Aluminum foil

Polypropylene sheeting

Decontamination supplies

Sample collection bottles appropriate for the analyses to be performed

EnCorc™ samplers, 5-gram and 25-gram core sizes

2-inch outer diameter (OD), 2-foot long carbon steel split-barrel sampler

3-inch or 2-nch OD, 2-foot long carbon steel split-barrcl sampler
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WORK AND TEST PROCEDURE 12
PERSONNEL PROTECTIVE EQUIPMENT DECONTAMINATION

1.0 PURPOSE

The purposc of this Work and Test Procedure (WTP) is to provide guidance for the decontamination of
personal protective equipment. Proper decontamination of personal proteclive cquipment minimizes the

spread of contamination as well as minimizes the possibility of worker cxposure 1o contaminants.

2.0 DISCUSSION

The project-specific Health and Safety Plan should be used to determine the exact requircments of
personal protective equipment for a specific project. The purposc of decontamination is to remove or
neutralize contaminants that have accumulated on personnel and cquipment.  Decontamination protects
workers from hazardous substances that may contaminate and eventually permeate protective clothing
and other equipment wsed on site. 1t also minimizes the transfer of contaminants to clean arcas and
protects the community by preventing uncontrolled transportation of contaminants off-site. All personnel
will complete appropriate decontamination prior to leaving the site 1 a manner that 1s responsive to actual
site conditions. A personnel decontamination arca will be sct up at an appropriate location speciticd by
the SHSO. The decontamination process will consist of a series of procedures performed in a specilic

scquence. Each procedure is performed at a separate station in order to prevent ctoss-contamination,

3.0 PROCEDURES
3.1 ASSOCIATED PROCEDURES

The following WTPs should be reviewed in conjunction with this ficld cffort:

NUMBER NAME
} Gieneral Instructions for Ficld Personnel
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3.2 PREPARATION
3.2.1 Office

Prior to leaving the office for field work, the field team lcader is responsible for activities listed in WTP 1

as well as the following actions:

¢  Ensure that sufficient decontamination supplics (including detergent, sufficient water,
towels, decontamination solutions, etc.) are shipped to the site.

3.2.2  Field

After arrival on site, but prior to commencement of operations, the following procedures should be
employed:

e Verify that all required equipment and supplies for decontamination have arrived on
site.

e Identify the location of and set up the decontamination area,
33 FIELD OPERATIONS
3.3.1 Decontamination Facilitics

A detergent solution will be adequate to remove the chemical constituents identified at DDMT. Wash tubs
containing dilute detergent decontamination solution and soft-bristle brushes will be used to clean
reusable personal protective clothing and boots. Following the detergent wash, equipment will be rinsed
at least once using clean, potable water. Decontamination solutions and rinse waters will be drummed and

disposed of in a manner consistent with the handling of hazardous wastes.

Trash receptacles will provided for all disposable items. The receptacles will be conventional trash cans

lined with heavy duty polyethylenc trash bags.

Personal hygiene primarily entails washing and is not strictly considered decontamination.  Each
individual should conduct proper personal hygienc, which includes washing of hands, face and any
exposed skin for 3 to 5 minutes prior to eating, drinking, smoking and leaving the site. It is recommended

that cach person shower at the end of each work day. Routine showering facilities will not be provided in
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the Support Zone. OSHA (29 CFR 1910.120) requires that shower facilities be provided only when

remediation exceeding six months in duration 15 performed on site.

3.3.2  Decontamination Equipment and Supplies

Supplics that will be available for personnel decontamination procedures include:

Tubs for washing and rinsing cquipment

*  Detergent (i.c., Alconox)

¢ Scrub brushes (soft bristle)

* Potable water source

*  Drying rack for cquipment drying

*  Aluminum foil for wrapping clean equipment

*  Respirator wipes and bags for clean respirator storage
s Paper towels

o Trash receptacles and polyethylene bags

¢  Hand soap

*  Reeeptacle(s) for storage of decontamination liquid wastes pending disposal
*  Drop cloths (polyethylene sheeting)

333 Decontamination Procedures
3.3.3.1 Level D Proteetion

A minimum decontamination for Level D site work consists of cleaning and removal of boots and gloves,
changing into street shoes before leaving the site, and washing hands and face. Because there ts hmited
aceess to hand/face washing stations at DDMT, antibacterial wipes should be available to all personncl

and all personnel are required to wash hands and face when a wash source becomes available.

3.3.3.2 Level C-Protection

The decontamination layout depicted in Attachment 13.1 will be adjusted to accommodate actual site

condutions. Decontamination procedures for Level C include the following:

First Drop Siwe
I Ficld equipment is placed at the first drop site for later decontamination.

2. Boot covers and gloves are washed with detergent solution and rinsed in clean,
potable water,

050006.01 WTP-12-3
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3. Boot covers and outer gloves are removed. Inner boots and/or safety suit
(non-disposable) are washed with a detergent solution and rinsed with clean, potable
water.

4. Disposable clothing is removed and discarded into the trash receptacle.

Sccond Drop Site

1. Non-disposable inner gloves, hard hats, and boots are removed and deposited at a
second drop site.

2. For respirator cartridge or canister change-over, the cartridge/canister can be replaced
following decontamination of outer garments and removal of contaminated boot
covers and outer gloves. Redress, including clean boot covers and outer gloves, 15
performed following the cartridge canister change. Return to work site,

Third Drop Site

1. Respirators are removed, washed, swabbed down with respirator wipes and bagged
for storage. Uscd respirator cartridges are removed and disposed. Respirators are
left at the third drop site for cleaning. A disinfectant solution (i.c., CIDEX) will be
used on a regular basis to disinfect the respirators. (Note: Personnel with respiratory
tract infections, however minor they may scem, should disinfect their respirators at
least weekly).

2. Street shoes can be put on. All personnel will thoroughly wash face and hands before
exiting the site,

3.3.3.3 Level B Protection

The decontamination layout depicted in Attachment 12.1 will be adjusted to accommodatc actual site

conditions. Decontamination procedures for Level B include the following:

First Drop Site

1. Ficld equipment is placcd at the first drop site for later decontamination.

2. Non-disposable boots/boot covers, gloves and outer garments are washed with
detergent solution and rinsed in clean watcr.

Sccond Drop Sitg

|. Boot covers and outer gloves are removed and disposed at second drop location.
Inner boots and/or safcty suit (non-disposable) are washed.

050006 01 WTP-12-4
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Third Drop Sitg

1. For site exit, clothing, boots, inner gloves and hard hats are removed and deposited at
a third drop site. SCBA cquipment is removed and segregated for decontamination.
Street shoes can be put on.  All personnel arc to thoroughly wash face and hands
before exiting the site.

2. For SCBA tank change-out, SCBA tank can be replaced following decontamination
of outer garments and removal of contaminated boot covers and outer gloves.
Redress, including clean boot covers and outer gloves is performed following tank
change. Return to work site.

Note: An occasional CIDEX or Clorox wash of inside of boots is recommended to
alleviate odor problems. A thorough rinse 1s required after such usc.

34 POST-OPERATION
3.4.1 Field
Before leaving the site daily, the following procedures should be performed by on-site personnel:

¢ Properly dispose of all sotled, disposable PPE.
¢ Properly disposc of any decontamination water.
+  Complete togbook entrics relevant to decontamination.

* Ensurc that all decontamination cquipment and associated supplics are properly
stored

* Restore the decontamination arca to 1ts pre-arrival state (Le., any trash gencrated as a
result of decontamination operations should be properly disposed of).

342 Office
Upon return to the office, field personnel should perform the following:

*  Submit logbook and any original forms to Task/Project Manager for review.

e Inventory all equipment and supplics shipped back to the office.

050006.04 WTP-12-3
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4.0 REFERENCES

LAW, 1996. Health and Safety Training for Hazardous Wastc Operations: A 40-hr. Course.

EnviroSource, Inc., Law Engineering and Environmental Services, Inc., Training Center. August

1996.

NIOSH/OSHA/USCG/EPA, 1985, Occupational Safety and Health Guidance Manual for Hazardous
Wastc Site Activities. USDHHS.

5.0 ATTACHMENTS

Attachment 12.]1 - Decontamination Layout

050006.01 WTP-12-6
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WORK AND TEST PROCEDURE 13
HEALTH AND SAFETY MONITORING

1.0 PURPOSE

The purpose of this Work and Test Procedure (WTP) is to provide guidance for monitoring levels of
combustible gas and organic vapors. This momitoring 18 performed to minimize the risks to field
personnel associated with combustible gases and to minimize on-site worker exposure to organic vapors
through a preliminary identification of the concentration of organic compounds detectable with a

photoionization detector (PID) or Flame lonization Detector (FID).

2.0 DISCUSSION

Specific monitoring requirements will be provided in the work plan or HSP. Information gathered from
air monitoring will be used to determine appropriate protective measures to be taken and assess oft-site
migration of contaminants relcased during construction activities or subsequent operation of remedial

systems so that appropriate contingency plans and/or control measures can be implemented.

2.1 COMBUSTIBLE GAS

A combination combustible gas/oxygen/hydrogen sulfide indicator (EXOTOX 40) will be used to
monitor combustible gas levels. The EXOTOX 40 has the capability to monitor for oxygen, explosive
gases, and a “toxic” gas (carbon monoxide or hydrogen sulﬂdé) stmultaneously. Only one toxic gas can
be fitted to the EXOTOX and is chosen at the time of order. The monitor docs not have the capability to
detect specific explosive gases, but quantitatively detects % lower explosive limit (LEL) by comparison
with a known calibration gas (usually methane). The oxygen sensor calibration is affected by humidity,

so calibration of this sensor should take place in conditions similar to the working environment.

The LEL refers to the lowest concentration of a combustible gas in air that will explode or support
combustion. The upper explosive limit (UELY) is the highest concentration of a combustible gas in air that
will support combustion or detonation. Generally, the combustibility of an atmosphere is defined in terms
of a proportion of the LEL or UEL. Most combustible gas meters are calibrated to provide this

information.
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2.2 PHOTOIONIZATION DETECTOR

A commonly used air monitoring instrument is the PID. The instrument operates under the principle of
photoionization, i.c., the absorption of light by a gas molecule resulting in the molcecule's jonization. The
scnsor of the instrument consists of a scaled ultraviolet light source that emits photons at an cnergy level
high cnough to ionize most organic compounds, but not high cnough to iomize the major components of

air (i.C., 02, Ng, CO, COz, or HzO)

Most PIDs arc designed for use with interchangeable probes with lamps of diffcrent energics (9.5 eV,
0.2 ¢V, and 11.7 ¢V). Lamps arc sclected based on the ionization potential (IP) of suspected
contaminants on-site; the lamp energy must be equal to or greater than the IP of a compound for the
compound to be detected.  IPs for contaminants cxpected on-site can be found in the Health and Safcty
Plan. The PID is sensitive to many organic and inorganic vapors/gascs and therefore, cannot be used as a
qualitative instrument in unknown situations. It 1s strictly quahitative cxcept when the nature of the
contamination is known, and the instrument has been calibrated to that specific contaminant.  High
humidity decrcases the sensitivity of the PID.  Atmospheres with concentrations of gases above the

detection limits of the instrument will cause inconsistent behavior,

2.3 FLAME IONIZATION DETECTOR

Another commonly used air monitoring instrument is the flame 10nization detector (FID). The instrument
operates by drawing n an aliquot of the gas or vapor under consideration into the instrument ionization
chamber. The extracted gas is then ionized in a flame. A current is produced that is proportional to the
number of carbon atoms present and this information is relayed to a meter or strip chart recorder. In
many FID monitoring instruments, the instrument can be operated under two modes:  survey mode and
gas chromatography (GC) mode. In the survey mode, all organic compounds are detected at the same
time; in the GC mode, volatile species arc separated, thus cnabling tentative identification and

measurcment of various compounds.

A limitation to the use of this instrument is that it docs not detect any INorganic gascs or vapors nor some
synthetic gases. The instrument should not be used at temperatures less than 40° Fahrenhert.  High
concentrations of contaminants or oxygen-depleted environments will affect results and will require
system modification. In the survey mode, readings reported are relative 1o the calibration standard uscd,

Specific analyte identification requires calibration with the analyte of interest,
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2.4 CHEMICAL-SPECIFIC DRAEGER TUBES

Chemical-specific detector tubes will be used in conjunction with the FID and PID to detect and quantify
specific organic vapor levels at the sitcs. Detector tubes indicate the presence of a specific chemical by a
color change in the tubes’ packing material. A prespecified sample volume is drawn through the detector
tube at a constant flow rate. If the sample contains the vapor or gas in question, it will react with the
chemical on the packing material, resulting in a color change. The concentration of the vapor is directly
proportional to the length of the stain. Detector tubes are pre-calibrated prior to being shipped from the
manufacturer. The pump used 1n sampling must be checked regularly to verify flow rate and sample

volume per pump stroke.

Problems contributing to poor accuracy of the detector tubes include the following: leaking pump,
insufficient contact (analysis) time, high humidity and/or temperature, difficulty in reading the scale,

interferences from other compounds, improperly stored tubes, outdated tubes, and operator error

3.0 PROCEDURES
31 ASSOCIATED PROCEDURES

The following WTPs should be reviewed n conjunction with this WTP:

NUMBER NAME
1 General Instructions for Field Personnel

32 PREPARATION
3.2.1  Office

Prior to leaving the oftice for field work, the ficld team leader is responsible for activities listed in

WTP 1, as well as the following actions:.

s Determine monitoring requirements by review of HSP
e Identify sitc contaminants to target or mounitor
e Ship necessary equipment and calibration supplies

050006 01 WTP-13-3
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3.2.2  Ficld

After arrival on site, but prior to commencement of operations, the following proccdures should be

cmployed:

+ Confirm all nccessary equipment has arrived at the site
e Calibrate cquipment as specified by the manufacturer

33 FIELD OPERATIONS
3.3.1  Field Operations

3.3.1.1 Combustible Gases

Combustible gas monitoring will be performed at selected locations during intrusive site activities where
vapor accumulatton is considered likely, using a calibratcd EXOTOX 40 portablc multi-gas monitor.

Action levels based on Lower Explosive Limit (LEL) readings monitored at the source are as follows:

LEL Level Action
<10% LEL None; proceed with work and continue monitoring
10 - 25% LEL Potential cxplosion hazard; proceed with caution and monitor

LEL levels closcly, notify SSO

>25% LEL Explosion hazard cxists; stop work; evacuate site and ventilate
arca until levels of combustible gases fall below 25% LEL

3.3.1.2 FID/PID

Monitoring for organic vapors will be performed in the breathing zone and/or at the source (as
appropriate) to determine appropriate levels of PPE to be used during work. A PID or FID will be used in

conjunction with chemical-specifie detector tubes to deteet and quantily organic vapor levels.

