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PREFACE

The Remedial Action (RA) Sampling and Analysis Plan (SAP) prescribes those procedures necessary to
perform the field activities, laboratory activities, and other contract requirements related to RA support

for the Defense Depot Memphis, Tennessee, program. The RA SAP consists of two documents - the

Field 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 Agency (USEPA) Guidance
Jir Quality Assurance Project Plans, EPA 600/R-98/018 (USEPA, 1998); the USEPA Requirements for
Quality Assurance Project Plans, EPA 240/B3-01/003 (USEPA, 2001); and the Air Force Center for

Environmental Excellence (AFCEE) Guiddance frr Contract Deliverables - Appendix B: Field Sampling

Plans, and Appendix C: QualitY Assurance Project Plans (AFCEE, 2001).

The FS P describes field activities to be performed and defines the procedures and methods required to

collect field mecasuirements anti samples. The QAPP consists of in formation used to define and measure

data q~uality objectives (DQOs). Definition of the DQOs assists in determining the appropriate procedures

fU fieldwork And labor atory analysis. The QA PP describes the (Ital ity assurance and quality control

procedureI-s necessary to meet project DQOs.

Kcy MACTEC Enigineering and Consulting, Inc . (MACTIBC) personnel participating in this project

ine lue Mr. Thomas 1-101ines, Project principal; Mr-. Paul Bra fford, Senior Chemist; Mi. John i Quinn,

Senior Geologist; and Mr. D~avid Price, Project Manager. The RA SAP was prepared by MACTEC uinder

Contract No. P'41624-03-1>-8606, Task Order Nos. 0038 and 0080, for AFCEE and the Defense Logistics

Agency.

Thomas 1-101mes, PG John M. Quinn, PG
Project Principal Senior Geologist

Pauli Bra ffortl, CH1IMM David price, PG
Senior Chemist project Manager
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1.0 INTRODUCTION

MACTEC Engineering and Consulting, Inc., (MACTEC) has prepared this Field Sampling Plan (FSP) as

part of the Remedial Action (RA) Sampling 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 evaluation procedures to be performed during design-related investigations, RAs,

and long-term monitoring at the Defense Depot Memphis, Tennessee (DDMIT). The ESP includes

summaries of the site conditions, project objectives for sampling and measurement activities, and

procedures for monitoring data quality.

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. Ar-my

(BRAC Cleanup Plan Version 3 [Memphis Depot Caretaker Division, Environmental Office, 1998]).

DDMT received, warehoused, and distributed supplies common to all U.S. military services and some

civil agencies located mainly in the southeastern United States, Puerto Rico, and Panama. Stocked items

included food]; clothing; electronic equipment; petroleum products; construction materials; and industrial,

medical, and gecneral supplies. Approximately 4 million line items were received and shipped by DDMT

annually; total shipments amounted to approximately 107,000 tons of goods per year. In 1995, DDMT

was placed on the list of the U.S. Department of Defense facilities to be closed under Base Realignment

and Closure (BRAC). Storage and distribution of materiel for all U.S. military services and some civil

agencies continued until the facility closed in September 1997.

DDMT is ini southeastern Memphis, Shelby County, Tennessee, approximately 5 miles east of the

Mississippi River and just northeast of Interstate 240 (Figure 1-1). The latitude and longitude are

35'05l1 I N and 89 0 59'18'W. The site 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 areas, and Dunn Field, which comprises approximately 64 acres and

includes former mineral storage and waste disposal areas.

050006 01 I-1
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Following closure, the U.S. Army Base Realignment and Closure Office in Fort Monroe, Virginia, is
responsible for property dispositions (transfers) and is considered 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-year master lease on theml. The entire DDMT property is zoned for Light
Industrial Use. Land use controls have been established for all DDMT property with residual impacts

above residential use criteria.

The lead agency for the site activities at DDMT is the Defense Logistics Agency (DLA). The regulatory
oversight agencies are the U.S. Environmental Protection Agency (USEPA) Region 4 and the Tennessee
Department of Environment and Conservation (TDEC). DDMT's USEPA Identification Number is

TN42 10020570.

Important dates for I)DMT in regard to environmental regulatory activities include the following:

* In January 1990, USEPA Region 4 conducted a Resource Conservation and
Recovery Act (RCRA) Facility Assessment (RFA) at the Memphis Depot through a
contract with AT. Kearney, Inc. (RCRA Iacilit v Assessment [USEPA, 1990]). The
RFA resulted in the identification of 49 solid waste management units (SWM Us) and
8 areas of'concern (AOCs) at the facility.

* Oin 28 September 1990, DDMT was issued] a RCRA Part B pericit for the storage of'
hazardouIs waste (No. TN4 210-020-570) by USEPA Region 4 and TDEC. The
I-azardous and Solid Waste Amendments (I-IS WA) portion of the permnit issued by
USE PA inclI tded req ~iiirements for the ident ifi cat ion and, if' necessary, corrective
action of SWM Us and AOCs. AfIter issuling thle permit, and in accordance with
Section I120(d)(2) of' the Comnprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) and Title 42, Section 9620(d)(2) of the U.S. Code,
US EPA prepared a final H-azard Ranking System (FI-RS) Scoring Package for the
facility.

* On 14 October 1992, based on the final HIRS score of 58.06, USEPA added DDMT
to the National Priorities List (57 Federal Register 471 80 No. 199).

* Onl 6 March 1995, a Federal Facility Agreement (FFA) tinder CERCLA, Section
120, and RCRA, Sections 3008(h) and 3004(u) and (v), was entered into by USEPA,
TDEC, and D)LA Appendix C or the FFA (FY94 Site Managemnent P/an) identified a
list of' the original sites for investigation. A BRAC Cleanup Plan Subsequently
rep laced the site management plan and inclI ited the list of' sites for ftirther
investigation under CERCLA. The FFA outlined the process for investigation and
cleanlup of the sites at DDMT tinder CERCLA. The parties agreed that investigation
aind cleanup of'releases from the sites (including formerly identified SWM Us/AOCs)
WOtilt Satisfy anly RCRA corrective action obligation tinder the USEPA lISWA
penniiitzandTclICA, Section 68-2 12-101 et seq.

050006 01 1-2
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•In July 1995, DDMT was identified for the closure under the BRAG 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 BRAG. After DDMT was placed on the BRAG 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

furture land use plans. The Memphis Depot Redevelopment Plan was approved in

1997 (The Pathfinders, 1997).

* On 22 October 1998, the RCRA Part B permit was terminated by TDEC because the

proposed storage unit was never constructed or operated.

* In February 2001, the Record of Decision (ROD) for the MI 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 BRAG Cleanup Team (DLA, USEPA, and

TDEC) for the MI and Dunn Field, and response actions have been and will be taken

to address releases of hazardous substances that may present a risk to human health

and the environment.

1.2 GEOLOGY AND HzYDROGEOLOGY

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 1-I. The well locations are shown in Figure 1-2. The geologic

units of interest at DDMT are (from youngest to oldest) loess deposits, fluvial deposits, Jackson

Formiation/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 continuous throughout the site. The loess deposits are generally 20 to

30 feet thick.

The Quaternary- and possibly Pliocene-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 feet 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 Claibomne Group.

050006.01 1-3
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The Late Eocene-age Jackson Formation/Uipper Claiborne Group consists of clays, silts, and sands. The

upper clay of the Jackson Formation/Upper Claiborne Group occurs at variable elevations (224 feet at

MW- 126 to 164 feet at DRI1-2) and is highly variable in thickness.

This clay layer does not appear to be present at the base of the tiuvial deposits in the northwestern part of

the MI and the southwestern part of Dunn Field. Off-site gaps in the clay may be present to the west (at

MW-43) and northwest (at MW-40) at Dunn Field. Where present, these gaps create connections to the

underlying intermediate aquifer from the fluvial deposits.

The Early to Middle E-ocene-agc Memphis Sand consists mainly of thick-bedded, white to brown or gray,

very fine grained to gravelly, partly argillaceous and miCaCceouS sand. Lignitic clay beds constitute a small

percentage of' total thickness. The Memphis Sand ranges from 500 to 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 f-rom this unit; the Allen Well Field is located approximately 2 miles west of' Dunn Field.

The elevation of' the M emph is Sand at the Al len Well F2ielId is at approximately ica n sea level (mnsl);

lI'dmology of A qiiifi Si'ste/ns in the Memphis Areo, Tennessee [Criner et al., 1964]). Only one

monitoring well installed at D)DMT, M W-67, is screened in the Memphis Sand; thle tipper surface oftheC

Memphis Sand was identi liedl at 20.5 feet above misl.

1.2.2 Ilydrogeology

T]here are only two SUTirfCe water bodies at DDMT, Lake Danielson and the Golf' Course pond. No

perennial streams, flood-prone areas, or- wetlands occur within DDMT. The lake and pond are fed by

storm water runoff and are too shallow to intercept the fl uV ialI aquifier'.

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

they are:

* Alluvial aquiiilr

* Fluvial (terrace) 'aquifer
• Intermediate aquifer
* Mecmph is aquifler

Thie alluvial aquifer's distribution is Inimited to the channels of primary streams; there fore, it does not

occur at D)DM T. The uppermost aquiiifer at DDlMT is the un1COn fine1d ti u\'ial aquIifer, consi stinig Of

050006.01 1-4
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saturated sands and gravelly sands in the lower portion of the fluvial deposits. Recharge to this unit is

mainly from the infiltration of rainfall (Potential for Leakage Among Princinpal Aquifers in the Memphis

Area, 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 DDMIT.

The low-permeability uppcrmost clay of the Jackson Formation/Upper Claiborne Group servcs as the

base of the fluvial aquifer at most locations. This clay has very low permeability, with an average

hydraulic conductivity of 6.4x I 0- centimeters per second. Where present, the clay constitutes a hydraulic

barrier to downward migration of groundwater. Groundwater also exists in the vadose zone of thle 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 DDMIT and is controlled by the

configuration of the uppermost clay in the Jackson Forrnation/Uppcr Claiborne Group. The saturatcd

thickness avcrages 10 to 20 fcet, but ranges from 0 fcet (dry) to 57 feet (in the central portion of the Ml).

Groundwater elevations in the fluvial aquifer in June 2004 ranged from 257.71 feet (MW-65) to

193.95 feet (MW-39). In areas near 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 aquifer toward the low point(s) in the uppermost clay at the window.

Slug tests performed in the fluvial aquifer at the MI indicate that hydraulic conductivity values for the

fluvial aquifer range from approximately I to 60 feet per day (ft/day). Assuming an effective porosity of

30 percent, flow velocities throughout the Ml average 0.6 ft/day. The hydraulic conductivities for the

fluvial aquifer measured at Dunin 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

MI, 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

lithologie logs of MW-IS, MW-40, MW-67, MW-82, and MW-83 show the intermediate aquifer to

consist of interbedded sand, silt, and clay.

Aquifer tests conducted in August 1 997 indicate the hydraulic conductivity for the intermediate aquifer is

similar to that of the fluvial aquifer, with conductivities of 3.7 (MW-34) fl/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 are approximately 160 feet msl.

The Memphis aquifer contains groundwater uinder strong artesian (confined) conditions regionally and is

the primary source of drinking water in the Memphis area. It receives most of its recharge from outcrop

areas several miles east of Memphis. Some recharge is derived from overlying or- hydraulically

commun111icating units. The Memphis aquifer is confined by overlying clays and silts in the Cook Mountain
Format ion (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 thle tipper Surf~Ite of the Memphis

Sand at approximately 255 feet bgs (20.5 fleet above mnsl). The potentiometric surTheC of the Memphis

Sand at M W-67 is approximately 160 feet above mnsl. F~low in the unit is generally westward, toward the

All en Well Field, a maj or local ptimp ing zone (Parks and Carmichael, 1 990)

1.3 DATA QUALITY OBJECTIVES

D~ata quality objectives (DQOs) are developed for Field and laboratory operations to clarify study

objectives, define the appropriate type of data stipulated, and specify toleiable levels of potential decision

errors that will he used to establish the quality and quantity of data needed to support decisions. DQOs

determine the type, quantity, and quality of data needed to produce defensible data. DQOs will be

pi-cscnited in each project Work Plan.