Ambicnt air in the breathing zone will be monitored for organic vapors at least once cvery 135 minutes
during site operations and with cvery change in task or work location. Continuous monitoring will be
conducted at locations where vapor buildup is a potential hazard. Since the PID/FID only provides
non-specific quantitative readings, chemical-specific detector tubes (Dracger tubes) will also be used, as

dictated by action levels, durning field investigations to monitor for the presence of specific organic
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vapors. Action levels for organic vapors and chemical detector tubes are project specific and are presented

in the site-specific Health and Safety Plan.

Atmospheric monitoring measurements obtained are compared with 50% of the OSHA Permissible
Exposure Limits (PELs) and/or 50% of the ACGIH Threshold Limit Values, whichever standard is lower.
Site-specific action criteria based on the results of vapor monitoring are specified in the site-specific

Health and Safety Plan.

3.3.1.3 Calibration

All atmospheric monitoring equipment will be calibrated a minimum of two times daily in accordance
with the manufacturer's instructions: before work begins; and in the afternoon of the work shift.
Calibration procedures for each instrument can be found in the manufacturer's instruction manuals. An
example of the calibration record form that will be used to record daily calibration is shown in

Attachment 13.1.

The EXOTOX is factory-calibrated, but may be recalibrated by following manufacturer’s instructions.

H,S gas (or carbon monoxide), ambient fresh air, and methane gas are used 1n the calibration procedure.

The PID 1s factory-calibrated to a benzene gas standard. Calibration will be checked prior to and after
each usage following procedures described in manufacturer’s instruction manual. Isobutylenc 15 uscd as a

check gas for the on-site instrument calibration.

The FID is factory-calibrated to a Mcthane gas standard. Calibration will be checked prior to and after
cach usage following procedures described in manufacturcr’s instruction manual. Methane 15 used as a

check gas for the on-site instrument calibration.

34 POST-OPERATION
3.4.1 Field

Before leaving the site daily, the following procedures should be performed by on-site personnel:

e Dccontaminate any contaminated monitoring equipment.
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* Complete logbook and required monitoring forms, making notations as to site
conditions, anomalous readings, ctc.

* Ensurc that the sitc is cleaned to the condition that it was in prior to monitoring

operations (i.c., all trash related to monitoring operations must be disposed of prior to
departure from the site).

3.4.2 Office
Upon return to the office, ficld personnel should perform the following:

*  Submit logbook and any original forms to Task/Project Manager for revicw,
* Inventory all equipment and supplies shipped back to the office.

4.0 REFERENCES

NIOSH/OSHA/USCG/EPA, 1985, Occupational Safety and Health Guidance Manual for Hazardous
Waste Site Activities, USDHHS.

5.0 ATTACHMENTS

Attachment 13,1 - Daity Instrument Calibration Form
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ATTACHMENT 13.1
DAILY INSTRUMENT CALIBRATION FORM

SITE LOCATION: DATE:

CALIBRATION PERFORMED BY:

CALIBRATION STANDARD: CONCENTRATION:

INSTRUMENT CALIBRATED | DATE/ | INSTRUMENT
(specify model)/serial no. TIME READING INITIALS COMMENTS

050006.01 WTP-13-7
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APPENDIX C

FERROUS IRON AND CARBON DIOXIDE
FIELD TEST KIT INSTRUCTIONS
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RA SAP — Defense Depot Memphis, Tennessee November 2005
Volume I - Freld Sampling Plan Revision 1
MACTEC Project Nos. 6301-04-0002 & 63(G1-05-0006

APPENDIX D

GROUNDWATER SAMPLING REFERENCES

USEPA, 1996. Low-flow (Minimal Drawdown) Ground-water Sampling Procedures,
EPA/540/$-95/504, USEPA Office of Solid Waste and Emergency Response, April 1996.

USGS, 2001. User’s Gurde for Polvethylene-based Diffision Bag Samplers to Obtain Volatile
Organic Compound Concentrations in Wells, Part 1, Deployment, Recovery, Data Interpretation,

and Quality Control and Assurance, USGS, Columbia, SC, 2001.
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Uniled Stales Office of Office of Solid Waste EPASA0IS~35/504
Environmenial Proleclion Resaearch and and Emergency April 1996
Agency Development Response

Ground Water Issue

| LOW-FLOW (MINIMAL DRAWDOWN)

Background

The Regional Superfund Ground Water Forum is a
group cf ground-water scientists, representing EPA’s
Regiona! Superfund Offices, organized to exchange
infarmation reiated to ground-watar remediation st Superfund
sites, One of the major concems of the Furam is tho
sampling of ground walar 1o support site assessmant and
remedial performance montoring objeclives This paper is
intendad lo provide background informatien on the
gevelopment of low-flow sampting procedures and its
application under 8 variaty of hydrogeologic setings. it is
hoped that the paper wiil support the production of standard
opetulig procodurac fnr Lse by EPA Regional personnal and
other enviranmental professionals engaped in ground-wate!
sampling.

for further information contact: Robert Puls, 405-436-8543,
Subsurface Remediation and Prolection Division, NRMRL,
Ada, Oklahoma.

], Introduction

The methods and objectives of ground-water
sampling 10 assass waler quality have evolved uver ime.
Inilially the emphasis was On the assessmanl of water quality
of agquifers as sources of dnnking water. Large water-bearing

GROUND-WATER SAMPLING PROCEDURES

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

unils were identified and sarnplad in keeping with that
cbieclive. These were mighly productive aguifers that

supplied drinking water via private welis or through public
water supply systems. Gradually, with the increasing aware-
ness of subsuriace poliuton of hese waler resource s, the
understanding of compisx hydrogeochemicsl proce 6568
whirh govern the fate and transport of conlaminants in the
subsurface increased. This increase In underslanoing was
also due lo advances mn a number of scientific disciplines and
improvemants in oois used for site charactenzabon and
ground-water sampling Ground-water quality nvestigations
where poliubon was datecled inilially barrowed Wdeas,
melhods, and materials for site characterizalion from the
water supply field and water analysis from public health
practcus. This includod the matarials and marner in which
monitaring wells were instalied and the way in which walter
was brought to the surface, treated, preserved and analyzed.
The prevalling conceptual eas included convenient genaerali-
zalions of ground-waler (eECUICeS N l6rms of larpe and
relatively homogensous hydrologic units, With time It bacame
apparent that conventional waler supply generalizations of
hormogeneity did not adequately represant field data regard-
ing pollution of these subsurface resources. Tiwo innproriant
role of hetarogensity bacams increasingly clear not only in
geologic lerms, but also in terms of compiex physical,

1Wational Risk Management Research Laboratory, U.S. EPA
WUniversity of Michigan

o RTHON
O Superfund Technology Support Center for WA AN =" R
x % Ground YWater Er i 1% Don UG E e a8 ek
& R 3 Office-of SolidWasle andiEergency

oo s National Riak Managesment Rescorch Laboratary s TYSSEFA Was .=ln o ";b
* oot Subsurface Protection and Remediatien Division < .

% j‘ RobeH §. Kerr Environmental Research Center
Aregen & Ada, Oklahoma
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objectives, then appropnate localion, screen length, weit
diameter, slot size. etc. for the monitonng welt network can be
decded. Thisis especially critical for new in sHu remedial

approaches of natural attenuation assessmants at hazardous

wasle siles.

in general, ihe overalt goal of any ground-water
sampiing prograrn 18 {0 collect waler sampies wilh no aller-
ation n waler chemisiry, analyhcal data thus cbtamed may be
used fui & veriety of epacific monilonng programs depending
an the regulalory requirements The samphing methodology
descrbed in this paper assumes thal the monioning goal is to
sampie monitonng wells for the presence of contlaminants and
#t is applicatie whethe! mabile colloids are a concam of not
and whether the analytes of cancem are metals (and metak

lpids) or organic compounads.

Il. Monitoring Objectives and Design ™"
Considerations

The following jEsUEs ale IMponant o neider pror
i the gesign and implernentation of any grounc-water
monitoring prograim, inciuding those which anticipate using
jow-flow purging and sampling procedures.

A. Data Quslity Dbjectivas {DQOs)

Moniunng opjectver include four main types’
detection, assessment, corectve-action evaiuailon and
resource evaluation, along with hybnd vanakons such as site-
assessments for propefty transfers and waler availlability
investgations Monitoring bbiectives may ehange a8 conami-
nation or waler qually problems are discaveret. However,
there are @ number ot common componenis of monitonng
programs whuch should be recognized as imporiant regard-
less of inilial cbiectves. Tnese punponsnia inplude:

13 Deveiopment of 8 concepiual modet thal incorporates
slements of the regional geclogy to the local geolegic
framework. The conoaptual model development 8lso
includes initial site charactenzation efiorts to identfy
hydroslraligraphic unils and likely fiow-paths using a
minimum number of borings and well completions;

2) Cosi-sffective and well documented collection of hugh
quality dala utilizing simple, accurate, and reproduc-
Iole ted miques: and

3) Refinement of tne conceptual model based on
supplementary data collection and analysis.

These fundamental componanis sarve many types of monitar-
asis for future efforts that evolve

ing programs and provide a b
\n nnmplexity and leve! of spalial detall as purposes and

objectives expand. High guality, reprogucipie dala Lollecton
1s a common goal regardiess of program objectves.

High quality dala collection implies data of sufficent

accuracy, precision, and compleleness (i.e., ratio of vahd
analytical resulls lo the minimum sample number calied for by
the progfam design) 1o mesl the program ohsclivee. Accu-
racy depends on ine correct choice of montonng ipois and
procedures 1o minimize sample and subsurface disturbance
irom colleclion 10 analysis. Precision depends on the
repeatability of sampling and analytical protorols. 1t can be
assured or wnproved by rephcation of sampie analyses
inciuding bianks, fieldiab standards and reference standards.

B. Sample Represeontativeness

An impontant goal of any monitoring program is

collection of data thalis inily repre sentative of conditions at
the site. The term representativene s appflies o chemicat and
nvdrogectogic data collected via waeills, borings, piezomelers,
gecphysical and soil gas measurermierts, lysmelore, and
temporary sampling points. Wt involwes a recognion of the

stastical varability of indradual subsuriace physical proper
\ies, and comaminant of major ion concentraiion levels, while
explaining extreme values. Subsurface temporal ang spatial
variability are facts. Good professional practice seaks 10
maximize represeniativeness by using proven accurate and
seproducible lechniques 1o define limits on the distribution of
measurements cullecied at a site. However, measures of
representalivenese are dynamic and are conwrolled by
evoiving site characterizaton end monitoring objectives. An
avoiutionary sile charectorization rmodal, as shown in Fig-
ure 1, provides 8 systematic appraach to the goal of consig-

tont data coliection.

e S Datis Progreen OGS S

| -tanufnmcu»nq

. ww  wuly Dalired PG and
Evolstonery Fns Amatyriesd !mi:u:pl -
Chamciatertion

1 Apply Provooods
i )

—— - Rmpmoonl! o ._;'I-n_a-a-nu'-\um

Figure 1. Evolutiorary sils Characterization Modal

The model emphasizes a recognition of the c2UEos of the
varigbllity {e.g., use of inappropriate technology such as using
bailsrs fo purge wells: mprecise or operalur-dapendant
methods) and the neec 0 conirol avoidabie errors.

(")
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fliow purging has the advantage of minimizing mixing between
the ovenying stagnant casing waler ang waler within the
screenad interval.

A. Low-Flow Purging and Sampling

Low-flow refers lo the velodty with which waler
enters the pump intake and that is imparted 1o the formation
pore waler in the immediate vicinity of the weil screen. it
doas not necessarily refer o the flow rate of water discharged
al the surface which can be afieclad by flow regulalors or
restrictions. Waler level drawdown provides the best indica-
tion of the stress imparted by 8 given fiow-rate for a grven
hydsological situation. Tha cbjective is to pump in 8 manner
that minimizes sirass {drawdown) to the system 10 the axtent
praciical taking inlo account established site sampiing
nhjactives. Typically, fiow rates on the order of 0,1 - 0.5 Limin
are used, howevst this is dependent on site-specific

hydrogeology. Some axremely coarse-textured formations * -

have been successfully sampled in this manner a} flow rates
to 4 Limin Tha affectiveness of using low-flow purging 18
intimately linked with proper screen jocation, scraen lsngth,
and well construclion and development technigues. The
reestablishment of natural flow paths in both the verlical end
horizonta! directions is important for correcl interpraetation of
ihe gata. For high resolution samphng needs, screens less
than 1 m should be used. Mosl of the nead for purging has
neeh found 1o be due 10 passing the sampling device through
the ovenying casing water which causas mixing of these
siagnant waters and the dynamic walers within the screened
imerval. Additionally, thers is disturbance 1o suspended
sediment collected in the bottom of tha casing and the
displacement of water out into the formation immediately
adjacant to the weil screen. These disturpances and impacts
can ba avoided using dedicated samphng equipment, which
precludes the need to inserl the sampling device prior to
purging and sampiing.

isolabon of the scresned interved water from the
overiying stagnant casing watar may be accomplished using
low-flow rrinifmal drawdown techniques. If the pump Intake is
localed within the screenad Intarvel, mosl of the water
pumped will be drawn in directiy from the formation with litte
mixnny uf Gasing water nr disturbance to the sampling zona.
However, if the wells are not construcled and developed
properly, zones other than those intended may be sampled.
Al soma sites where gealogic hotarogenelties are sufficiently
ditfaranl within the scwened intorvol, higher ennductivity
zones may be preferentially sampied. This is another reason
to use shorler screened intervals, espacially where high
spatial resolution is a sampling objective.

B. Water Quality indicator Parameters

It ic rennmmended thal water quality indicator
patameters be used 10 delermine purging needs pnor 1o
sample collection In each well Stabilization of parameters
such as pH, spedfic conduclance, dissoived oxygen, oxida-

han-reduction polential, temperature and iurbidity should be
used to delermine when formation water is accessed dunng
purging. In general, the order of stabilizationis pH, termpera-
wre, ang specific conduclance, 1oliowed by oxidetion—
reduclion potential, dissolved oxygen and turbidity. Tempera-
ture and pH, while commaonty used as purging indicalors, are
actually guite insensitive in distinguishing between formmation
waler and slagnant casing water; nevertheless, these are
important paramelers for data imterpretation purposes and
should also be measured. Perormance critena for determi-
nation of stabilicalion should be based nn walerdevel draw-
down, pumping rate gnd equipment specifications for measur-
ing indicator paramelsrs. Instrumenits are available which
utiize in-hne fiow celis 10 continucusly measure the above
paramelers.