The DQO process leads to the specification of sample handling procedures; preparatory

(extraction/digestion), cleanup, anid (leterminative methods; target analytes; method quantization or

reporting limits; field andl laboratory quality control (QC) samples; measurement quality objectives

(M QOs) flor data quality indicators; required correcctive actions; anti data assessment procedures necessary

to meet thle intended use oft he data.

050006.01 1-6
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The U.S. Army Corps of Engineers (USAGE) adopted USEPA's DQO process (Data Quality, Objectives

Process for Hazardous Waste Site Investigations [USEPA, 2000]) in theory, and transformed USEPA's

seven-step process into four phases (I through IV), subsequently published as EM 200-1-2 (USAGE

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:

* Step I (USACE Phases I, II, IIl, and IV) - 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 II) - 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 'II and III) - Identify Inputs into the Decision. In order to
produce an updated RA SAP for DDMIT, the following information will be required:

-USACE/AFCEE and USEPA sampling procedures

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

- USEPA and other approved methods for chemical and geotechnical analyses

- USACE/AFCEE certified laboratories (where applicable)

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

-USACE/AFCEE and USEPA analytical data quality criteria

- Applicable or relevant and appropriate requirements (ARARs)

* Step 4 (USACE Phases II and III) - Define the Boundaries of the Study. The
geographic boundary for the RA SAP is the DDMT site.

* Step 5 (USACE Phases I, II, and III) - Develop a Decision Rule. Produce an
updated RA SAP to outline the sampling and analytical protocols to be utilized at
DDMIT to meet overall RA DQOs. DQOs are to be general in nature, with MIQOs that
can be obtained 'within USAGE and project criteria.

* Step 6 (USACE Phases II and III) - Specify the Limits on Decision Errors.
Following is a summary of the acceptable tolerances for error:

- Measurement error (physical sampling process, analysis, and data reduction)

050006 01 1-7
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- Chemical data quality (within USACE Shell or AFCEE Quality Assurance
Project Plan and laboratory limits)

- Tier-specific USIEPA SW-846 and other specified methods (within acceptable
limits)

- Detection limits (within method and laboratoiy limits as compared to ARARs)

- Statistical data evaluation requirements

Step 7 (USACE Phases HI and IV) - 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
(QA)/QC criteria to produce data of sufficient quantity and quality to meet overall
DQOs.

050006.01 1-8
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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. Figure 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 activities 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.

2.2 KEY PROJECT INDIVIDUALS

Key MACTEC participants tn this project include the program manager, project principal, project

manager, project 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

in 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. lie is a Professional Geologist with more than 28 years of experience in

environmental consulting.

Mr. David Price is the project manager and is responsible for the overall management and quality of the

project work. As project manager, he manages contiactual and administrative requirements, schedules,

and budgets for the program. The project manager also serves as the liaison between MACTEC and
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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 QAIQC oversight and

direction for all aspects of the project. Mr. Holmes is a Registered Geologist in Georgia with more than

25 years of environmental consulting experience.

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

Geologist in Tennessee and Georgia with more than 19 years of experience in environmental consulting.

Mr`. Paul Brafford is the project chemist and is responsible for preparing and implementing the field

sampling, sample preservation, sample chain of custody (C-C), and sample shipping activities. He

Perlorm11s or Supervises evaluation of analytical laboratory data and helps prepare technical reports. Mr.
Brafford is at Certified Hazardous Materials Manager and a senior chemist at MACTEC with 25 years of

experience in site investigation, site assessment, and laboi tory aim lysi s.

The field team leader is responsible for the oversight of' the field and] personnel activities All field
activiifics will be coordinated and executed through the Field team leader. Based on the various activities

to be perfoirmed tinder the RA SAP (Design-related Investigation [DR1], RA, long-term monitoring, and
operation and maintenance [O&M]), a field teamn leader will be assigned for each activity The members

of the fid ld tea i will comle f-rom within the M ACTrEC offices located in Kennesaw and Atlanta, Georgia;

B i iningham, Alabama; and Jackson, Mississippi.

2.3 PROJECT SU BCONT'RACTORS

Suibcontractors Ior the activities conducted at DDMT may provide the following services: laboratory

analysis, drilling and well installation, land surveying, and investigation-derived waste (IDW) disposal
manalugemen~t. r[he Subcontractors listed below are those Currcntly under subcontract, but as new delivery
ord(er's areC issued, these Subcontractors may change:

Laboratory Analytical Services
Severn TFrent Laboratories (STL)
Contact: Roger Toth
4101 Shuffnel Drive NW
North Canton, OH- 44720
(330) 497-9396
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Environmental Testing & Consulting, Inc.
Contact: Connie Bradbury
2790 Whitten Road
Memphis, TN 38133
(901) 213-2400

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

Surveying Services
Allen & H-oshall
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
(iainesville, GA 30507
(770) 503-7474

2.3.1 Laboratory Analytical Services

Two laboratories are Currently selected to perform the primary organic and inorganic parameter analytical

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

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

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 services for DDMIT. 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 activities in their laboratory operations and Standard Operating Procedures.
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2.3.2 Drilling Services

The drilling subcontractor will be contracted to install monitoring and injection wells at DDMVT. The
subcontractor will report directly to the MACTEC project geologist before and after fieldwork and to the

MACTEC field teamn leader during field activities. Prosonic Corporation has been subcontracted to

perform drilling services seoped for DRIs. Future projects requiring drilling services may result in the

selection of another vendor.

2.3.3 Surveying Services

A Ternessee-licensed survey firm will be subcontracted to survey sampling locations and elevations and

provide the location data to MACTEC. i'he firm will report directly to the MACTEC field team leader

during field activities and to the MACTEC project geologist or engineer before and after fieldwork. Allen

& H-oshall personnel are currently designated to provide Surveying services based on their previous

experience at D)M T. Funtire activities req iiiring surveying services may result in the select ion of another

vendor.

2.3.4 Investigation-derived Waste Management

All points Logistics, I ie. Was Subcontracted to transport and dispose of ID W gcnerated (luring the DR Is at

1)D)MT. Pu~ttire projects requiring IDOW management will resul t iii the select ion of'another vendor, as All

Points Logisitics is no longer performing IDOW management services The selected IDOW management firm
will report directly to the MACTEC field team leader during field activities and to the MACTEG project

geologist before and aflier fieldwork.
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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.

3.1 SITE RECONNAISSANCE, PREPARATION, AND RESTORATION

Before the start of all field activities, a field team leader will be assigned. Working in conjunction with

the task/project manager, the field team leader is 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 areas where no utility obstructions arc 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 field 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 bor'ings will be advanced by sonic drilling during investigation and remedial activities at DDMT. If

hollow-stem or mud rotary drilling 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.
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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 hydrogcologic conditions at DDMT. The depth to water (approximately lOG feet bgs)

and geologic characteristics of the fluvial aquifer (i.e., tight sands mixed with gravel up to cobble size)

can present problems for other methods.

Sonic drilling uses a dual-case drilling system that employs 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 rotaiy or auger rig. The main

difflerenice is that a sonic dr-ill rig has a specially designed hydraulically powered drill head or oscillator

that generates adIjustable high-frequency vibrational forces. In many overburden formations, a sonic drill

rig can achieve rates of I foot per seconid.

3.2.2 Mud Rotary IDrilling

In sonic cases, site cond it ions may dictate the use of muod rotary drilling procedures. D)i rect muid rotary

drilling rises a rotat inrg drilpi pe ~ with a hard-tool drillI bit attached at t le bottom. Fri d is forced down

through the drill pipec and theii back tip the borehole. It is t len dliscliarged at thc surface through a pipe or

di tch inlo a sedimeniitation tank, poiid, or pit. As the cuttings settle, the fluid Overflows into a suction pit,
wherec a pump rec ire ulates t le Il uid back through the drill rods. The d nillring fluid cools aiid lubricaties the

bit; stabilizes the borehole wall; and prevents the inflow of fornation fluids, thus minimizing

c ross-comiarniii at ion of aqrui frs. Casing is iiot requi red dliiring drilliiig.

3.2.3 Hollow-stern Auger lDrilling

II oh1low-stem1 auger drilling has been used for boring advancement and well installation at DDMVT, mainly
be ore the developmeiit of sonic (frilling. Hollow-stemn aulger drilling may be rrsed again if required by site

conditions. HolloIw-steml arrgcr cri ding uses arrger flights with a hollow drill stemn to advance the
borehole. As the borehole is advanced, the soil cuttings are conveyed to the surface by the auger flights.

The hollow drtill stern cases the borehole and provides an avenue for various sampling devices, including

split-spoon and S helIby tube sanmplens.
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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 I 1.

3.3 WELL INSTALLATION

Monitoring wells and lactate injection wells will be installed, developed, and sampled as part of RAs at

ODMT. Monitoring wells will be installed to monitor the concentration and migration of constituents,

monitor the performance of an RA, and serve as compliance wells. Injection wells will be installed as

required to implement RAs. Specifications for each well type, including details of well construction

methods, materials, and acceptance criteria, are provided in WTPs 2 and 3. The general procedures are

described below. All well installation activities will be conducted under the supervision of a

Tennessee-registered Professional Geologist or Engineer.

The wells will be constructed wvithin sonic drill casing as the casing is wvithdrawn from the boring.

Borehole diameters wvill 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 di-ll casing will require an inncr annulus that is at least 6¼. inch in

diameter.

Monitoring wells will be constructed of 2-inch ID Schedule 40 polyvinyl chloride (PVC) easing and

screens. Injection wells wvill be constructed of 4-inch ID Schedule 40 PVC casing and screens. Each well

will have a filter pack around the screen, a bentonrite seal 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.

3.4 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

parameters of temperature, pH, specific conductance, and turbidity have stabilized and at least four well

volumes have been removed. If wvater was used during drilling or well installation, 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 each parameter do not change within allowable limits following removal of the minimum
required Volume. At least 24 hours will be allowed to pass between development of the well and sample

collection. The well construction and development procedures, including procedures for wells with little

saturated thicknesses or slow recharge, are discussed in WTP 3.

3.5 GROUNI)WATER SAMPLING PROCEDURES

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

environmental conditions will be recorded in the field logbook.

Field sampling activities will include collection of the following samples:

* GroUndwater

* 1LIqu i p[ine t rinSates

• Ambient blanks

• fireld duplicates and extra a!liq uots flor matrix spike (MIS)/rmatri x spike duplicates
(MSDs)

3.5. 1 G roundwater Sampling

Groundwater samples will typically be collected using a stainless steel, low- flow bladder pump equipped

with Tcelon" bladders or a disposable TeflonH bailer. Disposable Teflonk bai lers will be used only tinder
low recharge conditions or in smnall-diamreter piezomneters, which do not permit use of'

low-flow/micro-purge techniques. Grouindwater samples will be collected in accordance with Low-'flow'

(Miinimal Drau'down~) Ground-water Sampling Procedures (US[-1PA, 1996; Appendix D). The
groundwater samples will be collected after stabilization of field parameters within three successive

readings as follows:

* +0.1 I or pl1
* +1 0 millivolts fbr- oxidation-reduction potential (OR P)
* +3 percent for specific conductivity
* +1 0 percent for dissolved oxygen (DO)
* <20 nepheloinetric turbidity units (NTU) for turbidity
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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 parameters is presented below:

* \Volatile organic Compounds (VOCs)

* Dissolved gases
* Total organic carbon (TOC)
* Sulfide

* Miscellaneous organic parameters
* Total metals
* Dissolved metals
* MIiscellancous inorganic parameters

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/mnin). However, in the event of

large sample volume or time constraints, only the sampling of VOCs will he performed at 100 mL/rnin

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

In addition to samples collected for laboratoiy analysis, groundwater samplc 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 instructions are

included in Appendix C.

3.5.2 Passive Diffusion Bag Sampling

Passive diffusion bag (PDB3) 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 P1DB sampler consists of a low-density polyethylene 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 a weighted line or

fixed object. The water within the bag is then allowed to equilibrate with the ambient groundwater for at

least two weeks before being retrieved. The sampler water is then decanted into 40-mL volatile organic
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analysis (VOA) vials and sent to the laboratory for analysis. Detailed procedures for using FOB3 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, Recovery1, Data hnterpretation, and

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

3.5.3 Filtration of Samples with Elevated Turbidity

During attempts to sample a well using low-flow/micro-pur1ge techniques, if the turbidity cannot be

reduced to below 20 NTU after pumping for approximately 2 to 3 hours (and other field parameters are

stable ats indicated in Subsection 3.5.1), the field team leader will be contacted and informed of the

situation. Upon approval fr-om the field team leader (who may consult the task manager), the well may be

sampled. If' the turbidity is below 50 NTU, the well may be sampled without using filtration techniques.