It is important 1o establish specific well stabilization
criteria and then consistenty follow the sama methods
tnereatior, particularly with respacl to diawoown, fluw rale
and sampling davice. Generally, the time of purge volume
required for parameler siabilization is indepandent of wall
depin or well volurmas Dependent variables are wali diam-
ater, sampling device, hydrogeochemistry, pump flow rate,
and whether the devices are used in a portable or dedicated
mannat. !If the sampling device 15 atready in place {i.e.,
dedicaled sampling sysiems), then the time and purge
voluma neegad for stabilization is much shoner. Other
advantages of dedicaled equipment include less purge water
tor wasle disposal, much lese decontamination of equipmant,
legs lime spent in preparsuun of sampling a& wall as time n
the fiakd, and mare consistency in the samphng epproach
which probably will translate into less variabllity in sampling
results. The use of dedicated sguipment is stongly recom-
mended at wells which will undergo routine sampling owver
fime,

if paramater stabiiizabton criteria are toa stringent,
then mino! osdllations in indicator paramelers may Cause
purging operations 1o becoma unnecessanly protracted. it
should also be noted that turbidity is a very consarvative
parameter in terms of stabilization. Turbidity is alwaye the
last paramater to stabilize. Excessive purge imes are
invanebly related to the establishment of 100 stringent lurbidity
stabilization enteria. It should be noted thal natura! turbidity
levels in ground wales inay excood 410 nephalometric turbidity
units {NTU}.

C. Advantages and Disadvantages of Low-Flow
{Minimum Drawdown} Purging

in general, the advanlages of low-flow purging
nrhude:

+ samples which are representative of e mobily ivad of
conlaminents present (dissolved and colloid-associ-
ated);

. minimal disturhanca of Ihe sampling point thereby
minimizing sampling artitacts,

+ lgss operator vanability, greater operator control,
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l} General Considerations F. Filtration
There are no pnusual reguirements for grout id-water DuLisons to filler scamples should be dctated by

sampling devices when Using jow-flow, minimal grawoown sampiing objectives rather than 2s 2 fix for poor sampling

achniques. The majof concern 1s that the device give practices, and field-filtering of certain conshtuents should not
onsistent results 2nd rminimal disturbanca of the sample be the default. Consideration should be grven as to whal the
I cross a range of fow flow saies {i.e..< 0.5 Liminj. Clearly, apphication of field-filiration is rying 1o accomghsh. For
pumping rates that cause rinimal to no drawdown in one well - assessment of truly dissolved (a8 opposed 1o operalionally
could easily cause significant drawdown in another well drssolved fie.. samples filtered with 0.45 pm fillers)) concen-
ynished n a less pransmissive formaticn. 10 this sense, the trations of major jons and irace metats, 0.1 pm fillers are
pumg should nol cause Undue pressure or femperalure recommended aithough & 45 pm hiters are nomaliy used for
changes or physcal disturbance on the water sample Over 8 mosl teguistory programs. Alkalinity samples must also be
reasonable sampling range. Consistency in cperation 18 Gltered it significant particulate calcium carbonale is SUs~
entical to meel accusacy and precision goals pected, anca tnis matenal is Hkely io impact akalinity titration

) results {atthough filtration iself may alter the CO, composilion
2) Advantages and Disadvaniages of Sampling Devices ot the sampie and, therefore, aftect the results).

A‘variety of samphing gevices ara available tor low- although fitlration may be appropriate, fitration of a
fiow {minimal drawdown] purging and sampling 8nd include sample may cause a number of uniniended changes 1o ooour
peristaltic pumps. biadder pumps, electrical submersible {e.g. owdation, aeralion) possibly leading 1o filiration-induced

pumps, and gas-drivan pumps. Devices which lend them- artifacts dunng sample anatysis and uncenainty in the results,
selves to belh dedication and consisient operation at defin- Some of these unintendsd changes may be unavoidabie but
able low-fiow rates arg prefared, |t is desirable thal the pump the factors leading to them must be recognized. Deleterious
be easily adjuslable and cperate reliably al thess tower flow eflects con be minimized by cansistent apphcaton of certaih
rales. The pensiaitic pump is hmited tc shallow applications filiraton guidelines. Guidelines should address selection of
ang can Cause gegassing resuiting in atleration of pH, fiker type, media, pore SIg, ete. in order to identity and
alkabnity, and some volatiles loss, Gas-criven pumps should minimize polential sources of uncertainty when fillering

e of a type that does not aliow tne gas lo be in direcl contact sampies

with the sampiad fiud.
in-hine witratorn is recuinmended bosouee it pravides

Clearty, baiters and other grab type samplers are il DN consistency thraugh less sample handing, and

suited for low-fiow sampling since they will cause repeated minimnizes sample exposure 10 the simosphere. in-line filters
¢ water in the casing and are avaiable in both disposable (barrel filters) and non-~
disposable (in+ine fillet holder, flal rmembrane fiters) formals
and various filter pore szes (0.1-5.0 pm}. Disposabile filter
canridges have the advantage of greater seaiment hiandling
cap=rsty when compared io traditional membrane filtters.
Fillers mus! be pre-rinsed following manulacirers § e
mendations. 1 there are no racommendatons fof finsing,

l summarias of advantages and disadveniages of pass through a minimum of 1 L of ground water following

disturbance and mixing of stagnan
the dynarnic water in the soreened interval Similarly, the use
of nerital ift fool-valve type samplers may cause oo much
disturbance ot the pnint of sampling. Use of these devices
also tends to introduce uncontrotied and unaccepiable

operator vanabifity.

arious sampling Gevices are listed in Herzog ot al. {1991}, purging and prior to sampling. ane filtration has bagun, zla
\) s EPA (1992}, Parker (1994) 2nd Thurnblad (1994). filter cake may develop as partcles largsr than Fhe pore size

accumulate on the filler membrana. The result is that the
efiectve pore diameter of the mernbrane is reduced and
parlicles sralicr than the etatad pore size are exciuded from
the filtrate. Possible correclive Measures inciude prefiltering
{with larger pore gize flers), minimizing pariicie ioads o
beqin with, and reduding sample valume.

E. Pump Instaliation

Dadicated sampling gevices (iefl in the well) capable
of pumping end sasmpling ara preferred over any other type of
device. Any poriable sampling device should be clowly and
cerefully towered to the middie of the screaned interval or L .
si'lghny);bove the middie (8.g., 1-1.5 M below the top wa3m O Monitoring of Water Level and Water Quality
scroon). This i to minimize excessve mixing of the stagnant Indicator Parameters
water in the casing above the screen with the screened
interval zone water, and to minimize resuspension of solids Check waler tevel penodically 1o monitor drawdown
which will have collected at the pottom of the well. These two 1n the well as a guide io flow rate adjustment. The goal is
Aisturnance efiecls hove been chown 1o directy affect the minimal drawdown {<0.1 m) during purging. This goal may be
lime required for purging. There also appears 1o be a direct aifficult 1w achieve under come cirn IMElances due 1o geologic
correlation befween size of portable sampling devices relative heterogeneities within the screened intarval, and may require
to the well bore and resuling purge volumes and times. The adjustment based on site-spacific conditions and personal
key is lo mirnize dislurbance of water and sohds in the well experience. Indine water quality indicator parameters should
casing. be continuously monitored dunng purging. The water quality
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Ihe well screen. This may require repeated recovery of the
I water during purging while jmaving the pump In place within
|he well sereen.

Use of low-flow lechnigues may be impractical in
Inese satlings, depending Upon the water recharge rates.
The sampler and the end-usar of dala collecied from such
walls need ¢ understand the hmitatichs of the data collectad;
i.e., a strong potential for undarestimaton of actual canlamis
nanl concentrations 1or voiatile organics, potential falre
negalives for fillered metals and potantial false positives for
urffillered metals, 1t is suggested that comparisans be made
between samples recoverad using low-flow purging tech-
niques and samples recovered using passive samphng
iechniques (i.e., Two sats of samples). Passive sample
collection would essentially entail acguisition of the sample
with nu i very litle purging using 2 dedicated sampling
system instalied within lha.screened.interval or.a.passive_ ..
sample coliaction device.

A. Low-Permeabliity Furmations (<0.1 Limin
recharge}

1. Low-Flow Purging and Sampling with Pumps

a. “poriable or non-dedicated mode” - Lower the pump
(one capabie of pumnping at <0.1 L/min) 1o mid=-screen
i slightly abovs snd &8t in place for minimumn of 48
hours (1o lessen purge volume requfiremaents). Afer a6
hours, uEe proceduras listed in Part IV above regard-
ing moniloring watar guality parameters for stabiliza-
lion, etc., but do not dewater the screen. il axcessiva
drawdown and elow recovery is a problam, then
allamnate approaches such as those hsied below may
be befter.

|
I
|
|
|
E

|

b. ‘dedicaled mode” - Sel the pump as above a! least a
woek priof to sampling; thal is. operale in a dedicaled
pump mode. With tnis approach significant reductions
in purge volurne should be rezlized. Water quality
paramelers should slabilize guite rapidly due to lese
disturbance of the sampling zona.

2. Passive Sample Collection

Paseive sampling collection requires inserlion of the
asvice into the poroonad intarval for 8 sufficient ime penod to
allow fiow and sample equilibration before gxiraction for
analysis. Conceplually, the extraction of wates rom low
yielding formations ss6me more akin to the colleclion of waler
from the unsaturated Zone end passivo earnpling Isshnigues
may be more appropriate in 1erms of oblaining “represanta-
tive" samples. Satisfying usual sample volums fequirements
i typically 8 problem with this approach and some latitude will
be needed on the parl of regulatory entiies o ativve
sampling objeclives.

VI. Documentation

B. Fractured Rock

In tractured rock lormations, a low-flow 1o zero
purging approach using pUmps in conjunclicn with packers [o
isolate the sampling zone in the barehole is suggesied.
Passive multidayer sampling devices may alsc provide the
mosl ‘representative” samples. It is imperative n these
satlings to identify flow paths or water-producing fractures
priat lo sampling using ipols such as borehale flowmeters
and/or other geophysical lools.

Afler identification of watar-bearing fractures, install
packer(s) and pump assembly tor sampie collection LsIng
low-flow sampling in “cedicated mode’ or use a passive
sampling device which can isolate the identified waler-beanng
fractures.

The usual practices for documenting the sarmping
even! should be vsed for low-flow purging and sampling
techniques, This should include, at & mmimum’ information
on the conduct of purging operations (fiow-rate, drawdown,
watar-quality paramelar values, volumaeas exirected and timas
for measurements), fietd instrument calibration data, water
sampling forms and chain of custody forms  See Figures 2
and 3 and “Ground Water Sampiing Workshop — A Workshop
summary” (U, S. EPA, 1885) for example forms end other
documentation suggestons and InTormatiun. Thie imfermaton
coupled with laboratory analylica! data and validation data are
needed 1o judge the wuseability” of the samping data.

Vil. Notice

The U.E. Environmenial Protection Agency mrough its Office
of Research and Devalopmant funded and managed the
rasparch dascribed hersin as parl of {s inhouse resaarch
program and under Contract No. 68-C4-0031to Dynamac
Corporation. It has baen subjected to the Agency's peer and
administrative review and has bean approved for publication
as an EPA document. Mention of trade names or commercial

products does not constitute endorsement of recomimenda-
tion for use.
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Questions about the MicroPurge
concept
1. Is MicroPurge umgue to QED?
2. Whyshould 19010 MicroPurge sampling? What are the advantages?
3. s the screen zone of & well realy " shed" by the aqguifer?
4, Are there wells or sites that are not candidates for low-flow sam ling”
5. Wm&ﬂﬁm@wx@bwdﬁﬁ@mﬁwdwmswnavqx@ﬂmmmmgggg
6. Does.a MicroPurge sample represent the entire screen zong, of just the area near
the pump mntake?
7. What flow rate should be used for low-flow sampling?
8. Why dol need to monitor the water level when MicroPurae sampling?
9. Huw do | get a water level reading_without disturiing the water column in the well?
10. What s s sufficient purgg volume when MicroPurge sampling 1s used”
11. Wnat are ingicator parameters _ang why are t they measured GUNNG PUIGINg”
12, Wnal gaactly s stabilization? How do { know when m y_readings are stabie”
13, lsnt turbioity an ingicator paramster? \What role does it play in MicroPurge
sampling?
14, What if my parameters don’t siabize?
Questions about regulatory acceptance of MicroPurge sampling
1. Has MicroPurge been approved by my site/EPA regronfEPA Headguaners?
7 Whos using MicioPurge samging_in_ my state or EPA Region?
3. How de | propose MricroPurge samphqg_;qgrg,-__.regy_latpfa_?_ Do | have o change my
sampling ana analysis plan {SAPY?
4 1z QED working with the renulators 1o gain wider accepiancs for MicroPurge?
Questions about sampling eguipment and MicroPurge sampling
. What type of sampling dgvices are acceplable for MicroPurge sampling”
2‘ﬂh@@iﬁ@ﬁammmﬂﬂmeﬂ&&@b@&mBMiﬁmmm°
3. Canluse a ponable pump for MicroPurge sampling, of 1% dedicated equipment
required /
4. is a flow cell required for Mlc_roPurgeLQ[_cvap_g,ga_pfara_t_ginsg[umentﬁs be used”?
5. How often do you calibrate the Flow Cell?
6. Isthere achance of cross-conlanimation when using the Fiow Cell?
FREQUENTLY ASKED QUESTIONS ABOUT MICROPURGE SAMPLING
7472003
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Questions about the MicroPurge concept

1. Is MicroPurge unique to QED?

The term "MicroPurge” refers to the process of purging and sampling welis at low flow
rates from within the well screen zone to minimize purging and improve sample quality.
QED eoined the term as a means of promating the practice of low-impact sampiing While
AFD did not invent the process, we have been instrumental in bringing information on the
MicroPurge concept to the marketplace and providing vvell Wizard sarmpling equipment
designed specifically for MicroPurge appiications.

2. Why shouid | go to MicroPurge sampling? What are the advantages?

There are several advantages to the MicroPurge process, the most obvious being the
reduction in purge volume (typically 90-85%) and the potential for time savings, especially
in higher-yieid wells There are also additonal cost saving and method control
advantages to MicroPurge sampling. Sample guality and accuracy are improved through
reduced turbidity in samples and minimized degassing and volatilization. In mest cases,
fitraton of samples before analysis can be eliminated Sample precision can also
improve, since low-rate, low-volume pumping reduces mixing and dilution effects on the
concentration of contaminants, improving consistency with each sampling event.
Sampling systems are simpler and (ess expensive, as the need for high-flow purging
pumps Is eliminaled MicroPurge sampiing can extend the useful hifs of a monttoring well
and preserve the integrity of the filter pack by reducing the movement of fine sediments
into the well that result from high-rate pumping Health and safety advantages include
reduced exposure of field personnel 1o potentially-contaminated purge water, and
reduced lahbility from the off-site disposal of this water.

1. Is the screen zone of a well really "flushed” by the aquifer?

If there is any ground wates movement in the well screen zone, and the well 1s properly
constructed and in good condition, then water should pass continuously through the
screen, since it is “hydraulically invisible" by design {the filter pack has greater hydraulic
conguctivity than the surrounding yeologic material, and the screen s more condiichve
than the filter pack). In most cases, even minimai ground water flow 1s sufficient 1o
maintain an exchange of water in the well screen to provide representative samples with
minimal purging Sampling this water without mixing or disturbing the water column is the
basis for MicroPurge sampling.

4, Are there wells or sites that are not candidates for low-flow sampling?

MicroPurge sampling methods can be used in a wide range of hydrogeologic settings and
at all types of facilities. The decision to use low-flow sampling methods is based on
several factors, including purge wailer handling/disposal requirements. sample quality and
precision concerns (especially turbidity control), monitening program duration, and time
and labor costs. While MicroPurge sampling could be applied almost anywhere, an
anafysis of the cost and quality benefits will typically be the basis for converting (o

e M nedeny ramiresnnireec/nrodncts/mnnroe fan hrml 71172003
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MicroPurge sampling.

5. What about low yield wells that draw down even at very low pumping rates?

If the yield of a well is too low 10 maintain minimal drawdown in the well at a very low
pumping rate (100 mi/minute of less), the well could be sampled using a dedicated pump
by purging only the volume of the sampling device and tubing This method, termed
“passive sampling”, is considered to be at least as good as the traditional method aof
ravacuating” the well and sampling upon recovery, and would be considerably better than
bailing a well that contains very little water This concept is supported in the published
ierature, and supported by QED with spacific system configurations for passive

sampling

6. Does a MicroPurge sample represent the entire screen zone, of just the area
near the pump intake?

Since jow-flow pumping does not induce sufficient fiow to mix the water column,
MicroPurge samples typically represent only the area of the well and surrounding
formation immediately adjacent to the intake of the pump Though this doesn't provide a
fully mixed "composite” sample of the entire screen zone, as would a bailed sampie, it will
tend to be more accurate than a baied sample and may afiow identification of specific
waler-quality zones winin a well screen Pump placement becomes an 1ssue for some
users and is dictated by factors such as knowledge of the geclogy :n the screen zone of
the borehale (from dnlling logs, $oil sampling 10GS OF geophysical logs) ang the type of
contarminants anticipated (ighter than water, dissolved, or heavier than water). l1t1s
important to remember that well design and other hydrogeologic factors such as vertical
gradients car piay a role in the composition of the water in the screen zane, therefore,
homogeneity of the water within the screen may oceur regardiess af purging or sampling

methods used.

7. What flow rate should be used for low-flow sampling?

The fiow rate used 1s dependent on the hydraulic performance of each well and the desire
to minimize the mobilization of suspended colloidal material {turbidity). The proper flow
rate for MicroPurge samgling in any given well should be based on the ability to establish
a low fiow rate at an accepiable ievel of drawdown (0.2 - 0.3 feet), and with minimal
fluctustion of that dynamic water level during pumping. | suggest that a user start out at
the minimurm flow capabilty of the pump, then gradually increase the flow rate until snme
initial drawdown 1s observed The flow rate can then be reduced slightiy to achieve a
stabilized pumping water level, and this rate shouid be established as the maximum
purge rate for that well. In any case, the flow rate should not exceed 1 0 liter/minute, as

higher rates will tend to increase turbidity.

8. Why do | need to monitor the water level when MicroPurge sampling?

Since the goal of low-flow MicroPurge sampling is to obtain a sample from the well
screen zone, excessive drawdown of the water column in the well would cause mixing of

7/4/2003
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water from above the sampling paint with the zone of interest. Most guidance suggests
that drawdown should be kept to a maximum of 0.3 feet, with long water columns; this
could vary, depending on the screen length, the location of the sampling pump intake In
relation to the screen, and whether the top of the screen extends above the water table or
Is submerged.

9. How do | get a water level reading without disturbing the water column in the
well?

Inserting a water level probe into the well shouldn't significantly disturb the water column
¥ this is @ major concern, a dedicated water level measurement system could be a
solution. Dedicated water level measurement devices, such as down-hole transducers or
QED's pneumatic probes can also provide continuous readout of the water level during
pumping, which simplifies the MicroPurge sampling process. Water column disturbance is
also a consideration if the user must sound the weli bottom. QED's dedicated botiom
sounders that are used aller sampling can sclve this problem.

10. What is a sufficient purge volume when MicroPurge sampling is used?

This will depend on the choice of low-flow sampling methods, low-rate pumping of
passive sampling For fow-rate pumping. the purge velume is dependent on the pumping
rate used, the lower the rate, the smaller the volume required to achieve stabilization of
indicator parameters Typiral voltimes are as iittle as 2 liters or as much as 10 liters, with
4-8 liters being the average reported in published studies if the passive sampiing
approach 1s used, the purge volume s dictated by the volume of the sampling device and
tubing and 1s usually some multple of this volume. For example, i the pump and tuding
volume 15 300 mililiters 450-800 mitiiiters may be the volume discarded prior to

sampling

i

11. What are indicator parameters, and why are they measured during purging?

Indicator parameters are water quality measurements, such as pH, conductivity,
dissolved oxygen, and oxidation-reduction potential (ORP, or "redox”) that can be used to
ioentify relalive clhianges in water chomistry. Measuwring these paramaters continugusly
during purging can identify when purging 1s completed An initial change in the
measurements typically indicates that water is being drawn from a different source
{"active" versus "stagnant” water), and stabilization of these parameters would indicate
that the water is caming from a steady-state source, the tormaton immediately
surrounding the well screen near the pump intake.

12. What exactly is stabilization? How do | know when my readings are stable?

Stabilization can be defined as a designated range of measurement vaiues determined
over a period of time, a selected number of readings, or a selected volume of water.
Stabilization criteria are typically user-defined or determined by reguiatory guidance. Most
users will define stabihzation as three consecutive readings that are within a defined
range, such as +/- 5% or 10% Others may define stabilization in units of measurement,

lartm-famine aadan cnm frecnnreas/mradncts/mnnroe fan himl 72003



876 206

Micropurge FAQ

P P

such as three consecutive readings within +/- 0.1 pH unit, 0 1 CO, 0.1 PPM DO, and 5.0
conductivity units. The time interval between readings is usually dictated by the pumping
rate, an may be as little as 1 minute apart, or as much as 3-5 minutes apart.

13. Isn’t turbidity an indicator parameter? What role does it play in MicroPurge

sampling?

indicator of water chemistry, and therefare is not an indicator of a
change n ground water chermisiry, such as might occur when purging a monitoring well
prior o sampling. Turbidity 1s @ general indicator of water quality (suspended solids}, and
the ievel of turbidity in 8 ground water sample could affect the abiiity to determine
accurately the dissolved concentration of organic or inorganic analytes in a sample The
actual turbdity value that might affect anaiyie concentration can vary based on the nature
of the solids present and the charactenstics of the analytes of interest Many regulatory
guidelines recommend 5 NTU or less, which is a secondary drinking water standard for
water supply wells. Natural surbidity in ground water can exceed 5 NTU. and may be
considerably higher The only way {c scientitically determine the level of turbidgy that will
artifactually affect sample analysis is to compare 8 true "dissolved” sample (filterad at 0.1
micron} with a "total metals" sample to identdy any significant difference in analyte
concentrations. In summary, turbidity values dant directly indicate when purging is
completed, but turbidity measurements are valuzbie in interpreting analyhcal data from

unfiltered samples for dissolved metals.

Turbidity is not an

14. What if my parameters dnn't stabilize?

If stabiization dogs not ostur, it may be the rasult of excessive pumping rates that
caused drawdown and mixing within the water column Reseascn has shown that
dependable pararmetars such as DO and conductivity will stabiize readily at low pumping
rates within a very small purge volume, usually less than 10 nters |f a MicroPurge User
can't achieve stabitization, it may be due to problems with fiow rate control of the
pracision of e Histruments used for maasurement

Questions about regulatory accepiance of MicioPurge sampling

1. Has MicroPurge been approved by my state/EPA region/EPA Headquarters?

This is the most frequently asked MicroPurge question! The answer is three-part:

1.Many regulatory agencies accept the MicroPurge concept, with some having specific
guidance or SOPs for its use Approval s lypically given on g sit-by-site basis

2 MicroPurge sampling has neen accepted by a majorty of states and EPA regions,
contact QED if you aren't centain about a specific agency

7/1/2003

Yoptes i Asdsmu rmmirecnurrecdnradnete/monros fan himl

MENDRRNSNNE




876 207

Micropurge FAQ T

3.MicroPurge has been written into some recent EPA documents, most notably the recent
Ground Water Issue publication "Low-Flow (Minimal Drawdown) Sampling Procedures”
EPA Publication # EPA/540/5-85/504. It is also included in other general guidance
documents such as Region VIil's SOP #4.1 on Well Purging, Region I's draft SOP for
Low Flow Purging and Sampling, and Region IX's Quick Reference Advisory on low-flow
sampiing. Call QED if you need a copy of these documents.

2. Who is using MicroPurge sampling in my state or EPA Region?

MicraPurge users now exist in most of the states, andg nearly all EPA regions. QED can
provide you with names of selected references in your area, and contact names for many

regulatory agencies

3. How do | propose MicroPurge sampling to my regulators? Do | have to change
my sampling and analysis plan {(SAP)?

The most cominun way to get MisroPurge acceptance fram a regulator is to propose its
use by submithng a modification to an existing SAP, or submitting an SAP for a new site
incorporating MicroPurge methods. Many regulators like 1o see some supporting literature
if they're not famuliar with MicroPurge yet QED can provide you with copies of a number
of published papers that support MicroPurge methods. COceasionally, some regulators
want to see a pilot demonstration of the process for some sites. or a comparison of the
MicroPurge method with the current purging and sampling methods used. Some
published papers have data comparisons that may satisfy the method comparison
requirements. With the wide and gaining acceptance of MicroPurge, SAP changes o
accommodate low-fiow revisions are becoming simpler, and the cost of the ime and
naperwork required are small, especially when compared to the cost savings to be
gained

4. Is QED working with the regulators to gain wider acceptance for MicroPurge?

QED has made presentations on MicroPurge to many state agencies, eight EP'A regions,
and numerous industry conferences and seminars. We will continue to make these
presentations to additional agencies and groups as needed. Additionally, we are
occasionally asked to comment on state and EPA documents on sampling and
MicroPurge methods. If you need regulatory support in your territory, contact QED for
information

Questions about sampling equipment and MicroPurge sampling

1, What type of sampling devices aiv acceptable for MicroPurge sampling?

Low-flow sampling is not restricted to a particular type or brand of pump; any device that
can reliably operate continuously at very low flow rates from the sampling depth required
can be used. Of course, consideration should be given to ease of flow rate adjustability,

hitn-faavw Asdeny comdresources/nroducts/mourge faa.html Ti1/2003
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accuracy and precision of sampie quality. and long-term operation and maintenance
costs. Generally, 1t is best to use a device that is specifically designed for ground-water
sampling a low flow rates. Of these devices, bladder pumps typically provide the best
combination of accuracy, ease cf use and reliability, and are widely accepted by
regulators for ail groungd-water sampling applications.

2. Why can't bailers and inertial-lift pumps be used for MicroPurge sampling?

As stated In the U.S EPA's Grouna Water issue paper an iow-flow sampling, "MosL ol lhe
need for purging has been found to be due to passing the sampling device through the
overlying casing water, which causes mixing of these stagnant waters and the dynamic
waters within the screened interval.” Bailers and inertial-lift pumps cause this mixing.
dramatically increase turbidity, and can introduce uncontrolled operator variability. Due to
the disturbance these devices create in the sampling zone, they are considered

inappropriate for MicroPurge sampling.

3. Can | use a portable pump for MicroPurge sampling, or is dedicated equipment

required?

While portable pumps can be used for low-flow sampling, the choice between dedicatad
and portable pumps will have the greatest impact on the time required to achieve
parameter stabilization and the resulting purge volume generated. Portable pumps will

Causs some mixing of the stagnant and dynamic water zones and resuspensinn of salids

tnat have settled m the well, directly affecting the time required for purging, by as much
as 50-100% or more Besides reducing the purging time and volume. dedicated pumps
surther reduce sampling tme ana control £osis by reducing squipment sef-up, ehminating
decontamination and eguipment blank samples, and improving sample consistency and
method cantrol Dedicated equipment is strongly racommended for welis that will undergo

roubne samgpling over ime

4 1s a flow cell required for MicroPurge, or can separate instruments be used?

To successfully accomplish taking readings when low-rate purging, a flow celi is the only
practical way to measure multiple parameters in short time intervals. If passive sampling
is used, stabiiization is not an issue and separate instruments could be used, especially
where the purge volume 1s insufficient to §il the cell. Systems such as QED's MP20 Flow
Cali can measure up to six parameters gmultaneocusly, and 10U frames of data can be
automaticaily saved for review and recording, saving time in field data management

5. How often do you calibrate the Flow Cell?

It's important to distinguish between checking calibration and calibrating. Catibration of
the pH, conduchvity and dissolved oxygen should be checked each time the MP20 Flow
cell is used, usuaily at the beginming of each day. The MP20 will held its calibration for a
long time compared to some Instruments, but should be recalibrated when checking

indicates inaccurate readings

7/1/2003
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6. Is there a chance of cross-contamination when using the Flow Cell?

Samples are usually taken upstream of the MP20 Flow Cell, so cross-contamination of
samples shouldn't occur. This can be done by either by disconnecting the tubing before
sampling or using an optional in-ine T fitting and valve assembly. Using the T fitting will
decrease the flow through the cell, and may affect reading values during sampling.

| hon Aiwway gedeny.com/resources/broducts/mpuree fag html 7/1/2003
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Conversion Factors, Vertical Datum, Acronyms, and Abbreviations

Tool squared per day (ft*rd)
callon per munute (gak/imin)
gallon per day {galid)

inch per vear (infyr)

Multiply By To obtain
Length
mch {(in) 54 millimcter
foot (f1) 03048 meter
miie émi) 1 609 kilometer
Arcu
square nule (mr') 2,550 squarc kilometer
Flow
tool per day (ftid) 0 3048 meter per day
(309294 meter squared per day
0 06308 hiter per sceond
G 003785  cubic meter per day
254 millimeter per year
tolume
eallon (gal) 3785 hter
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Temperature 15 given in degrees Celsius (°C 1 which ean converted o degrees Fahrenheit {°F) by 1he follow g equanon, °F = 975 (°Ch -+ 32

Sew fevel reters w the Nunonal Geodeuc Vertical Datum ol 1929 (NGVD of 1929)—a geodetic darem derned fons o general adjastinent of
the tirst-arder level nets of the United States and Canada, formerly called Sea Level Datum of 1929

Chemical concennation wnowater s expressed inmetne anits as milligrams per Liter (mg/L) or macrograms per hter (ppdt.)