If' thle turbidity is 50 NTU or higher, dissolved and total mectals and dissolved organic carbon and TOG

samples will be obtained. Samples for or'ganic compound analysis should not be filtered. The dissolved

imeials and organic car-bon samples will be collected by filtration with ai disposable 0.45-micromecter (Pmn)

in-line fiIter. Th'Ie fi]tlte Should be rinsed with approximately 500 niL of the groundwater to be sampled

before collection of the sample.

The 0. 4 5-pmi filter media size wats selected for use at DDMT because this size is commonly accepted ats

the demariication between dissolved aind non-dissolved species (Ground-water Sampling Guzdelines finr

Super/bud nd (ulRCIRA Prcject Managers [USEPA. 20021). Additionally, 0.45-pmn filters are typically

used] for most regLilatory programs (USEPA, 1996), and MACTEC operational experience has indicated

clogging problems aissociated With use of smaller Filters, including 0.1 -pmn filters. Procedures for

filtration Of groundwater samples are described in WTP 4.

3.6 WELL ABANI)ONMENT11

The lrcfcrrcd method of well abandonment is to abandon the well in place by removing the surface

completion (well pad aind cover) and tiremie grouting inside the well casing from the bottom upward using

at ceirent/bcentonite grout. In some circumnstances, it may be necessary to completely remove the well

casing aind screen from the borehole, clean out the borehole, anid backfill with a bentonite grout. The

exact well abandonment procedure is dictated by well or site conditions. Abandonment details are

presented in WTPI 3.
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According to the Long Term Groundwvater Monitoring Plan (CH2M Hill, 2004), wells are recommended

for abandonment for the following reasons:

* The test objectives have been achieved, and the well is no longer needed.

* 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 si/tu 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 constituent

transport evatuations.

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 IJDMT

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 ODMT. Additionally, the ground

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

3.9 EQUIPMENT DECONTAMINATION

Procedures for equipment decontamination are described 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 clean surface (aluminum foil or
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clean plastic sheeting) for as long as practicable. Once dry, equipment will be wrapped in aluminum foil

and stored until use. Dedicated equipment or equipment used once and disposed of, such as tubing or

disposable bailers, will not require decontamination.

Downhole drilling tools will be cleaned by washing the external surface of equipment or materials with

high-pressure hot water and Aleonox or equivalent, and scrubbing with brushes if necessary until visible

dirt, grimec, grease, oil, loose paint, rust flakes, are rinsed fr-om the equipment. The equipment will then be

allowed to air dry for as long as practicable.

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

collected For disposal as I DW.

3.1(0 INVESTIGATION-DERIVED WASTE DISPOSAL

D~isposal of wastes generated from RAs, such as excavation ofidisposal sites, will be addressed in the RA

Work plan. Soil f-rom drill ing activities, grou ndwater f-rom monitoring well i nsta Illation and development,

and( soil and water F rom sampling act ivities will be placed in 55-gallIon dRIIimS, io~l-o IT boxes, or other
appropriate containers. The I DW will be handled according to the procedures presentetl in WTP~ 6.

Waste water f~rom well sampling, well development, anti equipment decontam inat ion will be transported

front thle well, using ei ther drilling rig support trucks or seatled[ 5-gall on buckets, to a storage tank at M inni

F'ield. At the completion of activities, 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 firomn the tank into the City of Memphis sewer system via

the D~unn Faied( treatment system. If the concentration Ii inits arec not met, a Water Treatment and D)isposal

P18an will be developed.

Soil from borings land material from well abandonment will be placed in roll-off boxes. T-he boxes will be

sampled and analyzed flor toxicity characteristic leaching procedure (TCLP) VOCs for final disposal

purposes. If' the results are less than the TCLP regulatory levels, the soil will be disposed of as

nonhazardous IDlW at a landfbill approved to accept CERCLA olY- site waste. If the results exceed TCLP

regulatory levels, the material wvill be disposed in accordance with appropriate hazardous waste disposal

requiiiremnents.
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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 referenced 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 field

equipment used to make the measurement. Equipment maintenance and calibration records will be kept in

logbooks and field 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 nearest 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 instruments will be recorded in a calibration log. More detailed descriptions of

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

* 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).

* The handheld por-table organic vapor analyzer used to screen air vapors at the

borehole and in the breathing zone will be calibrated daily with a

100-pant-per-million isobutylene standard. The batteiy power supply will be

recharged each evening before use (WTP 13).

• Where possible, an instrument that is designed to measure OR?, 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).

* Water level 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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Field equipment will be stored overnight at a location to be determined by the field team leader in

consultation with DRC. Equipment must be returned decontaminated and any malfunctions reported to

the field team leader. The field team leader will take any actions necessary for the repair or replacement

of the equipment. Equipment maintenance and calibration logs will be kept on file in the master project

files. All sampling equipment should be maintained according to manufa1ctured specifications before

sampling or as otherwise specified.

4.3 FIELD MONITORING MEASUREMENTS

Monitoring for the presence of hazardous conditions will be perforned during fieldwork, in accordance

with the Health and Safety Plan, to prevent personnel exposure to chemical and physical hazards.

Information gathered fr-om air monitoring will be used to determine appiopriate protective measures to be

taken and to assess off-site migration of constituents released during construction activities or subsequent

operation of' remedial systems. This will ensure that appropriate contingency plans and/or control

measures can be implemented.

Field screening may involve air monitoring using a photoionization detector, a flamne ionization detectors,

or Chem1ical-speci fiC indicator tubes (Draeger tubes). Instruments used to monitor combustible gas levels

mfay incudeKI a combination combustible gas/oxygen/hydrogeni sulfilde indicator (FXOTOX 40; WTP 13).

4.4 FIELD PERFORMANCE AND) SYSTEM AUDITS

Field audits will consist of three elements: audits of field operations performed by AFCEE personnel or

their designees, self audits of field operations performed by MACTEC, and desk audits performed by

AFCISIS or MACTEC personnel on the documentation generated during the field operations. The field

audits will ensure the quality of work and attainment of the pr-oject DQOs presented in specific Work

Plans. Appendix A contains the Field 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 DDMI are presented in WTPs 7, 8, and 9.

Sample containers will be labeled before sample collection (in pre-preserved bottles as appropriate). Once

samples are collected, the bottles will be placed into an iced cooler. While the coolers are packed for

shipment, sample 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 40 Celsius (C;

+20 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 seal will be placed on

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

During sampling events, sample numbers will be used to distinguish between categories of events;

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 field begins with labeling each sample containcr, collecting and preserving the

samples, and packaging samples for shipment to the designated laboratory. Proper documentation of field

samples includes completing the logbook, the Field 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

050006.01 5-I
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blanks, and field (ambient condition) blanks. The type, description, preparation, collection, and frequency

or field QC samples are as follows:

* Field Sample - The total sample collected at a specific site location. This sample may
be soil, watet, or vapor and may be divided to provide material for analysis for- QA
and/or QC samples.

* Duplicate Sample - A single sample divided into two equal pails for analysis, or two
samples collected independently at a sampling location during a single act of
sampling. Field duplicates will be collected at a frequency of approximately 10
percent of the samples collected.

* MS/MSD Samp~les - Samples analyzed by the laboratozy to identify and diagnose
problems related to sampling or analysis. One MS/MSD pair will be collected for
approximately every 20 Field 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-contamnination of
samples. Rinsates will be collected at a frequency of one per matrix, per samppling
technique, per event. The exception is groundwater sampling with dedicated bladdcr
pumps; rinsates will not be required for dedicated equipment or onec-timec-use
disposable equipment.

* Tfri p Blank - Containers of organic-firee reagent water that aU c kept wvith the field(
samnple containers fromn thle time they leave the laboratory tint il the time they are
returned to the laboratory. Thec trip blank determines whether samples are being
impaeted d ~ri ng transit or storage. Trip blanks pertaini only to VOAs; there fore, t le
corntainers must con ta ii no headspace. A trip blIank wvill accompany all coolers that
contain samnp les for volatile aim lysi s.

* 1Field (Ambient) Blank - Containers of organic-free reagent water that are collected at
the sampling site. The field blank determines whether site activities are contributing
to impacts on samples. F'ield blanks pertain only to VOAs; therefore, the container
musLIt contain no headspace. Field blanks are collected in the area where the samnples
are collected and are required only when samples are being collected downwind of
possible VOC sources, such as road resurfacing.

0)50006.01I 5-2
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6.0 NONCONFORMANCE/CORRECTIVE ACTIONS

Corrective action will be taken anytime during the field effort when deemed 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 detennines that

corrective aclion 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 location changes).

050006.01 6-1
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TABLE 3-1

FIELD TASK RATIONALE
REMEDIAL ACTION SAMPLING AND ANALYSIS PLAN

Defense Depot Memphis, Tennessee

Field Task RationaleWa

Advance soil borings. Collect and To provide vertical profiles of contamination (if any) in soil to

analyze subsurface soil samples. further evaluate the presence or absence of contamination, to

support remedial design, to characterize fithology, and to assess

effectiveness of remedial activity.

Install monitoring wells and collect To provide groundwater characterization data, to determine

and analyze groundwater samples groundwater flow direction, to support remedial design, and to

from monitoring wells, assess effectiveness of remedial action.

Conduct in-situ hydraulic To assist in determining aquifer hydraulic conductivity values for

conductivity testing at monitoring the estimation of contaminant migration rates and for evaluation of

wells. potential remedial actions.

Construct test pits. To identify and determine depth of buried material

Collect and field screen surface and To evaluate thre vertical and horizontal profiles of contamination

subsurface soil and/or sediment that will be used to guide the extent of a remedial

samples. excavation/removal.

Collect and analyze composite soil To confimni the effectiveness of a remedial excavation/removal.

samples from the walls and bottom
of an excavation.

Conduct quarterly groundwater To aid in monitoring natural attenuation of contaminants and

sampling events estimating degradation rates.

Conduct groundwater To estimate groundwater flow direction

measurements

Notes:

(a) These tasks are general and are subject to change for site-specific requirements.
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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 Yes No N/A

I . Was site office in a neat and orderly appearance?

2. Was a Sign In/Sign Out Form available?

3. Was the Sign In/Sign Out Form current and being filled out daily9

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

5. 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 (i.e., fieldbook, FSRs, boring logs, etc.)

* Maps provided and directions to the hospital given

* Discussion of chemical and biological hazards and their action levels

* Calibration of field equipment and troubleshooting

* General office layout and procedur es

* Team key and logbook assignments

6. Did the foIlow-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

* equipment needing repair sent off-site or repaired on-site

* drums stored in drumn storage area

* map of drumt storage area drawn

050006.01 1 of 5
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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 field shirt?

IIEALTI1 and SAFETY

* Did each person read the I ISP and sign the form?

2. lDoes each person have their 4Ohr/8hr OSI IA card?

3. Does each person hlave the following PPE:

* Safety glasses
* Respirator with annual fit test record (if required)
* Steel toed rtrbber boots or steel toed boots with hoot covers
* Gloves and( piotective clothing as specified in the SS] [SP

4. Were naps to thle hospital readily available in each team vehicle'?

5. lDid each team vehicle contain the Following I I&S equipment?

* F-irst aid kit
* E-ye Wash
* Respirator cartridges (if required)

* DLraeger tithes
* PID) and LEL
* Caution tape and stakes
* Boot wash and] equipment decontamination supplies

6. Was each learn member aware of the action levelIs and what corrective steps
were to be takeni?

7. Was each tarn member aware of what number to call in case of emergency and
who thle I I &S officer is oil-site?!

8. Were MSDOS sheets avail able for decontamination solutions and preservatives'?

INSRIJMENT CALIBRATION

I.Were instrumnents calibrated at the fr-equency speciflied in the FS P?

* PurJge Saver
* lTrrba dirmeter
* OVA (PID or- 1ND)

*ME L
* Other (write in)____________

2. Were thie specitied calibration solutions available and within expiration dates (see below)?

* pi I buffer 4.0 (expiration date ______

* p11I buffer 7.0 (expiration dlate ______

* piIt bUfIbrl 0.0 (expiration date ______

* speci tic cordtictance standard (expiration date
* turbidity standards (expiration dares ~
* III1D isobutylene standard (expiration date ~
* Other (wr ite in) ___________ (expiration date _ )_____

3. Were the manu 1falctirrer's calibration and repair records available for each instirument?'
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DECONTAMINATION PROCEDURES

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

* Pesticide grade hexane (expiration date-- -

* Pesticide grade methanol (expiration date _ ) ______

* Liquiniox/Alconox (expir-ation date _ I______

* ASTM Type II Reagent grade water stored in glass containers

2. Were rinse/spray bottles made of Teflon?

3 . Was a decontamination area available for large equipment (if required)?

* Did pad consist of sump lined with 6-mil polyethylene sheeting?

* Did pad consist of barriers to contain solutions?

4. Was sampling equipment decontaminated per the procedures specified in WIP 15?

5. Was a separate tub available for the solvent sprays/rinses?

6. Were decontamination fluids drumnmed for disposal?

7. Were drums labeled per the procedures specified in the FSP?

SAMPLING PROCEDURES

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

I1. Soil Sampling:

A Was equipment decontaminated prior to use9

B. Were working surfaces covered in poly sheeting or aluminum foil?

C. Were working surfaces covered with new material betwveen samnples 9

D. Was a new pair of sampling gloves donned between each sample'?

E. Were sample labels, FSRs and fieldbooks completed in black ink'?
F. Were sample labels, FSRs and fieldbooks completed per WTP 7?

G. Were soil samples collected per the procedures specified in WTP I I?
I-I. If VOCs were to be collected, were sample vials prepared with preservative

solutions and weighed?
1. Were VOC sample syringes weighed and adjusted to 5.0 to 5 5 grains prior

to insertion into the vial9

J. Were labeled samples placed in an iced cooler?
K. Were samples transported to the site office for packing and shipping

immediately after sampling?
L. If required, were samples logged?
M. Were soil cuttings containerized (if required) in 55-gallon drums for disposal?
N. Were drums labeled per the procedures specified in the FSP?
0. Was the site restored to its original condition?

2. Groundwater Sampling

A Was equipment decontaminated prior to use?

B. Were water levels measured and recorded pr ior to samplingg?
C. Were working surfaces covered in poly sheeting or aluminum foil?
D. Were working surfaces covered with new material between samples?

E. Was a new pair of sampling gloves donned between each sample?

F. Were sample labels, FSRs and fieldbooks completed in black ink"

G. Were sample labels, FSRs and fieldbooks completed per WTfP 7?

050006,01 3 of 5



8 76 5 3
RASAP - Defense Depot Memphis Tennessee November 2005Volumne I - [Field Sampling Plan Revision I
MACTEC Project No. 6301-05-0006

1II. Was the purge flow rate adjusted to no more than 300 mls/min?
I. Were stabilization parameters measured every 10 mins for a minimum of

3 meaSUrements/30 muins?
J1. Was stabilization achieved prior to sampling?
K. IF'VOCs were to be collected, was the flow rate adjusted to lO0mls/mmn +/- 20 mIs? _

L. Were groundwater samples collected per the procedures specified in WTP 4?
M. Were labeled samples placed in an iced cooler?
N. Were samples transported to the site office for packing and shipping immediately

after sampling'?
0. Wats purge water containerized (if required) in 55-gallon drums for disposal'?
P3 Were drumns labeled per the procedures specified in the ESP?
Q. Was the monitor ing well locked and the site restored to its original condition?

D)RILLING PROCEDURES

prior to drilling, were I l&S zones, decontamination tubs and monitoring equipment assembled?_

* Were (trill r igs, aulgers, and drilling tools decontaminated prior to use?

2. Was the equipment decontaminated as specified in WTP 2?

3. Were drilhing locations cleared for utilities prior to drilling?

4. Does drilling personnel have their 401hr/Xhr Os I IA training card?

5. lDoes (ii Iiling suibcontractor have thie appropriate licenses?

6. Were drill i rg procedures per lor med per the directions specified inl WTP 29

7. Were (trilliug logs fit led oti per the procedures specified in WTI' 2?

8. Wats the boi eolme abandoned per thie procedures specified in WTI' 3?

9. Were drill cuttings and flUIdIs containerized (ifiequired) in 5 5-gallon ('rums
ioi disposal?

10. Weredirums labe led per the procedures specified in the ESpI?

It1. Was the site [restoied to its original Condition?

MONITORING WELL INSTALLATION

Refbr to (trilling pi ocedures above in addition to criteria listed below.

I.Wei e the following wvolt screen criteria rotltowed:

*Were well screens and( risers steamn cleaned prior to use9t
* Were well screens 20 feet or less'?
* If well screens were greater than I10 feet, was approval obtained from TDEC

and/or the I3CT?
* Were wvell scicens PVC or stainless steel as specified by thle work plan?
*Was the depth of the well£ screen installed as specified in thle Work Ptanl??

2.Were the following fitter pack criteria F'ollowed:-

* tid jitter pack consist of contamninant free silica sand with <2% flaet particles?
* Was titter pack tremied froml bottom of well to 2 feet above top of well screen?
* Was Wet SIsuging filter pack placement process used during well construction?
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3. Were the following bentonite and grout seal criteria followed:

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

* Was the bentonite seal composed of 100% sodium bentonite?
* 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?
* Was cemnent-bentonite mixture composed of those elements listed in WIP 3?

* Was grout tested with mud balance to +/- 0.2 lbs/gal initial weight?

5. Was the well completed per WiT 3?

6. Was the well installed per WTP 39

7. Were well installation diagrams completed per WTP 39

WELL DEVELOPMENT

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

2. Was equipment decontaminated prior to use?

3. Were 3 well volumes and fluids lost during installation removed fromt the well?

4. Were suspended sediment content of <0 75 ml/L achieved'?

5. Was turbidity measured at or below 5 NTI~s for at least 30 minutes?

6. Were pH, temperature and EC stabilized per WTP 3?

7. Were all sediments removed from bottom of well?

8. Were the procedures for deviations to the above criteria followed per the WTP9

9. Were the well development forms completed per WTP 39

10. Were well development fluids containerized in 55-gallon drums or a storage tank?

11. Were drumns labeled per the procedures specified in the FS P9

12. Was the monitoring well locked and the site restored to its original condition?
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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 procedures 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 Verifcation of Soil Remnediation. Environmental Response, Waste

Management Division. Michigan Department of Natural Resources. 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.L, September 1986

U SEPA, 2001. Environmental Investigations Standard Operating procedures and Quality Assurance

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

USEPA, 1992. RCRA Groundwater Monitoring: Dr-aft 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 Objlectives Process Jbr Hazardous Waste Site Investigations. U. S.

Environmental Protection Agency, Off-ice of Environmental Information, Washington D.C.,

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

I General Procedures for Field Personnel

2 Drilling Operations

3 Well Installation, Development, and Abandonment

4 Groundwater 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

I10 Sampling Equipment Decontamination

I I Soil Sampling

12 Personnel Protective Equipment Decontamination

13 Health and Safety Monitoring

These procedlutcs will be adhered to and will form the basis for most project-related work. Personnel
performing field activities will be familiar with these WTPs and with project-specific work plans pr ior to
mobilization of the hield team.

These procedluies arc designed to generate data that is consistently collected, accurate, legally deleusible,
and in Compliance with Air Force Center lor En vi ron mental Excellence (AEC -EL) requirements.

Variiances I or samnpl ccollection, handlIi rg, and deco ntamni nation procedures may be allowed dueI to thle

flbIlowing reasons:

I . Regulato(-y CommentC11
2. Data QUality Objectives (DQOs)

The qIuality of the daptal will be consistent with the purpose for which it is to be finally used. These arc the
l)QOs. A discussion of the nomenclature and selection of Criteria for DQOs are provided in the document

entitled Data Qualitt' Ob/iectives Processfnr iiazardous Waste Site Investigations (US EPA, 2000). A
Summ111ary of the DQO prIocess as it relates to DDMT is provided in the FSP. There are two types of data
qJuality, from11 thle very high qlUality, legally defensible data often used in risk assessment ainti principle
responsible party dci cnn ination (Deli iiitivye) to the field monitoring data used duriring site Characterization

and implementation (Screening) lDcvelopment of DQO 's for project specific activities will be described

in the relevani work plans.
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The project-specific documents will incorporate most of the WTPs either directly or by reference and

should bec reviewed to identify any procedural variances from the procedures presented herein. In the

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

will take precedence.
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WORK AND TEST PROCEDURE I

GENERAL PROCEDURES FOR FIELD PERSONNEL

L41 PURPOSE

The purpose of this Work and Trest Procedure (WTP) is to provide guidance for the general field practices
to be followed by MACTEC personnel while in the field at DDMT. A review of thisWTrP is mandatoty

prior to any Field( activities.

2.0 l)ISCUSSION

T]his WITP provides general guidance for field operations. The project-specific work plan will be referred

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

Each intldiVidual assigned to Field work Must part ici pate in the M ACT EC MedlicalI M on itori ng Programn,
mrust have taken the OS HA 4 0 -1Ilour Course (updated with the 8-Flour OSFHA Refiresher, when necessary),
aind miust be ccrifiifed as abl£e to wear respiratory protection, and to participate in lielId act iv ities th rough

the M ACTEC Medical Monitoring Programn.

Millnimum req u~ii cl personal protective equiiipine nt (P P ) for all employees ii vo lvcd in fielid work Lire
steel-toed work boors. Additional PPIB will be discussed in project specific work plans and in the site
HleaIt h and Safety plan. A general check list of personal supplies and equipment is presented as

Attame rent I 1.

3.0 PRtOCEI)URES

The following WITs should be considered in conjunction with this WITP:

NUMBER NAME
I ~~~General Procedures for Field Personnel

2 Drilling Operations
3 Well Installation, Development, and Abandonrmeni
4 Groundwater Sampling
5 1-lydraulic Conductivity'Testing
6 Investigation Derived Waste Disposal
7 Samrple Control and DoecLimentat ion
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NUMBER NAME

8 Sample Containers and Preservation

9 Sample Packing and Shipping

10 Sampling Equipment Decontamination

I I Soil Sampling

12 Personnel Protective Equipment Decontamination

13 HeIalth and Safety Monitoring

3.1 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 Field Team Leader to direct field activities

and coordinate with project/task managers, and personnel. Task specific

responsibilities of the Field Team Leader will be addressed in the appropriate WTP;

general responsibilities include;

* Reviewing project-specific work plan, Health and Safety Plan (H-SP), and Quality
Assurance Project Plan (QAPP).

* Notifying site personnel to arrange site access and coordinate schedules; contacts

include DRC, affected tenants, and/or offsite property owners.

* Coordinating field efforts with the project chemist and analytical laboratory

* Generating appropriate paperwork for each event. Shipping appropriate

paperwork and field books to the site.

* Ordering appropriate supplies and equipment for delivery prior to the start of

each event.

* If any work is to be subcontracted, a review of the subcontractor contract, work

plan, and Health and Safety plan

* Ensure that all employees traveling to the site have Driver's License (or other

picture identification) and an OSH-A Certification Card in their possession prior

to leaving the office.
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3.1.2 Field

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

empiloyed:

* Verify that all reqtiired paperwork and equipment for field activities is on site.
Inventoty all rental equipment.

• Conduct site Set tIP activities to include posting of signage (if applicable), delineation
of 'work zones as specified by the SHSO or the Field Team Leader.

* Calibrate monitoring equipment (as needed).

* Conduct team safety meetings as required by the HASP.

• Conduct team review of the WTP and procedures to be followed.

3.2 FIELD OPERATIONS

P ri or to cornmencernen I of' operations at each of the sites, a site reconnaissance will be performed to
dcIterm1iI KreqjiirCeinentS fbr Site prepariation and clearance, such as clearing of brush and otheri identifying
obsiruc t iois. Proposed] drilling aind sam pli rg locations will be clearly marked. Clearance forit uiliities at
dTrilling locations wvill then be conducted by utility oper-ators or locating Services Such ats Tennessee
Onc-Cai I. No intius ivc' act iv'it ies will be conducted until utitliity clearance has been completed. The
MA CTEIC Field Team Leader will alIso select appropriate locat ions for the decontamination area,
cle rgency equi pient, and at drum staging area through consultation with ORG and site tenants ats
necessary.