Additional Abhreviations

tpp L2-Dibromomethane
AFCEE A borce Center tor knvironmental Excellence
eDCE as-1.2-Dabromoegthene
#%d  cubic feet per day
img  cubie teer per milligrum
“C degrees Celsius
¢ gram
ITRT  Torersiate fechndopy Repulatory Cooperation
LDPE  low-density polverhylens
L her
g microgram
pm micrometen
ulL  mucrahier
mg  mulhgram
mi.  anlhlhter
mbL/min  millilter per minute
MTBE  Methyl-rerr-butyl ether
NAVEAL  Naval Facilities Engineering Cumnnmanl
NAPL  non-aqueous phase lquid
PDB  passive diffusion hag
I'CE  etruchlorocthene
TCE  Tnchloroethene
UsEPA  US Environmental Prolection Agency
118GS 1S, Geological Survey
VOA  Volatle organic analysis
VOC  Volatile orgame compouad
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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 Controi and Assurance

By Don A. Vroblesky

EXECUTIVE SUMMARY

Water-filled passive diffusion bag (PDBj samplers
described in this report e suitable for oblaining con-
centrations of a variety of volaule organic compounds
(VOCs) in ground water at monitoring wells. The sug-
gested apphication of the method s for long-term moni-
tormng of VOCs in ground-water welis at well-
characterized sites.

The clfectvencss of the usc of a single PDD
sampler im a weil 1s dependent on the assumption that
there 1s horizontal fiow through the well screen and
that the quahty of the water js representative of the
ground water in the aquifer directly adjacent 1o the
screen. !f there are vertical compenents of intra-
bore-hole Mlow, multiple intervals of the formation
contributing 1o flow, or varymg concentalions of
VOCs vertically withi the scieened ar open imierval.
then a multiple deployment of PDB samplers within a
well may be more appropriate for sampling the well.

A typical PDB sampler consists of a low-density
polyethylene (LDPE) lay-flat tube closed at both ends
and containing delonized water. The sampier 18 POsi-
ioned at the target horizon of the well by attachment to
a weighted line or fixed pipe.

The amount uf tie thut he sanpler should be
left 1n the well prios to recovery depends on the ime
required by the PDB sampler to equilibrate with ambi-
ent water and the time required for the environmental
disturbance caused by sampler deployment to return to
ambient conditions. The rate that the water witlia the
PDR sampler cquilibrates with ambient water denends
on multiple factors. including the type of compound
being sampled and the water temperature The
concentrations of benzene. cis-1.2-dichlorocthene.

tetrachlorethene. wichloroethene, toluene, naphthalene,
1.2.dibromoethane. and total xylenes within the PDB
samplers equilibrated with the concentrations inan
aqueons mixtuie of those compounds surrounding
the samplers under laboratory conditions within
approxamatcly 48 hours at 21 degrees Celsius (°C).
A subsequent laboratory study of mised VOCs at 10 °C
showed that tenrachloroethene and tnchiorocthene were
equihibrated by about 52 hows. but other compounds
required lenger cquiabiation imes {hloroethane,
rive1.2-dichloroethene, & ans-1,2-dichloroethene, and
1.1-dichlorocihene were not cquilibrated at 52 hours.
but appeared 1o be cquitibrated by the next sampling
poing at 93 hours. Vinyl chioride, 1.1, 1-trichlorocthanc,
2-dichloroethane. and 1.1-dichioroethane were not
equiltbrated at 93 hours, but were equilibrated by the
next ~ampling point @1 166 hours. Different equilibra-
tion times may exist for other compounds. Differences
in equilibrauon mes, if any. between simgle-solute or
mixed VOC solutions have not vet been thoroughly
examined

The samplers should be left in place long enough
for the well water, contarmimnant distribution, and flow
dynamics to restabilize following sampler deployment.
Laboratory and ficld data suggest that 7 weeks of equili-
bration probably 1s adequate for many applications;
therefore, a minimum equilibsation tme of 2 weeks is
sugpested. In less permeable formations. longer equili-
bration tmes may be required When applying PDB
samplers 1n waters colder than previously tested
{10 °C) or for compeunds without sufficient corrobo-
rating duta. a side-by-side comparison with conven-
ional methodology 15 advisable to justify the ficld
equilibration time.

Executlive Summary 1



Followmg the initial cquilibration period, the
samplers maintain equilibrium concentrations with the
ambient water until recovery. Thus, there 18 no specificd
tme for sampler recovery after initial equilibration.
PDRB samplers routinely have been left in ground waters
having concentrations of greater than 500 parts per
million (ppm) of trickiorocthene for 3 months at a time
with no toss of bag integrity. and at onc site. the PDB
samplers huve been lefi in place in VOC-rantammated
ground water for 1 vear with no reported loss of sumpler
integrity. The eflects of long-term (grealer than 1 month)
PDB-sampler deployment on sampler and sample micy-
rity have not yet been thoroughly tested for a broad
range of compounds and concentrations, however
Moreover, in some environments, development of u
biofilm on the polyvethylene may be a conscquence of
long-term deployment, Investigations of semipermeable
membrane devices ( SPMDs) have shown that the trans-
fer of some compaounds across a heavily bivfouled puly-
cthylene membrane may be reduced, but not stopped.
If a heavy organic coatmg is observed ona PDB
sampler. 11 is advisable to determine the integnty of the
sample by comparison o a com entional sampling
method before continuing 1o use PDB samplers o
long term deployment m that well

Recovery eonsists of semoving the sanplers
fram the well and immediately uansferrng the
enclosed water to 40-milliliter sampling vials for anal-
ys15. The resulting concentralions represent an integra-
tion of ¢chemical changes over the most recenl porion
of the cquilibration period (approximalely 48 10 166
hours. depending on the water semperature and the
type ol compound).

The method has both advantages and linulations
when compared to other sampling methods, Advan-
tages nclude the potentiat for PDB samplers to climi-
nate or substantially reduce the amount of pusge water
assoctated with samphng. he samplers are relutively
tnexpensive and casy to deploy and recover. Because
PDB samplers are disposable, there is no downhole
equipment w by decontaminated between wells, and
there is 2 minimum amount of field equipment
required. The samplers also have the potential 1o
delineate contaminant stratification in the formation
across the open or sereened intervals of monitoring
wells where vertical hydraulic gradients are not
present, In addition. the samplers integrale concen-
trutions over time. which may range between about
48 10 166 howrs depending on the compeund of
interest Because the pore size of LDPE is only abowt
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10 angstroms or less, sediment does not pass through
the membrane into the bap. Thus, PDB samplers are
nut subject to interferences from turbidity. In addition,
none of the data collected suggest that VOCs leach
from the LDPE material. ar that there is a detrimental
effect on the VOC sample from the PDB matenal.

Water-filled polyethylene PDB samplers arc not
apprapriate for all compounds. The samplers are not
sultable fut inviganic ions and have a hmited applica-
bitity for non-VOCs and for some VOCs. For example
although methyl-rerr-butyk ether and acetone and most
scmivolaule compounds are transmutied through the
polvethylene bag, laboratory tests have shown that the
sesulting concentrations were lower than in umbient
water. A vancty of factors influence the ability of
compounds 10 diffuse through the poivethylenc. These
factors include the molecular size and shape and the
hydrophobic nature of the compound  Unpublished lab-
oratory 1est data of seisvolatile compounds m contact
with PDB samplers showed a higher concentration of
phthalates inside the PDB sampler than owtside the
PDB sampler, sugpesting that the polyethylene may
contribute phihalates to the enclosed water Thus, the
samplers should not be used 10 sample for phihulates,

VOO concentrations m PDB samplers represent
concentraions i the vicity of the sampler within the
well screen or open interval, This may be a hmation
for PDB samplers and some other types of sammpling.
such as low-flaw sampiing, 1t the ground-water
contamination is above or below the sereen or not in
the sample intervals providimg water movement to the
PDB samplers. [T therc is a verticat hvdrauhe gradient
i the well, then the concentrations in the sampler may
represent the concentrations in the water flowing verti-
cally past the sampler rather than i the formation
directly adjacent to the sampler. Verucally spaced
multiple PDB samplers may be needed in chemically
stratified wells or where flow paticrns through the
sereen change as a result of pround-water pumping or
scasonal water-fevel fluctuations.

The purposes of this document arc 10 present
methods for PDB sampler deployment, and recovery;
1o discuss approaches to determine the applicanlity of
passive diffusion samplers; and to ciscuss various
factors influencing mterpretation of the data The
tended audience for the methodology sections of this
report is managers and ficld personncl involved in using
PDB samplers. The discussion of passive diifusion
sampler applicability and interpretation of the data s

User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtan Velatile Orgamic Compound
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suited for project managers. technical persormel, and the
regulatory community. Part 2 of this report presents case
studies of PDB sampler field applications.

INTRODUCTION

The use of PDB samplers for cotlecting ground-
waler samples from wells offers a cost-effective
approach to long-term montoring of VOCs at well-
characterized sites (Vroblesky and Hyde. 1997: Gefell
and others, 1999). The effectiveness of the use ofa
single PDB sampler in & well 1s dependent on the
assumption that therc 1s honzontat flow through the
wi'll sereen and that the quality of the water 1s repre-
sentative of the ground water in the aquifer duectly
adsacent 10 the screen 1f there are vertical components
of intra-harehale flow. multiple intervals of the forma-
non comtributing to flow. or varving concentraiions of
V(s verucaily wiihin the screened or open wmierval,
then deplovinent of multiple PDB samplers within a
well may be more appropriate for sampling the well

The samplers consist of dewomzed water
encloscd 1 o LDPE slecve (fig. 1) and are deploycd
adjacent 10 a targel horizon withm a screcned o1 open
mterval of a well The supgested applhication 1s for
long-lerm monitonag of VOCs in ground-water welle
Where the sereened interval 1 greater than 10 feet (i,
the potentiat for contaminant stratification and:or intra-
horehole flow withip the screencd 1iter val i icater
than m screencd intervals shorter than 1 fU 11 is smpor-
(znt that the vertical disinbution of contammnants be
determined 1a welis having 10-N-long well sereens.
and that both the vertcal distnbution of contaminants
and the potential for intra-borehole flow be determined
in wells having screens onger than 10 fi. For many
VOCs of environmental mterest (lable 1), the VO
concentration in water within the sampler approaches
the VOC concentration in water outside of the PDB
sampler over an equilibration period. The resulting
concentrations represent an integration 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 18 inexpnsive and has the
potential to climinate or substanuially reduce the
amount of purge water removed from the well.

A variety of PDB samplers have been utilized in
well applications (fig. 1). Although the samplers vary
in specific construction details. 4 (ypical PDD sampler
consists of a 1- to 2-fi-long LDPE tube closed at both
ends and containing laboratory-grade deionized water
{fig. 1). The typical diameter for PDB samplers used o
a4 2-inch-dhameter well 1s approximately 1.2 inches;
however. other dimensions may be used to match the
well diameter Equilibration times may be longer for
farger diameter PDB samplers On the outside of the
PDB sampler, & low-density polvethylene-mesh some-
fimes 1s used for protection against abrasion in open
bereholes and as a means of attachment at the pre-
seribed depth The PDB samipler can be positioned at
the target hotzon by attachinent 1o a weighied line or
by attachment 10 a fixed pipe.

PDD samplers for use in wells are available
commerctally. Autharized distributors as of March
2001 are Columbia Analvtical Services (800-695-7222:
wwwicaslab.com) and Eon Products {800-474-2490,
wws_conpro.com) A current hist ol vendors and
PDB-sampier construction details can be obtained
from the U 5. Geologivud Swivey Techoology Transfer
Enterprise Office. Masl Swop 211 National Center,
17201 Sunnge Valley Drive. Reston, Virginia 20192
{1elephone 703-648-4344, tax 703-643-3408). PDB
samplets employ patented technology (U.S. patent
number 5.804.743), and therefore. require that the user
puichase commercially produced samplers from a
licensed manufacturer or purchase a nonexclusive
license for sampler construction from the U S.
Geological Survey Technology Enterprise Office at
the above address.

The putpases of this documeni are (0 present
methods for PDB sampler deployment, and recovery,
to discuss approaches for determining the applicability
of possive diffusion samplers; and to discuss varions
factors mfluencing interpretauon of the data. The
intended audience for the methodology sections of this
seputt is managers and fickd personnel inveived m
using PDB sampiers. The drscussion of PDB sampler
applicabilny and mierpretation of the data 15 suited for
project managers, elimeal pes sunnel, and the regula-
tory communsty. Part 2 of this report presents casc
studies of PDB-sampler field applications

Introduction 3



876 213

B G 13

B
T ey (e G
oy

o
o

L TR
-

Figure 1. Typical water-filied passive
diffusion bag samplers used in wells.
including (A) diffusion bag with
pelyethylene mesh, (B) ditfusion bag
withoot mesh, and {C) bag and mesh
attached to baler bottom,
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Table 1 Compounds tested under laboratory conditions for use with passive diffusion bag samplers
[From Vroblesky and Campbell, 2001]

Tested compounds showing good correlation (average differences 1n concentration of 11 percent or less
between difusion-sampler water and test-vessel water) in faboratory tests

Bensene 2 Chloreviny] cther ¢is-1.2-Dichloroctheny 1,1.1-Trichloroethane
Bromoedichloromerhane Dibramochloromethane rrens-1.2-Dichlerocthene 1.1.2-Trchlorocthane
Bromotorm Dibromomethane 1,2-Dschlorapropanc Trichioroethene
Chiorobenzene 1.2-Dichlorobenzene cis-Inehloropropene Tiichluulluwreomethane
Carbon tetrachioride 1,3-Dichlorabenzene 1.2-Dibromoethane 1,2.3-Tnchloropropane
Chlosocthane 1 Jl-Dichlorobenzene trans- L. 3-Dichloropropene 1.1.2.2-Tewrachloroethane
Chieralorm Irchlorodi Quorome e Ethyl benzene Tetrachlorarthene
Chloromethane 1.2-Dichlorocthane Naphihalene Vinyl chloride
|.1-Dichloroethene Toluene Total xylenes

Tested compounds showing paor carrelation (average differences in concentration greater than 20 percent
between diffusion-sampler water and test-vessel water) in laboratory tests

Averene® Muthiyl-test-butyl cthes Styrene
I Sianecamd § § Baghel, Guoeral Eleetre Company , woiten commun,, 2004

User's Gude for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound Concentralions in
Wells— Part 1- Deployment, Recovery, Data Interpretation, and Qually Control and Assurance
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Summary of Passive Diffusion Bag Sampler
Advantages and Limitations

Advaniages

1. PDB:samplers have the potential to eliminate
or suhstantially reduce the amount of purge water asso-
ciated with sampling.