The rcsponsibilities incumbent on field personnel at DDMT are project and task speci 1c. At a minimum,

the fiel (1pc rson nelI are req iii ed to

I Maintaining at logbook that describes field activities, and other information. In the
logbook or on variouIs forms that may be req iiired, the foIllowing in format ion must be
recorded for each actilvi ty:

* Local ion
* lDate and time
* ldentifly of persons performing the activity
* Weather conditions
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For field measurements, the following additional information will be required:

* The numerical value and units of each measurement
* The identity of and calibration results for each field instrument

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

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

* The amount of each sample
* Sample description (e.g., color, odor, clarity)

* Identification of sampling devices

* Identification of conditions that might reflect representativeness of a sample

(e.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 site daily, the following procedures will be performed by on-site

personnel:

* Decontaminate field equipment.

* Field Teamn Leader is responsible for checking that all personnel have completed

logbooks and field forms daily

* Properly dispose of soiled PPE.

* Ensure that any drums eontaining investigation-derived waste or PPE are sealed

nightly and clearly labeled with the contents, date, and site/location name.

• Make arrangements for shipment of samples (if applicable). Check daily with the

analytical laboratory to ensure samples arrived in good condition.

3.3 POST-OPERATION

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

3.3.1 Field

Upon the completion of field activities, the MACTEC Field Team Leader will visit each site to verify that

the area has been cleared and restored as closely as possible to its prior condition. Trash will be removed
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from the site, and surface damage, such as wheel ruts caused by the drilling and support equipment, will

be repaired.

* Ensure that equipment and associated supplies have been shipped back to the office.

3.3.2 Office

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

• Submit logbook and original forms to Project/Task Manager for review.

* Check equipment and supplies shipped back to the office.

* Arrange for proper disposal of investigation-derived waste.

* Contact the analytical laborator-y to ensure that the samples arrived in good condition
(e.g., temperature is within acceptable ranges).

4.0 REFERENCES

USA CE, 21001 . Enlgineering and lDesign Reqti irements Imr the preparation of Sampling andte Analysis

Plans, lDepaitmient of the Army, Washington D.C. Februaiy 1, 2001.

USElBPA, 2001 . ESnviironnmentalI Invest igat ions Standard Operatinig I'roeedILIIres and Quali ty AssuranIIce

ManlnaI, I n vi ron mental Compliance Branc h, At hens, Georgia, November, 2001.

5.0 ATTIACHMENTIS

AtItachiment I . I - pe rsona I Pie Id Fequ ipmcnt and Supplies Checklist
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ATTACHMENT 1.1

PERSONAL FIELD EQUIPMENT AND SUPPLIES GENERAL CHECKLIST

Steel Toe Workboots

Full Face Respirator (with appropriate cartridges)

Safety glasses

Logbook _____

Pens

Data Collection Forms

Respirator Cartridges

OSHA Certification Card

Tape Measure

Hard H-at

H-ammer

First Aid Kit and Emergency Eyewash Station

Overshoes

Sun Screen

Work Gloves

Disposable Gloves
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WORK AND TEST PROCEDURE 2

DRILLING OPERATIONS

1.0 PURPOSE

The purpose of' this Work and Test Procedure (WTP) is to provide guidance for dr illing operations used
in) support of investigative activities at DDMT. Intrusive drilling activities will enable collection of
subsurflaee soil samples and allow the installation of monitoring and injection wells.

2.0 l)ISCUSSION

T]here are several methods by which drilling operations may be conducted including, manual (hand)
augering, power augering with hollow-stein augers, sonic drilling, and cable tool or mud rotary drilling
with install at ion of' surfa'ce casing. Generally, hand augering is use fu I only for SUrfic ial soil sampling
While the other Methods arie used for deeper, Subsurface investigations and for the installation of
monitoring wells. Sonic drilling is the recommended method of drilling at DDMT because it has proven
Io he the most effective method( for boring advancement and] well installation under the site geologic and
hydi ogeologic conditions. The depth to watter, (i.e. 75-105 ft bgs on average) and geologic characteristics
ofI thle II [I vialI aitC uifer (i.eC.tight sansin II(S1IXed WithI gravel t IP to co bble size) presenit more pr oblfems for- wellI
installation using Other drilling methods.

D~rilli ng activities that equiii i the use of' a truck-1mottnted di-ill rig will be suibcontracted. Specific
req uirements flor drill i ng Subcontractors i nelude:

* Provision of a Health andI Safety Plan in compliance with that of the project

* Subcontractor employees must have completed the OSHA 40-Hour course with the
OS[-lA S-Hour1 refreshfer, as necessary

* Subcontractor employees must be iii a mnedical surveillance program

* Lquipmenrt sufflicient to carly out the woi-k as specified] in the time allotted

* All required licenses to drtill and install wells in the state of Tennessee

* Appropriate expci ience on similar projects.
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MACTEC Engineering and Consulting (MACTEC) personnel will provide on-site support for drilling

activities. This support will consist of the following:

* Oversight of the drilling operation

* Preparation of the soil boring log (see Attachment 2.1) with lithologic interpretations

and observations relevant to investigative activities

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

* Site monitoring in accordance with the H-SP.

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 WIP:

NUMBER NAME

I ~~~~~~~~General Instructions for Field Personnel

3 Well Installation and Development

1 2 Personnel Protective Equipment Decontamination

1 3 Health and Safety Monitoring

3.1 PREPARATrION

The following subsections 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:

*Coordinating with the analytical laboratory to ensure that the sample containers, 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.
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* Generating appropriate paperwork for each event including HTW drilling logs.
Shipping appropriate paperwork and field books to 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 equipment and supplies is provided as
Attachment 2.2.

* Provide drilling subcontractor with number and depth of boring to be drilled and
ensure that sufficient material quantities will be available. Confirmn drilling schedule.

• Arrange for surveyor to locate drilling locations, as necessary

* Notify utility locating services at least three business days plior to drilling activities.

3.1.2 Field

After arrival onl site, but prior to commencement of operations, the following procedures will be
emp loyed:

• Meet with site contaicts, as necessary to con firm drilling locations aind IDOW storage
(roll-off boxes)

* Verily that req ui red equipment for dn iIbing operations is on-site and flinct ionalI

* Conduct Site Set Uip aictivities to include; posting of' signage, provision of' drumIIs to
cota in) drii I cult t ns and othcr I DW (PP E, decon water), deli neat ion of the drilling
area with harm rd/cant ion tape, and mnarking/staking of the locations to be drilled

* T[otir the sire and check the decontamination area

* Calibrate monitoring equipment (as needed)

• Conduct eteam review of the WTP and procedures to be followed (Subcontractor aind
MACTIEC personnel)

3.2 [FHELl) OPERATIONS

A cILia! fied geologist or enigineer will oversee the drilling activities. Modifications to boring locations will

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

identified or encountered after drilling has begun. The new locations will be as close as possible to the

originally proposed locations; utility cecarance will be performed again as necessary.

The following requirements will apply to drilling activities:

I .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 (200 1).

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 appro\'al by the project/task manager, and will be from an approved

source. Any bentonite 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 each 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 in the HSP. The tops of the boreholes will be monitored for percent oxygen

and combustible gases (LEL) using a combination explosimeter/oxygen meter.

3. Collect soil samples at specified intervals in 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-
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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 used if at non-chlorinated source is not readily available. MACTEC's drilling
suIpervisor' Will record the amount of water used. One sample of the water used will be collected from the
water source. Each 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.
Inlbrmation regarding the source of water used and any impact on analytical results will be included in

thle field notes.

3.2.1.3 lDrilling Logs

The geologist/engineer will log thle Subsurthce conditions encountered in the boring, and record thle
in lbrmlat ion onl a I- aizardouls and Toxic Waste (H-ITW) Drilling Log (Attachment 2.1I) and thle logbook.

Additional pertinent in formiat ioil will also be recorded on the logbook, inclu tding, but not I nni ted to, the

liillowing:

* lDilMing datc
* lDri Ii ng nlcthod
* Geologist namei
* Location of boring/Boring identification
• Dr iller's name/I)Di Iilng subcontractor namne/Type of dr-ill rig
* D)ia metler of sul r"icc calsing, casing type and] method of installation
* Types ol drilling fluids and depths at which they were used
* Wealther cond itI iols
* S tart and coiipl ciion time For each boling
* Standard lPenettation Test blow Counts per six inch advance, if applicable
* OVA, lDraegcr tube and explosirrneter readings above background (including depth of

each realding)
• Recovery length of each sample
* Visuail description of soil using thle Unified Soil Classification system

(ASTM-D-2488-00)
* Depth atl which soil sample wats collected for chemical analysis
* lDepth at which soil sample was collected for physical analysis
• Iotail nutmber of.samrples taken
* T]otlde depth of boring
* Boring refusal
* Wanter losses (if applicable)
* Deptht thilck ness, i dent i icat ion adirc description of stratu1r11
* Watter bearing strata (depth and t ftic kness)
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* Depth at which saturated conditions were first encountered

* Lithologic descriptions and depths of lithologic boundaries

* Zones of caving or heaving

* Depths at which drilling fluid was lost and amount lost

• Changes in drilling fluid proper-ties

* 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 will be a minimum of 6 inches. The

borehole shall provide a minimum of two inches of annular space between the outside diameter 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 least

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

3.2.3 Drill Rig Decontamination

3.2.3.1 Decontamination Area

The location of the decontamination area will be cleared with DRC personnel. The decontamination pad

will consist of a wooden frame lined with minimum 6-miil plastic sheeting. The pad will slope so that

water can be temporary containerized in DOT-approved, 55-gallon, closed-top steel drums or other

approved containers. A schematic of the proposed equipment/vehicle decontamination layout is 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 secure an adequate

supply of tap water for decontamination procedures.
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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, etc., have been rinsed from the equipment.

2. Rinse with potable water.

3. This decontamination procedure will be performed prior to each use and between
each well and sampling location. Decontamination solutions will be placed in
l)OT-approved, 55-gallon, closed-top steel 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 manner and inventoried as
to their contents and source. The containers will be stored in the temporary staging
area tint il proper disposal is arranged.

3.2.4 Borehole Ahandlonment

lBorcholes will be abandoned in accordance with both project-specific requirements aind the applicable

TDLBC, Shelby County and USEPA guidance and requirements referenced in section 3I.2.

Soil borings that e nCOH nter grotindwater will be abandoned by tilling the boring wit I grout
(cementi/bcintoni tc) utin i und ilutcd grout is visible at the stirlbce. The grout will be trem ecd into the
boring, keeping the tremiei pipe below the grout surface. The tremiei pipe should have side discharge
holes, not cud Ii segarge. The sidei discharge will help to maintain the integrity oft he underlying muaterial.

T]he grout will serve to seal off' the aquifer fromt contamininat ion from, surfkice innfuences. Trhe remaining
annular space created by the settlement of the grout will be finished to the ground surfihee With the surfacee

ctap mnaterial present prior to drilling (i.e., soil, concrete, asphalt, etc.).

3.2.5 lnvestigative-lDeiived Waste

Any invcstigativc-dci-ived waste (i.e., dr-ill cuttings, drilling fluid) that is contaminated wvill be disposed of'
in an approved Cashion as speciflied in the FSP.
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3.3 POST-OPERATION

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

completed.

3.3.1 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 soil or groundwater

* Ensure that each drilling location is clearly marked for surveying.

* Complete logbook, making notations as to site conditions, anomalous readings, etc.

* Complete HTW Drilling Log (Attachment 2.1).

* Ensure that equipment and associated supplies are shipped back to the office.

* 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.

* Ensure that the site is returned to its condition prior to drilling operations to the

extent feasible (i.e., trash related to drilling operations must be disposed of prior to

departure from the site).

3.3.2 Office

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

* Submit logbook and any original forms to Project/Task Manager for review.

* Inventory equipment and supplies shipped back to the office.