2 PDB samplers are inexpensive.

3 The samplers are easy 10 deploy and recover

4. Because PDB samplers are disposabie, there 18 no
downhole equipment to be decontaminated between wells

3. A minimal amount of field equipment is required.

6. Sampler recovery is rapid. Because of the small
amount of time and equipment required for the
sampling event. the method is practical for use where
access is a problem or where discretion 1s desirable (that
is. residential communities, business districts, or busy
streets where vehicle traffic control 1s a concern).

7. Muluple PUB samploers, distributed vertically
along the screened or open mterval, may be used in
comunction with borehole flow meter testing to gam
insight on the movement of contaminants into and out of
the well screen or open mterval or to locate the zone of
highest concentration in the well Analytical costs when
ssng multiple PDR samplers somenumes can be reducer
by selecting a limited number of the samplers for labora-
tory analysis based on sereening by using field gas chro-
matography at the ime of sample collection.

8. Because the pore size of LDPE 15 only about
10 angstroms or less, sedument does not pass through
the membrane into the bag Thus, PDB samplers are not
subject 10 interferences from turbidity. In addition. none
of the data collected suggest that VOCs leach fiom the
LDPE maleriai or that there is a detnimental effect from
the PDE matenal on the VOU sample.

Limitations

1. PDE sumplers integrate concentratinng aver
time. This may be a limitation if the goal of sampling 1s
1o collect a representative sample at a point 1 time 1n an
aquifer where VOC-concentrations substantially change
more rapidly than the samplers equilibrate. Laboratory
results obtained mdicate that a variety of compounds
equilibrated within 48 hours at 21 °C (Vroblesky and
Campbell, 2001). Viny] chloride. 1.1 1-tnchlorocthane,
1.2-dichlorocthanc, and 1,1-dicilorocthane may require
between 93 and 166 hours 1o equilibrate at 10 °C
(T M. Sivavec and S.5 Baghel. General Electric
Company. writien commun ., 2000) The initial equili-
bration under field condiions may be longer to atlow

well water, contarninant distribution, and flow dynamics
10 restabilize following sampler deployment.

2. Water-filled pulyethylene DD samplers arc
not appropriate for all compounds. For example,
although metbyl-rerr-butyl ether and acetone
(Vioblesky. 2000; Paul Hare, General Electric
Company. oral commun.. 2000) and most semivolatile
compounds are transmitied through the polyethylene
baw. laboratory tests have shown that the resulung
concentrations were lower than in ambient water.

A variety of factors influence the ability of compounds
to diffuse through the polyethylene membrane. These
factors include the molecular size and shape and the
hydrophobic nature of the compound. Compounds
having a cross-sectional diameter of about 10
angsiroms or larger {such as humic acids) do not pass
{hrough the polyethylene because the largest {transient)
pores m palvethylene do not exceed about 10 angstroms
w diameter (Tlynn and Yalkowshy, 1972: Hwang and
Kammermever. 1975: Comyn. 1985). The sarplers are
not appropriate for hydrophilic polar molecules. such as
inorganic jons A detailed discussion of the relation
between hvdrophobicsty and compound transpoi
through polyethvlene can be found in Gale (1998).
Linpublished taboratory test data (D A, Vroblesky. LS.
Geolopical Survey. written commun . 1998) of semi-
volattle compounds in contact with PDB samplers
showed a mgher concentrauon of phthalates inside the
PDH sampler than outside the PDB sampler. suggesting
that the polvethvlene may contribute phthalates to the
enclosed water, Thus, the samplers should not be used
10 sample for phihalaecs.

3. PDB samplers rely o the free movement of
water through the well screen. [n situanions where
ground water flows horizontally through the well screen.
the VOC concentrations i the open nterval of the well
probably arc representative of the aquifer water in the
adjacent formation (GslTham and others, 1985 Rohin
and Guliham. 1987: Kcarl and others, 1992, Powell and
Puls, 1993: Vroblesky and Hyde, 1997). In these situa-
tions. the VOC concentration of the water in contact
with the PDB samplcrs, and therefore, the water within
the diffusion samplers. probably represents Jocal condi-
tions 1n the adjacent aquifer However, if the well screen
15 less permcablc than the aquifer or the sandpack, then
under ambient condiuons, flowlines may be diveried
around the screen. Such a situanion may arise from inad-
equate well deveiopment ot from non bacietiyl fouding
of the well screen. In this case, the VOC concentrations
m the PDB samplers may not represent concentrations i
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the formation water because of inadequate exchange
across the well sereen. PDB samplers have not yet been
adequately tested to determine their response under
such conditions.

4. VOC concentrations in PDB samplers represent
ground-water concentrations m the vicinity of the
screened or open wel interval that move to the sampler
under ambient flow conditions. This is a linutation 1f the
ground-water contamination lics above or below the
well suieen or epen interval, and requires the aperation
of u pump 1o conducl contaminants nto the well for
sampling.

5. Iy cases where the well screen or open inter-
val transeets zones of differing hydraulic head and
variable contaminant concentrations, VOO concentra-
tions obtained using a PDB sampier may not reflect
the concentiations in the aguifer directly adjacem 1o
the sampler because of vertical transpart 1n the well.
However, a vertical array of PDB samplers, used in
conjunction with borchale flow meter testing. can
provide insight on the movement of contaminants into
or out of the well. This informauon then can be used 1o
help determne 10 the use of PDB saniplers 15 appropri-
ate for the well, and 1o seleat the optimal vertical
location(s) for the sampler deployment.

6. I wells with scicens o1 upren ntervals with
siratified chemical concentrations, the use of a single
P sampler set at an arbittary (by convention) depth
may not provide aceuate concentration values for the
most coniartinated zone, However, multiple PDB
sampters distributed vertically along the serecned or
open interval, m eonjunction with pump sampling
(as appropeiaie), can be used 1o tocate vonels) of high-
est cancentration sn the well, Multiple PDB samplers
also may be needed to track the zone of maximum
concentration in wells where flow patterns through the
sereencd interval change as a result of ground-water
pumping or scasonal water-table fluctuations.

PASSIVE DIFFUSION BAG SAMPLER
DEPLOYMENT

A variety of approaches can be used to deploy
the PDB samplers in wells. A typical deployment
approach. described in this scction, 1s o attach te
PDB samplers to a weighted hne. Tt also is acceptable
10 attach the weights directly to the PDB sampier if the
astachment poini 1s of suthicient strength wsupput the
weight. The weights attached 10 the bottom of the
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line are stainless steel and can be reused, but must be
thoroughly decontaminated with a detergent before the
first usc or before using in a different well. Rope, such
as 90 pound, 3/16 inch brawded polyester. can be used
as the line for single-use applications if it ts of suffi-
cient strength to support the weight and sampler, 18
nonbuoyant, and is subject to mmimal stretch: how-
ever. the rope should not be reused because of the high
potential for cross contamnation Siamnless-stecl or
Teflan-coated stainless-sicel wire 1s preferable The
weighted Jines should not be reused in different wells
10 preveni carryover of contaminants. A possible
exception is coated stamliess-sicel wire, which can be
reused after sufficient decontamination An alternative
deployment approach. not discussed in this section, is
to attach the PDB samplers 1o a fixed pipe in the well
(Vrablesky and Peters. 2000. p 3: also included in Part 2
of this publication). The PDB samplers should not con-
tact non-aqueous phase liquid (NAPL) during deploy-
ment or retrieval ta prevent cross contammanon, An
approach that can be utlized 1o deploy diffusion sam-
plers through a layer of ftoating NAPL 1s described in
the field test a1t Naval Stauon North Jsland, California
(Vroblesky and Peters, 2000, p. 3-4. also meluded in
Part 2 of this publication).

1f the PDIB sampler is 10 be compuicd widra
conventional pumping approach 1o sumplhing. then 1t 1s
suggested that both the pump snd the PDB sampier be
deployed at the same time, with the samplo attached
near (such as directly below) the punp inlet. This
approach eliminates potential concentration differences
between the two methods that may resull from well
disturbance during equipment removad and deploy-
ment at the tune of sampling An alternative method 1s
to deploy the PDB samplers independently of the
pumps and recover the samplers immediately prior 1o
placing the pump down the well

PDB samplers are available either prefilled
{field ready) with laboratory-grade detonized water or
unfilled. The unfilled samplers are equipped with a
plug and funnel 1o allow for ficld flling and sample
recovery. To fill these samplers. remove the plug from
the sumpler bottom. nsest the short funnct into the
sampler, and pour laboratory-grade deionized water
imto the samplet. The sampler should be filled unul
waiter rises and stands at keast half way into the funncl.
Remove excess bubbles from the sampler, Remove the
funncl and reattach the plug A small air bubble from
the plug 1s of no concern.

6 User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound
Concentrations in Wells—Part 1; Deployment, Recavery, Data Interpretation, and Quality Control and Assurance
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The following steps should be used for deploying
PDB samplers in wells:

1. Measure the well depth and compare the
measured depth with the reported depth to the bottom
of the well screen from well-construction records. This
is to check on whether sediment has accumulated the
bottom of the well, whether therc is a nonscreened
scetion of pipe (sediment sump) below the well screen.
and on the accuracy of well-construction records. If

there is nn uncertminty regarding fength or placement of

the well screen, then an independent method. such as
video imaging of the well bore, 15 strongly suggested.

2. Atach a stainless-stee] weight to the end of the
line. Sufficient weight should be added to counterbal-
ance the buoyancy of the PDB samplers. This is
particularly important when multiple PDB samplers are
deployed. One approach. discussed in the fotiowing
paragraphs, 15 10 have the weight resting on the botiom
of the well, with the line tznat shove the weight. Alierna-
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 sesult from swretching or shpping of the line
or, f multiple samplers are attached end-to-end rather
than 10 a weighied line, stretching of the samplers

3. Calcutate the distance fiom the bottom of the
well. or top of the sediment 1 the well, up 10 the point
where the PDB sampler is 1o be placed A vanety of
approaches can be used to attach the PDB sampler o
the weight or weighted linc at the target horizon, The
field-filtable tvpe of PDB sampler is equinped with a
hanger assembly and weight that can be shd over the
sampler body unnl it rests securely near the bottom of
the sampler When this approach 1s used with muluple
PDB samplers down the same borehole, the weight
should only be attached 10 the lowermost sampler.

An additional option is to use coated statnlcss-steel
wire as a weighted line, making loops at appropriate
points to attach the upper and lower ends of PDB
samplers. Where the PDB sampler position varies
between sampling events, movable clamps with rmgs
can be used. When using rope as a weighted line, a
sunple approach s to tic knots or attach clasps at the
appropriate depths. Nylon cable ties or stainless-steel
clips inserted through the knots can be used to sitach
the PDB samplers An approach using rope as 4
weighted hne with knots tied at the appropriaic
sampler-attachment ponts 15 discussed below.

{a) For 5-ft-long or shorter well screens, the
cenier point of the PDB sampler should be the
vertical midpoint of the saturated well-screen
length. For example, 1f the well screen s at &
depth of 55 to 60 ft below the top of casing, and
the measurcd depth of the well is 59 fi, then the
bottom of the weil probably has filled with sedi-
ment, In this case, the idpoint of the sampler
betwren the attachment points on the Iine will be
midway between 35 and 39 fi, or at 57 fi. Thus,
fora |.3-fi-long sampier, the attachment points
an a weighted hine should be ved at distances of
§.25 ft (2 fi—0.75 fiy and 2.75 f (2 ft + 0.75 1)
from the top of the sediment in the well, or the
bottom of the well, making adjustments tor the
length of the anached weight. When the PDB
sampler 15 aitached 10 the linc and installed 1 the
well. the center of the sampler will be at 57-ft
depih I, however., independent evidence 18
svaslable show ing that the lnghest concentration
of contannnants cners the well from a specific
zone within the screencd tnterval. then the PDB

sampler should be pusitioned at that mmten al

ib) For 3- to 10-fi-long well screens, it1s
adh isable to utilize multiple PDB samplers vert-
cally along the length of the well screen for at
lenst the mitiad sampling (fig. 2). The purposes of
ihe mulupic PDB samplers are to deternmmine
whether comannant stratificanson is present and
10 locate the zone of highest concentration. The
midpoint of cach sampler should be positioned at
the nudpont of the imerval to be sampled. For
}.5-fi-long samplers, at each sampling depth in
the screened mtervai, make two attachment
points on the weighted hne ata distance of about
1.5 ft apart. The attachment points should be
pesitioned along the weighted line at a distance
from the bottom end of the weight such that the
midpont between the knots will be at the desired
sampling depth along the well screen. Sampler
ntervals are variable, but a simple approach is to
use the 1op knot/loop of one sampler mterval as
ihe Lutiom hnei/loop for the overlying sampler

interval.
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Figure 2. Example of multiple PDA
samplers prepared for deployment,
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the line can be attached directly to the top of the
sampler. PDB samplers vtilizing an outer protective
mesh can be attached to a weighted line by using the
followng procedure.

{c) PDB samplers should not be used in wells
having sereened or apen inteivals longer than
i0 ft unless used in conjunction with borehoie
flow meters or othe! techmigues 1o characierze

vertical variability in hydraulic conductivity and
conmaminant distribution or used stricily for
qualitative reconnaissance purposes, This 1
because of the increascd potential for cTuss con-
tamination of water-bearing zones and hydrauli-
cally driven mixing effects that may cause the
contaminant stratification in the well to ditfer
from the contaminam staufication in the adja-
cent aquifer material. If it is necessary to sample
such wells, then multiple PDB samplers should
be installed vertically across the seraencd or
open interval to determine the zane of highest
concentration and whether contaminant suatifi-
cation g present

4. The samplers should be anached to the
weights or weighted hine at the time of deployment.
For samplers utilizimg the hanger and weight assembly.

{2) Insert cable ties through the attachment
points i the weighted line.

(b} At cach end of the PDB sampler, weave
the ends of the cablc ties or clamp through the
L PDE mesh surrounding the samipler and tighten
the cable tics. Thus, each cnd of the PDB
sampler will be attached 1o a knot/loop in the
weighted line by means of a cable ue or clamp.
The cable ties or ¢clamps should be positioned
through the polyethylene mesh in a way that
prevents the PDR sampler from skiding out of the
mesh.

{c) Trim the excess from the cable ue before
placing the sampler down the well Cautton
should be excicised 1o prevent sharp edges on
the trimmed cable tes that may puncture the

LDPE.
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5. When using PDB samplers without the protec-
tive outer mesh, the holes punched at the ends of the
bag, outside the sealed portion. can be used to attach
the samplers to the weighted Jine. Stamlcss-steel spring
clips have been found to be morc reliable than cable
ties 10 this instance, but cable ties also work well.