* Make arrangements for the proper disposal of IDW.
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2.1 (continued)

FITW DRILLING LOG HULE NO,

PROI~ INSPECTOR SHEET

FIELD SCREENING GEOTECH EAWLE ANALYCTAL SLOW
ELEV. DEFTH DESOMh ICHN OF MATERIALS RESULTS 0po) CR CORE BOX No SAMLE No COUNTS RrRI

A b Cd

6 0-

.0 -

I00

3.0

6.0

MRK ORM 5- PROJECTNAME&NOHOEN

050006.01 PRE13ARED BY/DATE: JAI I 10/11/02
CI IECKELD BY/DATE WPB 11/08/02



876 76

PA SAP -Defense Depot Memphis Tennessee November 2005

Volumne 1 -Field Sampling Plan Revision I

MACTEC Project No. 630 1-05-0006

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 1Fiat _ ____

Hammer

First Aid Kit and Emergency Eyewash Station

Overshoes

Sun Screen

Work Gloves

Disposable Gloves

FID

LEL

Watcr Level Indicator
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ATTACHMENT 2.3

VEHICLE/EQUIPMENT DECONTAMINATION LAYOUT
Defense Depot, Memphis, Tennessee

Work Zone Decon Zone Support Zone

LI)o lam inat ion Area

Concrete Decontaiatin ld
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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 bydrogeological conditions. Procedures for well abandonment are also

included.

2.0 DISCUSSION

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

monitoring and injection wells at DDMT.

Monitoring wells allow for direct measurement of both groundwater contamination and flow parameters

beneath the site. Monitoring wells will be designed and installation supervised by qualified environmental

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

Well 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

1 3 Health and Safety Monitoring
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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 I and 2.

3.3 WELL CONSTRUCTION

Included) in this section is the rationale for selection of well construction materials. A qualified
geologist/enginceer will oveisee well installation activities.

3.3.1 WeclI Construction Materials

Well risers will consist of' material durable enough to retain their long-term stability and structUral

integrity and be relatively inert 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 except to high

concentrations of' low miolecu ar-weight ketones, aldehydes, and chlorinated solvents. Stainless steel has
demronstraled very good chemical resistance, including resistance to high concentrations of low
molecular-weight ketones, aldehydes, and chlorinated solvents. Low concentrations of these same
cheicalll'ls With Ilong terml exposure to PVC have not had documented effects (Barcelona et al., 1983;
NWWA, 1989).

Stainless steel resistance to corrosion, in most corrosive environments, particularly tinder oxidizing
conditions, has bcen shown to be very effective. Stainless steel reqtiires exposure to oxygenl inl order to
attainl its highest corrosion resistance. Oxygen combines with pail of the stainless steel alloy to form anl
invisible protective filml onl the surface of' the maetal. As long as the filmn remains intact, the corrosion
resistance of' the stainless steel remiains high. According to Barcelona et al. (1983), in cases where
long-term exposures in very corrosive conditions are emlinent, corrosion mray occur with the subseqticnt
release of'chromium or- nickel as contaminants iln ground water sarnp les.

Well materials will consist of new, thre-aded, flush joint polyvinyl chloride (PVC) or stainless steel pipe,
with a minimum inside diameter of 2 inches. If PVC is used, the riser pipe will conform to ASTM D
1 785, Standards for Schedule 40 Pipe. Materials willI be new andl unttsed and will be decontamninated pr ior
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to installation. Casing wilt 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 wilt consist of new, commercially fabricated, threaded, flush joint, minimum 2-inch inside

(ID) diameter, factory slotted or continuous wrap PVC, or, in the case where 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 generally sized to prevent 90 percent of the filter pack

from entering the well. The screen slot size will be adjusted if site geologic conditions significantly differ

from the expected conditions. Previous well installation at DDMT have generally 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. Silt traps usage fosters a stagnant, turbid environment,

which could influence 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 folloxving objectives: to

collect representative groundwater samples; to pr-event contaminration of the aquifer by the drilling

equipment; to prevent vertical seepage of surface water or inter-aqu~ifier Contamination.

This section describes well installation and construction procedures including the placement of the screen,

installation of the filter pack, bentonrite seal, and grout seal. 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 1 0-feet into the clay unit at the base of aquifers to confirm the local presence

of the lower confining tinity. Well screens are generally set above the clay at the base of the aquifer; the

deeper portion of the boring is filled with bentonite.

3.3.2.1 Screen Location

The screened intervals will be selected for each proposed well based on specific DQOS. There are several

water bearing units of interest present at ODMT (fluvial, intermediate, and Memphis aquifer). Both the

fluvial and intermediate aquifers can be found in unconfined conditions, with significant saturated
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thickness (>50 feet). In most areas, the saturated thickness of the fluvial aquifer is 20 feet or less. For

most wells at DOMT the screen will start from the top of clay upward, for a maximum of 20 feet of

screen per well. If the saturated thickness is substantially greater than 20 feet, a cluster well may be
installed so that the entire saturated interval is screened.

3.3.2.2 Filter Pack

A filter pack will be installed in the annular space between the boring and the well screen. The filter pack
will consist ol'silica sand. The filter pack will be clean, inert, well rounded and contain less than 2 percent

flat paiticles. The filter pack will be certified as fl-ce 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 thle site. If'
thle silo condinlons show significant change (i.e. more gravelly, or much more clayey) firom those

pCievoUiSly encoiiniered at gamn-size analysis will be completed and filter pack design based on those
i-es tlts.

The filIto r pack will be pl aced fi-rom the bottom of the hole to a inin irmum of 4 feet above the top of't he
well screen. Th'le filter pack will not extend across more than one water-bearing unit. When sonic drill ing
methods :11- used], hie fillter pack will be emnplaced through the nomi nal 6-inch diameter steel casing using

thle gia vi ty method. The proced ire for grnvi ty installation of the fier pack will be ats fol lows:

PHior to install at ion of't he well casing, the inside of the 6-inch steel casing will be thoroughly cleared of

Sed i mnt and ciit i ngs by retaming with the 4 -inuch samplIing barrel and flushing with potable water The
sand filter pack wilt be gravity-placed through the 6-inch steel casing in lifts of' no more than
app~roximately I tbot. Care will be taken to prevent bridging by frequently measuring the thickness of the

filter pack ats it is placed. As the steel casing is slowly withdrawn between lifts, it will be vibrated with
the sonic d ili ing hcad to compact the sand filter pack.

3.3.2.3 Benfoijite Seal

A ninni mu i 5- Ibot thick ben ion ite seal will be installed above the tilIter pack in the annular space of the
Well. Only lOG peCeICa sodiUmn bentonite (pel lets or chips) will be used anti care will be taken to prevent

050006.01 WVTP-3-4



8 76 8 2

RAISAP - Defense Depot Memphis Tennessee November 2005

Va/time I - Field Sampling Plan Revision]I

MA CTEC Project No. 63 01-06-0005

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 (USAGE, 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 III 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 in the borehole, 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 will

be installed at 50-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 g-rout placement (USACE, 1998).

3.3.2.6 Grout Seal

A nonshrinking cenment-bentonite grout mixture will be placed in 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 installation of the protective casing and concrete pad.

The cemnent-bentonite mixture will consist of the following compounds in proportion to each other: 94

pounds of neat Type I Portland or American Petroleum Institute (API) Class A Cement, not more than

four potinds of 100 percent sodium bentonite powder, and not more than 8 gallons potable water. A side

discharge trcemie pipe will be used to place the grout mixture into the annular space. The trenie pipe will

be located a maximum of 10 feet from the top of the bentonite seal in deep wells to ensure even

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 1I and Type Ill Monitoring Wells will be completed as shown in the project Well Installation
Diagrams (Attachment 3.1 and 3.2 respectively).

Based on well location and future area use, the Project/Task Manager will determine surface completion
(flush or projected above ground surface) requirements for all permanent monitoring well installations.
Temporaty 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 monitor ing well
installations, if a well stick tip is not appropriate, surface completions will be flush with the land surface.
The Casing will be cut approximately 3 inches below land surface and will be secured with at water tight
easing cap to prevent surface water from entering the well. A water-proof valve box with locking cover
will be placed over the well easing. The valve box lid will be centered in a 3-foot by 3-foot by 4-inch
thick concrete pati that slopes away from the box.

If ain aboVegr'oundI surflace completion is used, the well casing will be extended 2 or 3 feet above land(
surface. A casing CaIP will be provided for- each well. A vent hole will be placed in the protecting casi rg
anti a ventilated well caIp will be used. A steel sleeve will be placed over the casing to shield the extended
Casinrg and CaIP. Tlhe steel sleeve willI be seated in) at minimumi 3-foot by 3-foot by 4-inch Concrete surface

pald. The dii anieter of t le sleeve will be a inin inulim of 4 i rches greater than the diameter of the casing. A
weep hole wvill be drilled in the steel sleeve about I inch above the top of the well pad. The pad wvill be
sloped away from the well sleeve and at lockable caIp or lid will also be installed. Three 3-inch diameter
concrete-flIlet! steel guard posts will be installed around each well unless the well is located in ain area
receiving vehicularL traffic. Thecse guard posts will be 5 feet in total length and installed radially from the
well head. The guard posts will be installed approximately 2 feet into the ground and set in concrete;
these posts will not be installed in the concrete pad placed at the well base. The protective sleeve and
guard posts will be painted orange using a brush (USAGE, 1998). Installation of the well will be
completed prior sampIi ng the well.

Wells will be Secured] immediately after well completion. Corrosion-resistant locks will be provided for
both flush and abovegr-ound surface completions. A brass survey mnarker will be installed in the concrete

pad!. The information required by the TDIEC (i.e., well identification number, registration Inumrber, etc.)
Shoiild be inscebed], stamped or otherwise permanntinily marked on monitoring well identification tags.
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3.3.3 Well 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 Procedures

Borings for mionitoring wells will be advanced using sonic drilling. The following protocols will be used

to install the wvell casing and screen:

I .Remove the PVC or stainless steel screen and riser from packaging and steam 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 minimumin 2-inch (I.D.), threaded, flush jointed,

pre-manulfactured 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 in a uniform height andi density. Take care to prevent bridging by

measuring the thickness of the filter pack as it is placed.

6. Continue removing drill casing and installing filter pack until at least 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. Install a minimum 5-foot bentonite seal. The bentonite seal will be hydrated with

potable water. Allow the bentonite seal a minimum of 4 hours of hydration time

before grouting the annulus. Deeper wells bcloxv the water table can utilize bentornte

slurry for the bentonite seal if the potential exist for the bentonite to bridge during

installation through water or drilling mud; bentonitc slunry, 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. 1)evelop well (after waiting no less than 24 hours after installation).
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3.3.3.2 Well Installation Diagrams

The field supervisor will maintain suitable logs detailing drilling and well construction practices. Well
dimensions, amount, type and manufacture of materials used to construct each well will be recorded on
the Monitoring Well Installation Diagrams (Attachment 3.1 and 3.2). Only Type 1I wells are Currently

planned for installation at DDMT. Additional information to be recorded on the monitoring well

installation diagram will inclI ite:

* Well identification

* Drilling method

* Installation date(s)

* Elevations of ground surface and the measuring point notch

a Tfota I ot ing de pt h

a Lengths and] descriptions of the screen and rising

* Thickness and descriptions of filter pack, bentonite seal, casing grout, and any
hackfillled material

* Record quantities ol all mnaterials

* SummarILIIy Of' 11Matei a penetrated by the boring

IFac h installation diagran \wVill be completed in the fiek](, reviewed in the o ffi cc and Submitted in Fan

appendix of the Technical Repor t.

3.3.4 Well Development

The purpose of well development is to create good hydraulic contact between the well and the aquifer and
to remove accumulate~d Sediments fromn the well. Eacha newly installed monitoring well will be developed.
lDrillinig fluids used during Well Construction will be removed during development. The following sections
descr ibe th pr11ocCdie fIL IC or Well I V deelpmen IIt.

3.3.4.1 Well D~evelopment P'roceduiires

Each monitoring wvellI will be developed no Sooner than 24 hours after installation to allow for adequate
gi out curting timeC. Wells will be developed using pumps equipped with surge rings or bailers. Any other
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techniques must be approved by the Project/Task Manager. The monitoring well development protocol is

as follows:

I .Measure 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 bcen removed (this is a

minimum requirement where conditions permit).

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

c. pH, temperature, turbidity, and specific conductance have stabilized. In general,

field parameters arc stable when nephelomnetric turbidity units (NTUs) are less

than 10, pH is within 0.1 on consecutive readings, 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 to 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 if the

sediment thickness remaining within the well is less than I pcrcent of the screen

length or less than 0.1I ft for screen equal or less than I 0 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 activities 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. In the event of slowly recharging wells that will not sustain pumping or bailing, the

MACTEC field staff will advise the Project/Task Manager as soon as a determination

of estimated recharge time has been made.

7. Physical characteristics of the water (suspended sediment, turbidity, temperature, pHi,

EC, purge rate, odor, etc.) will be recorded throughout the development operation. At

a 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.
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No detergents, soaps, acids, bleaches, or other additives will be used to develop a well. Well

development equipment will be decontaminated as specified in WTP I I -Sampling Equipment

Deco ntarninat ion.

3.3.4.2 Well Development Records

Well development data will be recorded on Well Development Data Sheets. An example 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 site namlie, well nagme, date, and contents. The development water will be properly disposed in

accordance with lOW procedures set forth iii the FSP

3.3.5 Well Abandonment

A fter it has been determined that a non itori rg well is no longer needed it will be abandoned. According
to the LTM Plan (CI-12M H ill, 2004), wellIs are recommended for abandonment for the following reasons:

*The test objIectives have been achieved and the well is no longer needed.

*The well is improperily constructed, i.e.:

- Well inrstalIled with improper installal ion of the oLuter caising and posit ion of
the sand pack

- WellIs with elevated pl- readings (due to improper construction)

*Tlhe wells that have improperly placed screens or long screens.

*The monitoring wells where dense non-aqueous phase liquid has been potentially
indicated.

*The well has been vandalized or damaged.

To piroperly abandon a1 Well, thle SuLIheeIC completion (concrete pad and protective casing) should be
iemove(l and thle well f illed with a cemnent/benton Ic grout from thle bottom. An alternative method is to

completely remove thle well easing and screen firom the borehole. This may be accomplished by

over-drilling the well easing down to the bottom of' the borehole, thereby removing the grout and Filter

pack materials from thle hole. The well casing should then be removed from the hole with the dr-ill rig.
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The borehole can then be backfilled with the appropriate grout material. The grout should be placed into

the borehole from thc 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 0.1I foot, the ground elevation to within 0.01 foot,

and the elevation of the top of easing (notch) within 0.01 foot will be recorded. The survey will be

referenced to the State Plane coordinate system.

3.4 POST-OPERATION

3.4.1 Field

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

* Decontaminate all field equipment.

* Ensure that installed/developed wells are secured.

* Complete logbook, making notations as to site conditions, anomalous readings, ctc.

* Complete monitoring well development records and well installation diagram.

* Ensure that related equipment and associated supplies have been shipped back to the

office.

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

* 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).
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3.4.2 Office

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

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

4.0 REFERENCES

USACE, 1998. Monitoring Well Design, Installation, and Documentation at Hazardous Toxic, and
Radioactive Waste Sites. November 1998.

USEPA, 1991. Guidace1u on Oversight of Potentially Responsible Party Remedial Investigations and
Fneasibility Studies. Final, OSWIER Directive 9835.1 Document 07019 1-I, July 1991.
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o rounadwater Sampjl inrg. U rbaina, IL: Illinois State Water Survey, I SWS Contract Report 327.
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5.0 ATTIACHIMENTlS

Attachment 3.1I- Type 11 Montitorinrg Well StickUp Install at ion Diagram
Attachment 3.2- Type 1I Monitoring Well Flush Mount Installation Diagram
Attachmient 3.3 - Well Development Record
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TYPE II MONITORING WELL INSTALLATION DIAGRAM (STICK-UP COMPLETION)

PROJECT NAME ___________________ 
PROJECT NO.

WELL NO _ _ _ _ _ _ _ _ _ _ WELL LOCATION _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DATE: _ _ _ _ _ _ _ _ _ _ _ _ _ _ TIME _ _ _ _ _ _ _ _ _ _

GROUN1D SURFACE ELEVATIOm' SBENTONITE TYPE _________________

TOP OF SCREEN ELEVAT1ON CMN o

REFERENCE POINT ELEVATION MANUFACTURER

TYPE. FILTER PACK -____ GRADATION ____

FILTER PACK MANUFACTURER~BOELEDATR

SCRE:EN MATERIAL _________________ MACTEC FIELD REPRESENTATIVE

MANUFACTURER ~~~~~~~DRILLING CONTRACTOR

SCREEN DIAMETER -______SLOT SIZE AMONTBENONTE SE (SAL

AMOUNT BENTONITE USED (SEALT)~

RISER MATERIAL-

MANUFACTURER ~~~~~~AMOUNT CEMENT USED (GROUT)

RISER DIAMETER AON ADUE

DRILLING TECHNIQUE 
d,

ALIGER/BIT SIZF AND TYPE _ ___________ STATIG WATER LEVEL (>24 hsote r dc,

MEASURED ON (Dote/Time)F~

REMARKS

(NOT TO SCALE:
ALL MEASUREMENTS IN FEET) VNE A

EIENTONITE SEAL ~ ~ ~ ~ OCABL CVE

SANDPAC OFE 'EL RELL (TOGP OL

DIMEN ~ ~ ~ ~ ~ ~ ~ ~~~~~NDCP
CONCREIE PAO ~~~LENGTH OF'

BIENCONCRTE SRE

GRP OUT TTA LN TOTLDEH
SAND PACK OF WELL (T~~~~~~~~~~~~O F ORN

GENTONIW LENGTH OF (bgs)~~TO OTTM O
CAP __________ ~ ~ ~ ~ ND AP

LIII SAND FILTER PACISE

050006.01 PREPATE SREDB/AE Al 2230
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TYPE III MONITORING WELL INSTALLATION DIAGRAM (FLUSH MOUNT COMPLETION)
PROJECT NAME __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PROJECT NO. _ _ _ _ _ _ _ _ _ _ _ _ _ _

WELL NO. _ _ _ _ _ _ _ _ _ _ _ WELL LOCATION _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DATE T__ _ _ _ _ __ _ _ _ _ IME _ _ _ _ _ _ _ _ _

GROUND SURFACE ELEVATIONI BENTONITE 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 ________________

DRILLING CONTRACTOR
SCREEN DIAMETER -______SLOT SIZE _____

AMOUNT BENTONITE USED (SEAL)

RISER MATERIAL ________________ AMOUNT BENTONITE USED (GROUT)
MANUFACTURER ________________

AMOUNT CEMENT USED (GROUT)

RISER DIAMETER _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

AMOUNT SAND USED _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DRI1LLING TECHNIOUE __________ ________

AUGER/BIT SIZE AND TYPE ___________ STA11C WATER LEVEL (>24 hrs after d.v)

MEASURED ON (Date/Time)
REMARKS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(NOT TO SCA(.E:
ALL MEASUREMENTS IN lECr)

WELL. PROTECTOR GOUND
SURFACE

CONCRETE PAD LENGTH OF ~~~~~~~~~~~DEPTH TO
CASI SOLID RISER ~~~~~~~BOTTOM

OF CASING
DEPTH TO TOP Of ___
EBENTONITTE SEAL

TOTAL. LENGTH
DEPfH TO TOP OF OF WELL (TOD
SAND PACK TO BOTTOM OF

____________ ~~~~~~~~~~~~~END CAP)

U] CONCRETE SRE

GROUT SCEN TOTAL DEPTh
OF BORING- BENTONITE 14ENTOF(6ys)

W SAND FILTER PACK L___ _________

RiL[L'ER: __ _ _ _ _ _ _ _ _ _ _ _ INSPECTOR. _ _ _ _ _ _ _ _ _ _

OA / OC DISCREPANCIES~: _________BY:_DATE:

J: \desion\Stondc~d Detoits\WeI ,nstollolion diooroma\ATACH 5-ILb8dwo 12/20/2002 3:09am roexond
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WELL DEVELOPMENT DATA

PROJECT NAME _________________ 
PROJECT No. _ ________

DEVELOPEDOBY __ ____ CHECKEDOBY _______SHEET -1 OF ___

1 . W ell No.: -__ _ _ _ _ __ _ _ _ _ Site Location: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. Date of Installation-

3. Date of Development:

4. Static waler Level: Before Development _____ It.; 24 hirs. After _______ ft ;Date/Time ______

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

6. Quantity of Water Loss During Drilling, If Used: ______________gal.

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

8. Depth From Top of Well Casing to Bottom of Well: .____ ____hf. (from Well Installation Diagram)

9. Well Diameter: . ._______in.

10. Screen Length: ..__ _ __ _ _ _ft.

11. Minimum Quantity of Water to be Removed: ..__________gal.

12. Depth to Top of Sediment: Before Development ________ft.; After Development ______ ft.

1S. Physical Character of Water (Before/After Development):

14. Type and Size of Well Development Equipment:

1 5 Description of Surge Technique, If Used: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

16. Height of Well Casing Above Ground Surface: _________ _ ht. (from Well Installation Diagram)

17. Quantity of Water Removed: __________gal. Time for Removal: ________ hr.!I min.

18. 1 -Liter Water Sample Collected: (Time) Photographed9i Y i N

19. Final Turbidity in Nephelometric Units: ..__________ NTUs

20. Final Imhoff Cone Measurements < 0.75 mLIL, If Applicable:

HF - Rev. 4/94
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(continued)

WELL DEVELOPMENT DATA
(Continued)

PROJECT NAME __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PROJECT No. _ _ _ _ _ _ _ _ _ _

DEVELOPED BY _ _____ CHECKED BY . .______ SHEET-___ OF ___

W ell No.: _ _ _ _ _ _ _ _ _ _ _ _ _ Site Location: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Date/ Hrs. Dev./ Gals. Purged./
Time Gu~m. His. Ccv. Gum. Gals. Purged pH Temp. Cond. NTUs Remarks

HF - Rev. 4194
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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 groundwater 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

3.1 ASSOCIATED PROCEDURES

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

N UMNBER NAMEI

I ~~~~~~~~General Instructions for Field Personnel

3 Well Installation and Development

7 Sample Control and Documentation

8 Sample Containers and Preservation

9 Sample Packing and Shipping

10 Sampling Equipment Decontamination

1 2 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 leader is responsible for activities listed in

WTP 1, as well as the following actions:

050006.01 WTP-4- I
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* Working with the projcct 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
pr eservatives are shipped to the site and arrive prior to the start of sampling event

* Generating appropriate paperwork for each event including; sample labels, request
for analysis forms, field sampling reports, purge forms. Shipping appropriate
paperwork and field books to the site prior to the start of sampling.

* Ordering appropriate Supplies and equipment for delivery prior to thle start of'
sampling. A generalized list of sampling equipment and supplies is provided as
Attachment 4.2

* Confirm the shipping receipts and schedule with lab and equipment suppliers

3.2.2 Field

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

employed:

* Check that reqruired sampling equipment has arrived on site.

• Conduct site set tip activities; posting of' signage and establishment of a
decontam inat ion area, and] organ izat ion and inventory of'supplies in the fielId storage
area.

* Cheek I[hatr monitor ing equipment is functioning properly, and cali brated as needed.

* En1SU IC that Sn ffiiC IC t d rum11s are on site to containerize any excess sample material
collected.

* Assign task to field teamns according to the project work plans

3.3 FIELD OPERATIONS

Prior to sampling, a field station will be established. The station will contain equipment, supplies, safety

gea , and in strtinentat ion necessary for the collection of samples. Field instruments will be calibrated],

files containing sample in formation will be processed, and sample bottles will be sorted for each sample

location according to analyses.

lFnvironmental conditions will also be noted. Each sampling site will be characterized by the following

iatCtors:

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 efforts

* Accessibility to the sampling locations (e.g., rough terrain, fallen trees, flooding, etc.)

These conditions wvili be recorded in the field 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 field activities is included as Attachment 4.6.

3.3.1 Sampling Equipment Calibration

Field measurements of groundwater physical parameters are used for groundwater sampling and for

independent measurements during remedial actions. Before, during, and after use, 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.