6. Lower the weight and weighted line down the
well unti the weight rests on the bottom of the well
and Use lin above the weight is taut The PDB
sumplers should now be positioned at the expecled
depth A check on the depth can be donc by placing a
knot or mark on the line at the correct distance from the
1op knot/loop of the PDB sampler 1o the top of the well
casing and checking to make sure that the mark aligns
with the lip of the casing afier deployment.

7. Sccure the assembly in this position. A sug-
gested method is 1o aitach the weighted line to a hook
on the mnside of the well cap. Reattach the well cap.
The well should be sealed in such a way as 10 prevent
surface-water ipvaston. This is particutarly nnportant
in flush-mounted well vaulls that are prone 1o flooding.

8. Allow the system 1o remain undisturbed as the
PDR samplers equilibrate.

PASSIVE DIFFUSION BAG SAMPLER AND
SAMPLE RECOVERY

The ameunt of time that the sampiers should be
left 1n the well prior to recovery depends on the time
required by the PDB sampler to equilibrate with ambi-
ent water and the ume required for envizonmental
disturbances caused by sampler deployment to return 1o
ambient condstions. The rate that the wader within the
PDB sampler equilibrates with ambient water depends
on multiple factors, including the type of compound
being sampled and the water temperature The concen-
trations of benzene. cis-1 2-dichlorocthene (¢DCE),
tetrachlorcthene (PCE), richloroethene (TCE). tolu-
ene. naphthalene, 1,2-dipromoethane (EDB), and total
xylenes within the PDB samplers equilibrated with the
concentalions 0 an aqucous mixture of those
compounds surrounding the samplers under laboratory
conditions within approximatety 48 hours at 21 °C
(Vroblesky and Campbell, 2001} A subscquent labora-
tory study of mixed VOCs at 10 °C showed that PCE
and TCE werc equilibrated by about 52 hours, but other
compounds Lequired longer equilibration times (T M.
Spvavee and S S Baghel. General Electric Company.
written commun.. 20003 Chlorocthane, cDCE., wrans-

1 2-dichloroethenc. and 1.1-dichioroethenc were not

equilsbrated at 52 hours, but appeared to be equihbrated
by the next sampling point at 93 hours. Vinyl chlorde,
1,1.1-uschlorocthane, 1,2-dichloroethane, and 1,1-
dichloroethane were not equilibrated at 93 hours, but
were equilibrated by the next sampling point at 166
hours. Different equilibration times may cxist for other
compounds Differences n equilibration times, if any,
between single-solute of mixed-VOC solutions have
not vet been thoroughly examined.

Under field conditions. the samplers should be
lefl in place long enough for the well water, contami-
nant distribution, and flow dynamics to restabilize fol-
Jowing sampler depioyment The results of borehole
dilution studies show that wells can recover io 90 per-
cent of the predisturbance conditions within minutes to
several hours tor permeabic to highly permeable peo-
logic formations. bul may require 100 to 1.000 hours
(4 to 40 days) in muds, very fine-grained loamy sands.
and fractured ook, and may take cven Jonger in frac-
tured shales. recent Joams, clays. and slightly fractured
sohid 1gneous rocks {Halevy and others, 1967).

in general. where the rate of ground-water
men ement past o diffusion sampler is high, equilibra-
tion tunes through vanous membranes commonly
range fram a few hours to a fow days (Mayer. 1976:
Harringlon and others. 2000y Onc field investigation
showed adequate equilibralion of PDB samplers 1o
aquifer inchlorocthene (TCL ) and carbon tetrachioride
(C'Ty concentrations within 2 days n a highly perme-
able aguifer (Vrobiesky and others, 1999). In other
mvestigations. PDB samplers recovered afler 14 davs
were Tound to be adequately cquilibrated 10 chionmnaled
VOCs (Obrien & Gore Engineers. Inc.. 1997a, 1997b:
Hare, 2000); thercforg, the equlibration period was
jess than or equal to 14 days for those field conditions.
Because it appears that 2 weeks of equilibration proba-
bly 15 adequate for many applications, a minimum
cquilibration tme of 2 weeks is sugpested When
applying PDB samplers in waters colder than previ-
ously tested (10 °C) or for compounds without suffi-
went corroborating ficld data, a side-by-side com-
parison with conventional sampling methodology 15
advisabie 1o justify the field equilibration time.

In less permeable formations, longer cquilibra-
tion tsmes may be required. Jt is probable that water im
the well bore eventually will cquilibrate with the pore-
water chemistry; however, if the rate of chemical
change or volatilization Joss 1n the well bore exceeds
the rale of exchange between the pore water and the
well-kore water. then the PDB samplers may under-

Passive Diffustan Bag Sampler and Sample Recovery 9



estimale pore-water concentrations. Guidelines for
cquilibration times and applicability of PDB samplers
in low-permeability funnatiuns have not yct been
established. Therefore, in such situations, a side-by-
side comparison of PDB samplers und conventiona!
sampling methadology is advisable to ensure that the
PDB samplers do not underestimate concenirations
abtamed by the conventional method. A detailed
discussion of diffusinn rates relevant to ditTusion
sampler equilibrium in slow-moving ground-water
systems can be found 1n Harrington and others {2000).

Following the mnial equihbranon peried, the
samplers maintain equilibrinm concentrations with the
ambient water until recovery. Thus, there 18 no speci-
ficd moximum time for sampler recovery PDR
samplers have routinely been left in ground wauters
having concentrations of greater than 500 ppm of TCE
for 3 months at a time with no loss of bag mtegrity. and
at one site, the PDB samplers have been left in place in
VOC-comtuminated ground water for | year with no
reported loss of sampler mtegrity (Paul Hare, General
Electric Company, oral commmun , 2000). The effects of
lang-term (prealer than 1 month) PDB-sampler deploy-
mient on sampler and sample imegrity have not vet
been theroughty tested for a broad range o1 compounds
and concentrations. Matcover, in some environments,
development of a bioiilm on the polvethylene may be a
vonsequence of long-term deployment, Investigations
of semupermeable membrane devices {SPMDs) have
shown that the nansfer of some compounds may be
reduced, but not stopped, acress a heavily biofouled
polyethylene membrane (Eihs and others, 19935,
Huckins and athers, 1996, Huckins and others. in
press). If a heavy organic coating is observed ona
PDB sampler. it is advisable to determine the integrity
ol the sample by comparing contaminant concentra-
tions from the PDB sampler to concentratons from a
conventional sampling method before continuing 10 use
PDB samplers for long-term deployment in that well.

Recovery of PDB sumplers is accomplished hy
using the following approach:

I Remove the PDB samplers from the well by
using the attached line, The PPRB saplers shuuld not
ire exposed 10 heat or agitated.

2, Examnine the suttaee of the PDB sampler tor
evidence ol algae, won or other coatings, and for teais
in the membrane Note the observations in a sampling
field book. If there are tears m the membrane, the

376

sample should be rejected. [f there is evidence that the
PDB sampler exhibits a coating, then this should be
noted in the validated concentration data.

3. Detach and remove the PDB sampler from the
weighted ine. Remove the excess liguid from the exte-
nor of the bag to minmmnze the potential for cross
contamination.

4, A variety of approaches may be used to trans-
fer the water from the PDB samplers to 40-mL volatile
organic 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 (.15 inches to reduce
volatihzation loss. Two options are presently available
to recover water trom the sample using discharge
devices. One option involves removing the hanger and
welght assembly from the sampler, inverting the
sarmpivn su that the 3 plug is pointed upward. and
removing the plug. The water can be recovered by
directly pouring in a manner that mininnzes agitation
o1 by pouring through a VOC-discharge accessory
nserted 1n place of the plug. The second appreach
involves piercing the sampler neur the bottom with a
small-dwameter discharge tube and allowing water to
flow through the tube into the VOA vials In cach case.
flow rates can be controlicd by nihing or manpulating
the sampler. Aliernatively. the PDDB sampler can be cw
open al one end using 5155018 01 other cutling devices
which have been decomaminated between use for
different wells. Water can then be transferred to 40-ml
YOA vials by gently pouning in a manner thal noni-
mizes water agitation. Aceeptablc duplication has been
obtained using cach 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 sichstantial change i the VOC
concentrations mn PDB samplers over the first severak
nunules after recovery; however, the water should be
transferred from the water-filled samplers to the
sample bottles immediately upon recovery

5. A cost-cffective alternaiive when using mulu-
ple PDB samplers in a single well 1s to field screen
water from cach sampler using gas chromatography
These results can be used 10 decide which of the muln-
ple PDB samplers should be sent to an EPA-approved
laboratory tor standard analysis, Typically. av least the
sample contamming the highest concenirabon should he
analyzed by a laboratory
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6. If a comparison 1§ being made berween
concentrations obtained using PDB sampiers and
concentrabions obtained using a conventional sampling
approach. then the well should be sampled by the
conventional approach seon after (preferably on the
same day) recovery of the PDB sampler The water
samples obtained using PDB sumplers should be sent
in the same smpment. as the samples collected by the
conventional approach for the respective wells. Utilizing
the same faboraluy inay reduce analvtical variabiliry

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

DETERMINING APPLICABILITY OF PASSIVE
DIFFUSION BAG SAMPLERS AND
INTERPRETATION OF DATA

When attempting to determumne whether the use
of PDB samplers is appropriate at 4 particular well. a
common approach is to do a side-by-side companson
with a conventional samphing method during the same
sampling cvemt This approach 15 strongly suggested in
welis having temporal concentralion variality. In &
well having relatively low tempeoral concentrabion van-
abiiity, comparison of the PDB-samplcr results 1o
historical concentralions may provide enough infor-
mation to determine whether the PDB samiplers are
appropriate for the well. In general. if bolh PDB and
conventional sampling produce concentrations that
agree within a range deemed acceptable by Tocal,
state. and Federal regulatory agencies and meet the
site-specilic dasa-qualily objectives. then 4 DB
sampler may be approved for use in that well to mon-
tor ambient VOC concentrations. 1f concenrations
from the PDB sampler are higher than concentrations
from the conventional method, 118 probable that
concentrations from the PDB sampler adequately
represent ambient conditions because there usually isu
greater potential for dilution from mixing during
sampling using conventional methods than during
sampling using PDB samplers

1f. however, the conventional method produces
concentrations that are significansly higher than those
ubtamed using the PDB sampler, then 1118 uncertain
whether the PDB-sampler concentrations represcni
local ambient conditions. 1n this casc. further testing
can be done to determine whether contaminant stranfi-
cation and/or intra-borehole Now is present Muluple
sampling devices can e used 1o determine the pres-

ence of contaminant stratification, and borehoie flow-
meters can be used to determine whether inira-
borehole flow is present. When using flowmeters 10
measure vertical flow in <creened boreholes, however,
the data should be considered qualitative because of
the polcntial for water movement through the sand
pack. Borehole ditution tests (Halevy and others, 1967,
Drost and others, 1968; Grisak and others, 1977:
Palmer, 1993) can be used 1o determine whether water
15 freely exchanged between the aquifer and the well
screen

Once the source of the difference between the
two methods 15 determined, a decision can be made
regarding the wall-specific uthty of the PDB samplers.
Tests may show that VOC concentrations from the
PDR samplers adequately represent local ambent
conditions within the serecned mtery al despue the
higher VOC concentration obtained from the conven-
nonal method This may be because the pumped
samples incorporated water contanimg highar congen-
rations exrther from other water-bearing zones induced
along inadequate weil seals or through fractured clay
vroblesky and others. 20004, from other water-bear-
ing 7ones not directly adjacent to the well screen a8 @
resuit of well purging priot to sampling (Vroblesky and
Petl.ow ich; 2000}, or from mixing of chemicaily strafi-
fied zones i ihe vicimity of the gcreened nterval
(Vigbleshy and Peters. 2000).

The miasag of waters from chemically stratified
zones adjacent to the sereened interval during pumping
prubably is one of the more important Sourees of
apparent differences peiween the results obtained from
POE samphng and cony ennonal saimpling because
such strautfication probably is common. Vertical stratl-
ficanon of VOCs over distances of a few fect has been
observed m aguifer sediments by using multlevel
sampling devices {Dean and others, 1999: Pitkin and
others, 1999). and considerable vartation in hydraulic
conductivity and water chemistry has been observed in
an aquifer in Cape Cod, Massachusetts, on the scale of
centimeters {Wolf and others. 1991; Smith and others
1991 Hess and others. 1992). Multiple PDB samplers
have been used to show a change in TCE concentration
of 1.130 (upg/L over a 6-i vertical screened interval in
Minnesota (Vroblesky and Petkewich, 2000). Tests
using PDB samplers 1 screened ntervals containing
vOC stratfication showed that the PDB-sampler data
appeated to be point-specific. whereas the pumped
sample mlegraled water ovel d jarge: interval {Vrobleshy
and Peters. 2000)

Determining Applicability of Passive Diffusion Bag Samplers, and interpretation of Data i




The decision an whether to use PDB samplers in
cuch situanons depends on the data-quality objectives
for the partscular site. 1f the goal is to determinc and
monitor ligher concentrations or to cxamine copami-
nant stratification within the screcned interval, then
the PDB samplers may meel thus objective. {f the goal
is to deternine the average concentrations for the
entire screened interval, then a pumped sample or an
average from multiple diffusion samplers way be
appropriate.

As an aid in the decision-making process, the
following scetion examines the influences that hydrau-
Jic and chemical heterogeneity of an aquifer can have
on sample gquahty m long-screened wells Because
VOO concentrations from PDB samplers commaoniy
are compared 1o YOC concentrations from other
sampling methodologics, the second scclion examings
the differrnees i sampie quality between these meth-
odologies in sutuations of hvdrautic and chemical
heterogencity,

Influences of Hydraulic and Chemical
Heterogeneity on Sample Quality in
Long Scroened Wells

Sampling biases and cheneal varability in

long-serecned welis, which can be logsely defined as
wells having significant physical and chemical hetero-
gencity within the sereened mterval and in the adja-
cent agufer (Reilly and Leblane. 1998), have been the
subicet of nuiicious invesuigatians. Sources of chemi-
cal vassability in such wells melude non-uniform flow
o weils | Rebbins and Masun-Hayden, 1991; Really
and Gibs. 1993: Chiang und others. 1995: Church and
Granuto, 1996: Reilly and LeBlane, 1998y, lithologic
heterogenetty (Reilly and others, 1989 Rohbins, 1989;
Manin-layden and others, 1991; Gibs and others,
1993; Reilly and Gibs, 1993). and m-well mixing.
In a well open acioss a chemically or hydraulically
heterogencous section of the aguifer. diiferences in
the sampling methodology can produce significant
differences 1 the sampling results.

Long-sereened wells have the potential to
redisiribute chemical constituents in the ayuifer
where there are vertical hydraulic gradients within the
cercencd inferval, Water can move mto the well from
ane horizon and cait the well at o different hariymm
{Church and Granato, 1996, Reitly and LeBlane 1998)
IT there 15 vertical low in the screened o open inter-
val. and the zane of Tow hydraulic head touflow from

12 Ugor's Guide far Palyethylene-Based Passive Diffusion B
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the well) is within the contaminated honzon, then the
PDB samplers (or any standard sampling mcthodol-
ogy} can undercstimate or not detect the contamina-
tion. The rcason 15 that, in this case, the contaminated
horizon does not contribute water to the well under
otatic conditions. Instead, water from other horizons
with higher hydraulic bead 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 contaminated zone Even when pumping
induces inflow from the contanunated milerval, much
of that inflow will be a retlection of the residual
invaded water from other horizons. In this situation,

2 substantial amount of purging would be required
betore water representattve of the aquifer could Le
obtained (Jones and Lerner. 19935}, Such sampling is
not likely Lo reflect a significant coniribution from the
contaminated zone, and cuncentrations in the contami-
nated zone probably will be underestimated.

Sinslarly, if VOC-contaminated water is flow-
ing into the well and is eximng the well at a different
horizon. then VOCs will be present along the screenedd
interval between the two horizons. in this case. VOC
concentratione in 1he screened interval may be repre-
sentanve of aguiter concentrations & the mflow
horizon, but may not he representative of aquifer
concentrations near the outflow horzon.

In areas where vertical stratification of VOO
concentrations is anticipated, using muitiple DB
samplers may more fully charactetize the contami-
nated horizon than using u single PDB suinpler. This
15 particularly true in wells having screens 10 fi o
longer. however. significant VOC stralification has
been observed over intervals of less than f1 (Vroblesky
and Peters, 2000). Because of the increased probability
of vertical conventratton or hydrauhc gradients within
the open interval of long-sereened (preater than 10 ft)
wells, it s advisable to determine the zones of inflow
and outflow within the screened ar open interval of
these welle nsimg borchole flowmeter analysis (Hess.
1982 1984; 1986; 1990; Young and athers, 1998).

Comparison of Passive Diffusion Bag
Sampling Methodology to Cunventional
Methodologies

Traditional sampling methodologics. such as the
purge-and-sample {(or conventional purging method).
low-flow or low-volume sampling. and using straddle
packers and maltilevel samplers, produce VOC

ag Samplers to Obtain Volatile Organic Compound
Data interpreiation, and Quality Gontrol and Asgurance
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concentrations that may differ from VOC concentra-
tions obtained from PDB samplers because the meth-
odologies sometimes are influenced mn ditlerent ways
by aquifer hydraulic and chemical heterogeneity. This
section examines polential sources of concentration
differences between traditional methodologies and the
PDB methodology.

The purge-and-sample approach to ground-water
monitoring differs from the diffusion-sampler
approach primarily because the area of the screened or
open mierval that contributes water to the purged
sampic typically is greater than for the PDB sampler,
and the potenttal for mixing of stranfied laycrs is
higher When pumping three or more casing volumes
of water prior to collecting a sample, chemical concen-
trations n the discharging water typically change as the
well 1s pumped (Keely and Boateng, 1987; Cohen and
Raboid, 1988: Martin-Hayden and others, 19915
Robbins and Martin-Hayden. 1991: Raifly and Gibs.
1993 Barcelona and others. 1994; Martin-Hayder.
2000}. due to mixing during pumping and other factors,
such as the removal of stagnant water in the casmg and
changing patterns of inflow and outfiow under ambiem
and pumping conditions (Church and Granato, 1996)
The tnduction of laterat chemical heterogenaty during
pumping also may produce vanalions in the sampled
cancentrations  The amount of mixmg dunng purging
can be highly variable (Barber und Davis. 1987.
Church and Granato. 1996; Reilly and LeBlanc, 1998:
Martin-Havden 2000). and may resuit m concentra-
sions that are not locally representative (Reilly and
Gibs, 1993). Substantial vertical hydraulic gradients,
even i shailow homogencous aquifers, have been
observed to bias sampling using conventional purging
because the majority of the pumped water may come
from a particular horizon not 1elated to the contami-
nated zone and because the intra-well flow that
intruded the aquifer may not be adequately removed
during purging (Huichins and Acree, 2000). Thus,
differcnces may he observed between concentrations
obtained from a pumped sample and from a PDB
samplc tn a chemically stratified interval if the pumped
sample represents an integration of water collccted
from multiple horizons and the PDB sampler 1cpre-
sents water collected from a single hortzon.

Low-llow purging and sampling (Barceiona and
others. 1994: Shankhin and others. 1993 disturbs the
local ground watcr less than conventional purge-and-

sample methods. Thus, samples obtained by PDB
samplers are likely 1o be more similar to samples
obuiined by using low-Tow purging than to thosc
obtained by using conventional purge-and-sample
methods Even under low-flow conditions. however,
purging stifl can itegrate water within the radius of
pumping nfluence, potentially resufting in a deviation
from VOC concentrations obtained by PDB sampling.
Onc investigation faund that i low hydranlic conduc-
tivity formations. low-flow sampling methodology
caused excessive drawdown, which dewatered the
screcncd interval, increased local ground-water veloci-
ties, and caused unwanted coltoid and soif transport
into the ground-water samples (Sevee and others.
20003, 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
assumplion that the water 1o the well screen is in
equitibnium with the switounding aquifer.

Isolatng a particuiar contributing fracture zone
with straddie packers i an uncased borchole allows
depth-discrete samples to be collecied from the target
honizon { Hsieh and others. 1993, Kammshy and Wylie.
1905} Stratemnicatly placed straddle packers often can
munimize or climinate the mpact ol vertical gradients
in the sampled imerval. However. cven within a
packed imenal isolating mflowing fracture zones,
deviations between VOO concentrations in waier from
PDB samplers and water sampled by conventional
methods still may occur if the conventional method
nixes chenicaily stratified water outside the borehole
o1 il the packed mterval straddles chemically heteroge-
neous ZOnes

The use of mululevel PDB sampilers and other
1ypes of multilevel samplers (Ronen and others, 1987:
Kaplan and others. 1991; Schirmer and others, 1995,
Gefeil and others, 1999; Jones and others, 1999) poten-
tially can delineate some of the chemucal stratification
Diffusion sampling and other sampling methodologies,
however. can be nfluenced by vertical hydraulic gradi-
ents within the wel 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 represcni a mixing of water from other contribut-
g tervals witlin the borehole. In & screened well,
even multilevel samplers with baffles to imat vertical
flow 10 ihe well cannot prevent influences from
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vertical flow in the gravel pack outside the well
screen Snch vertical flow can result from small
vertical differences in head with depth. A field test
conducted by Church and Granato (1996) found that
vertical head differences ranging from undetectable
1o .40 ft were sufficient to cause substantial flows
(as much as 0.5 fiters/mmute) in the well bere

QUALITY CONTROL AND ASSURANCE

The sources of variability and bius introduced
during sample collection can affect the interpretation
of the results. To reduce data varability caused during
sampling. a series of qualisy-control samples should
be utilized.

Replicate samples are important for the quality
contrat of diffusian-sampler data. Sample replicates
provide information needed 10 estmate the precision
of concentration values determined fiom the combined
sample-processing and analytical method and 10
evaluate the consistency of quantfying target VOCs.
A replicate sample for water-filled diffusion samplers
consists of lwo separate sets of VOC vials fitled from
tie satne Jiffusion sumpler, Bach set of VOIC vaals
shauld be analyzed for comparison, Approaimately
§0 percent of the samplers should be rephicated.

The length of the PDB sumipler can be adsusted
10 accommodaie the data-quality objectives for the
sampling event. The length can be increased il addi-
tianal volume is required fon coliection of replicate
and matrix spike/matnx spike dupheate samples.

Trip blanks ase used to deienine whethet extei-
nal VOCs are contamminating the sample due to bottle
handling and/or analytical processes not associated
with field processing. Trip blanks are water-filled
VOA vials prepared offsite, stored and transported
with the other bottles used for collecting the cnviron-
mental sample, and then submitted for analysis with
the environmental sample. Consideration also should
be given to the collection of a predeployment FDB trip
blank to determine if the PDB samplers are cxposed 10
extrancous VOCs prior to deployment. The predeploy-
ment lrip 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 aliguet of the predeployment
biank water should be colleeted from the PDB sampler
in 2 VOA vial and submitted for analysis at the time of
sampler deployment
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Water used to construct the diffusion samplers
should be analyzed to determine the presence of back-
pround VUUS. Although many VOCs accidentally
introduced into the diffusion-sampler water probably
will reequilibrate with surrounding water once the
dilTusion samplers are deployed. seme VOCs may
become trapped within the diffusion-sampler water
For example, acetone, which is a common laboratory
contammant, does not easily move through the poly-
ethylene diffusion samplers (Paul Hare. General Elec-
tric Company. oral commun.. 1999). Thus, acetone
inadvertently itroduced mto the diffuston-sample
water during sampler construction may pers:st in the
samplers, resuting in a false positive for acetonc after
sampler recovery and analysis.

SUMMARY

Water-filled passive diffusion bag {PDB} sam-
plers described in this report are switable for obtaining
a variety of VOCs in ground water at moniionng wells
The suggested application for PBI3 samplers 1s for
long-term menitoring of VOCs in ground-water wells
at well-characterized sites Where the screened interval
is micater than 10§t the potential for comtaminant
stratification andfor intra-borehole flow within the
screencd mterval is greater than in sereened mniervals
shorter than 16 fi. 1t is sugpested that the ventical disin-
bution of contaminants be determined m wells having
10-fi-long well sereens, and that both the vertical dis-
wribution of contammants and the potentiat ot 1ntra-
borehole Now be determined Tn wells having screens
Jonger than 10 ft A typical PDB sampler consisis ¢l a
- 1o 2-Ni-long low-density polyethylene lay-fiat tube
closed at both ends and contaimng deiomzed water.
The sampler 1s positioned at the target horizon by
attachment to a weighted line or fixed pipe.

| he amount of time that the samplers should be
icft in the well prior 1o recovery depends on the time
required by the PDB sampler to equilibrate with
winbient water and the time required for environmental
disturbances caused by sampler deployment o return
10 ambicnt conditions. The rate that water within the
PDB sampler equilibrates with ambient water depends
on multiple factors, includme the type of compound
being sumpled and the water iemperature. Concen-
rutions of benzene. cis-.2-dichlorocthene. tetra-
chlorethene, trichiorocthene, toluenc, naphthalence.

1 2.dibromocthane. and total aylenes within the PDB
sumplers cquilibrated with the concentrations in an

ag Samplers to Obtain Volatile Organic Compound
Data Interpretation, and Quality Gontral and Ascurance
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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-
ethenc and trichloroethene were equilibrated by about
52 hours, but other compounds 1equired longer equila-
bration times. Chlorocthane, cis-1,2-dichloroethene,

1 ans-1.2-dichlorosthene, and 1.1-dichloroethene were
not equilibrated al 52 hours. but appeared to be equili-
brated by the next sampling point at 93 howrs. Vinyl
chloride. 1.1, 1-tnchloroethane. 1.2-dichloroethane. and
1.1-dichloroethane were not equilibraicd at 93 hours
but were equilibrated by the next sampling point at 166
hours Different equilibration times may exist for other
compounds. Differences in cquilibration fimes. if any.
hetween single-solute or mixed-VOC solutions have
nat yet been thoroughly examined.

The samplers should be left in place long enough
{on the well sater. comammant distributton, and flow
dynamics to restabilize following sampler deployment.
Laboratory and field data suggest that 2 weeks of
equilibsation probably 15 adequate for many applica-
tiong, Therefore, a mmimun equilibration time of
2 weeks is suggested In less permeable formantons.
longer equilibrat:on mes may be required When
deploving PDB samplers in watcrs colder than
previously tested (10 *Chor for compounds without
sufficient correborating data. a side-by-side compir-
son with conventional methodology is advisable Lo
justify the ficid cquilibration time.

Following the mtal equiiibration period. the
samplers maintam equilibrium concentrations with the
ambient water untl} recovery Thus, there 1s no speci-
fied maxsmum time for sampler recovery afler imitial
equilibratinn PTIB samplers have routinely been leftin
ground waters having concentrations of greater than
500 ppm of TCE for 3 months at a time with no loss of
hap integrity. and at one site, the PR samplers were
left i place m VOC-contaminated 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 intcgnty
have not vet been thoroughly tested for a broad range
of compounds and concentrations. [n some enviren-
ments. development of a biofilm on the potvethviene
may be a consequence of long-term deplovment
lnvestigations of semipermeable membrane devices

{SPMDs) have shown that the transfer of somc
compounds across a heavily biofouled polycthylene
membrane may be reduced. but ot stopped. If a heavy
organic coating is observed on a PDB sampicr, it is
advisable to determing the integrity of the sample by
comparing samples wesults to a conventional sampling
method concentrations before continuing lo use PDB
samplers for long-term deploynient in that well.

PDE methodology 15 suitable for a broad varicty
of VOCs. melading chlorinated ahphatic compounds
and petroleum hydrocarbons. The samplers, however,
are not suitable for inorganic ions and have a Junited
apphcability for non-VOCs and for some VOCs. For
example. although methyl-rert-butyl ether and acetone
and most senuvolatle colnpounds are transmitted
through the polyethyiene bag, laboratory 1ests have
shown that the resulting congentrations were lower
(har it amibeent water The samplers should not be used
to sample for phthalates because of the potential for the
LUPE 10 coniiibute phthalates to the water sample.

When attempting to deierminie whether the use
of PDB sampleis is appropriate at a particular well, a
conumon approach s o do a side-by-side compansen
witly a convenhenai sampinig metined. This approach1s
strongly suggested in wells having temporai concentra-
ron yanasbitiy 1o a well having relatively low tempo-
vl con entratan v anability, comparison of the PDB-
sampler results to hstoricsl concentrations may pro-
vide ennugh information to determine whether the
P samplers are appropnate for the well In general,
1T the twa approaches produce concentraiions 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-
Bons consistent with the historical record. 1f concentra-
tinne fram the PDB sampler are higher than concentra-
trons from the conventional method, then it is probable
that the concentrations from the PDB sampler arc an
adequate representation of ambient conditions. If, how-
ever. the conventional method produces concentrations
that are substantially higher than the concentrations
found by using the PDB sampler. then the PDB sam-
pler may o may not adequatcly represent local amin-
ent condstions. In this case, the difference may be due
to a vancty of factors. including mixing or transloca-
hion due 10 hydrauhie and chemmeal helerogeneity ofthe
aquifer withm the screened or open mterval of the well
and the reiauve permeabiliiy of the well screen.

Summary 15
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