Field measurements will be made with a YSI 6920 or similar imulti-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 efficiency to low flow purg-ing and field sampling applications, when it is

impossible or undesirable to place a sonde down-hole in situ in a well. Calibration pr ocedures for the YSI

6920 are given as Attachment 4. 1.

3.3.2 Sample Collection Procedures

Groundwater samples may be collected from monitoring and injection wells, or piezometers. 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 groundwvater

sampling is given as Attachment 4.2.

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

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

field.

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

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

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

4. Watter levels will be mcasured before purging, during purging, and after sampling.
F'or wells with dedicated PUMPS, water levels wilt be measured ONLY if the water is
above the lop of the pumpte. DO NOT pull the pump to measure the water level. The
water level probe should be carefully lowered down the well to minimize
(list urba nce.

Caution shall be used] when opening each well to avoid fumes which may have
accu mutkited and to prevent foreign materials from entering the well. All
ground-water levels shall be mecasured to the nearest 0.01 root (fromt the well datum
II'ICIfCCrenepint) using an electronic water level indicator. Each well will be marked
with an easily i dent ifi able peima nent ye ference point that will be located on the top of'
the well casing. The dcpth to ground water will be measured fromt this reference
point to the grouind-water Su rface in the well. The depth to ground water data will be
recorded] in either at pi ojeet rield notebook or on a ground-water level measurement
shieet. The depth to thie gpound watter is Subtracted from the surveyed elevation or the
ic eference point to determine the ground-water elevation.

The waler-level indicator and] tape will be decontaminated prior to each use. The
decontai mination procedure for the wvater level indicator is.

A. H-Iand wash the calibrated tape and probe with a sol ut ion of' AlIconox (or
equivaI[len).

13. Rinse with tieion ized (Reagent Grade 11) water.

5. Measure the water level fromt the measuring point to the nearest 0.01 foot, as
specified in ASTM D4750.

6. 1)0 NOT me~asure the total depth of'the well prior to sampling. Well depth should be
obtained fromt well logs. Measurling to the bottom of the well easing may cause
re-SUSCIipnsion of settled solids.

7. If Cthe turbidity cannot be reduced to below 20 NTUs after purging for approximately
two hours (and other field parameters are stable ats indicated in the following
sections), then the fIid team leader shall be contacted for approval to~ sample the
Well. If 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 in-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 bailer:

I . Well sampling equipment will be decontaminated as specified in WIP I I - 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. NMeasuie the static water level prior to purging using a decontaminated electronic

water level indicator. The probe of the wvater level indicator will be lowered into the

well bore and the water level will be recorded.

3. Attach the Teflon coated stainless steel leader rope to the bailer and polypropylene

(or nylon) rope to the Teflon coated rope. Lower the bailer into the well, until it

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 is achieved after three suceessive

readings are within ±L 0.1 for pH, +E 3% for specific conductance, 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. If

stabilization does not occur or turbidity cannot be reduced below 20 NTU, the field

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

7. Wells should be sampled in order of increasing contamination (i.e. - samples that are
expected to be least 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 aind Documentation, and WTP-9 - Sample Containers and Preservation.

8. 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-Sanmple
Containers and Preservation. Required sample containers and holding times are
presented] in the project work plan, QAPP, and WTP-9 - Sample Containers and
Preservation.

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

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

I 1 Record field conditions, any problems encountered during sampling, and sample
appearance in the Field logbook and trans fer the information to the Field Sampling
Report (Attaichmient 4.2). [in addition to the information required in any field
sampling investigation (WTP I - Gener-al Instructions for Field Personnel), the
following inflormation will also be recorded in the logbook each time a well is purged
811(1 sampled.

* lDept h to water be lore aind after purging
* Total depth of the well (nmeasuite a fter sample collected)
* Condition o 'each we I , inc lud ing visual (i irror) survey
• The thickness ofany floating hydiocarbon layer
* Field parameters such as pi I-, conductance, teinperat Lre, and turbidity

3.3.2.2 Sampling Using a Bladder Pump

Thie slampling protocol will be as follows for the collection of groundwater samples using a stainless

steel/Teflon bladder pump:

I .Slowly and carefully lower the pumip inlet to, or slightly above, the screened interval
where representative groundwater flow is expected. In cases where the entire screen
is not saturated, place the pump inlet at or slightly above the middle of the saturated
zonle, kcepi ng in mind the Ii initat ions staled below.

2. 1)0 NOT place pump11 inle]t less rthan 2 ftet above the bottomt of the well, as tills may
cause the mobilization of' bottomn sediments. If' saturated screen length is 2 feet or
less, place pumnp inlet to, or slightly above, the middle of the screened interval.
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3. Allow at least 1 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 appropriate 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 water to recharge the

well so that little or no water level drawdown is 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 mionitor the indicator

parameters so as not to expose the sample to the atmiospherec pr ior to measurement of

the parameters. During purging, water quality indicator parameters [pH, 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 (Attachment 4.4) A minimum of 5 sets of

water quality indicator parameters should be recorded.

10. Stabilization is achieved after three successive readings are within ± 0.1I for pH, ± 10

rnV for ORP, +L 3% for specific conductance, ±L 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 minutes to

1.5 hours of purging at the recommended purge rate 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 processes.

13. If stabilization does not occur or turbidity is >20 NTU after two hours of purging, the

field team leader should be contacted for further guidance.

Wells installed in very low permeability formations (<0.1I L/minnute rechar ge rate) xvill require alternative

purging and sampling methods. Use of the usual low-flow techniques is impractical in this type of
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environment, because devices to pumip at such low flow rates are not readily available. Under these

conditions, the wells will be pumrped at the lowest practical rate, and an attempt will be made to stabilize
all parameters except 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 insuifficient volumne of water in the well is encountered, the well will be sampled

using a disposable Teflon bailer. The well will be bailed to diyness 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 mnL/mninute and collect the parameters in the

following order:

* VOCs (no headspaee)
* Methane, l'thane, Olihene (no healdspace)
* Carbon Dioxide (no hecadspace)
* TOG (no headspace)
* Sulfide (no headspace)
* Anions
* Alkalinity
* Metals (total aind (Iissolved)
• 1 i eld( Pa ra meters (libuotis iron and carbon diox ide)

3.3.2.3 Sampling Using a passive D~iffusion Hag Sampler

Select groundwater samples will be colleaced fbr VOC analyses Lising passive diffusion bag (PDB)
sampling. A typical PI)B sampler consists of' at low-density polyethylene tube closed at both ends and
fi lled with deionized water. It is positioned in the well at the desired target depth by attaching it to

weighted line, or at lixed object. The water within the bag is then allowed to equilibrate with the ambient
groundwater (ait least two weeks) before being retrieved. The sampler water is then decanted into 40 nmL

volatile organic analysis (VOA) vials aind sent to the lab for analysis~. Detai led procedures for using PDB

samplers in wells can be 1lbIind in "User's Guide for Polyethylene-Based Passive Diffusion Bag Samplers

to Obtain Volatile Or'gan1ic Compou~nd Concentrations in WellIs'' (USGS, 2001). The following is a

generali zed summlariy of PI)B sampling:

I The top anl(l bottomn of the PD B sampler will be attached to 3/16'' polyester or siminilar
non-buloyant rope str'ong enough to support the weight of the sampler and Subject to
mini ma!io stretch. The PDB will be Suspended within the well screen ait Variouis depths
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based on the measured total depth and knowledge of the location of the screen in the

well. Weights wilt 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 retrieved with the

attached line and the contents analyzed.

2. For wells with dedicated in-well pumps, the 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

P1DB will not rest in sediment settled in the bottom of the well. A stainless steel

weight will be attached to the bottom of the P1DB to counterbalance the buoyancy of

the sampler and keep it in position. The pump/PDB apparatus will then be very

carefully loxvered 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 evidence 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.

3.4 POST-OPERATION

3.4.1 Field

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

* Decontaminate equipment.

* Complete logbook, making notations as to site conditions, anomalous readings, etc.

* Ensuire that equipment and associated supplies have been shipped back to the office.

* 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 nof.

* 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.

3.4.2 Office

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

a 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 review of the
laboratory data concerning the contents.
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5.0 ATTACHMENTS

Attachment 4.1I - Sample Eq uipnment Cal ibrat ion
Attachment 4.1 la - YSI Calibration Sheet

Attachment 4.2 - General Field Supply Checklist-Sampling Activities
Attachment 4.3 - Field Sampling Report Form
Attachment 4.4 - Pur1ge Form11
Attachment 4.5 - Daily Quality Control Report Foirm
Attachment 4.6 - Site Manager - Doily Q Li k Reminder List
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ATTACHMENT 4.1

YSI 6920 Calibration Procedures

The YSI 69201 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 5.1 a)

Conductivitv

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 readings in

air. The conductivity reading should be less than 3 uIS/cm. If the readings are much higher

(>I 0 uS/cm), follow the probe cleaning procedures before calibrating the sonde

2 Pour enough 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 I ms/cm (I1000 uIS/eM) are NOT

recommended.

Recommended Calibration Standards.

Freshwater: 1 mS/cmu standard

Brackish water: 10 mS/cm standard

Seawater: 50 mS/cmn standard

3. Place 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 equilibrium to occur before proceeding.

5. Fromt the Calibrate menu, select Conductivity and then SpCond to calibrate for Specific

Conductance (or temperature-compensated conductivity). Enter the value of the standard

in mS/cm at 250C and press Enter

NOTE: The value entered MUSTrbe in mS/cm. Multiply the value in uIS/cm by lOGO to

conxecrt to mS/emn

6. Observe the conductivity readings until they stabilize and do not significantly change for

approximately 30 seconds and then press Enter. The screen 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. Escape out of the Calibrate mnenu back to the Main menui. Select Advanced and then
Cal Constant. Record the Cond cell constant which should range between 4.55 and 5.45

8. Rinse the sensois and calibration cup in DI water and then proceed to calibrate pH.

Conductivity Calibration Tips:

* Calibrate condcticfvity First to avoid carry-over fr-om other standards. NOTE: pH buffers
are highly conductive!

* Never calibrate with standards that are less than 1.0 mrS/cm. These standards are easily
interfered with by outside electrical noise (RF, etc.)

* Pro-rinse the sensor with a small amount of standard to eliminate contamination.

* En1sure' that the condUticivity probe is completely imimersed in standard. The hole in the
side of the probe MUST bc tinder the surthce of the solution and NOT have any trapped
bubbles in the openings.

* I F the meter reports "Out Of ]Range," investigate the cause. NEVER override a
calibrat ion error- Wvithout hai Ily undrICstanding the ca uSe. The most typical cause is an
incorrect entry o I the standard valiute SUtic as 1 000 (uS/cmn) rather than 1 .0 (mS/cmn).
Other -coin ion errlor-s are (I) not tisi ngenough standard to fill the cell andveintholecand
(2) air bubbles trapped in I he ccll

* When the cal ibrat ion has been accepted, check the condtrct iv ity cell constant found in the
Advuneed menuIR Under Cal Constants. The Cond cell constant shotild be 4.55 to 5.45.
ValUCS Out of' this 111nge usialblly indicate a problem with the calibration process or
calibration standard.

D I

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

1.Place enough p'. 7 btuffer into the calibration cup to immerse the pH probe, reference
junction, andL thermnistor. Al low at least I mninute for temperatUre equilibration before
rcad(inig.

2. Fromt the Calibrate menuaf, selcct IS El pH and then choose 2-Point or 3-Point
depending on the calibration pr-ocedUre required. For example, if the water to be
monitored has a p I- of 7.5, then there is no need to calibrate the probe with a pI- 4 bUffecr
- a 2 point calibration will be sufficient.

3. Enter 7.0 when prompted for the first p1- value. ALWAYS begin with pH 7. Observe the
PH reaiding and record the p1-I mV reading The p1-I rnV 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 accecpted and will prompt you to

cnter a second pH value.
NOTE: While calibrating pH, it is recommended that the pH mV readings are recorded.

To enable pH mV, select Report from the Main menu. Highlight pH rnV 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 immerse the pH probe,

reference junction, and thermistor. Allow at least I nminte 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 -1 30 to -230 in pH 10. Press enter

when the pH reading shows no significant change for approximately 30 seconds. Press

enter 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 difference must be greater

than 165 mnV. While the pH probe may continue to calibrate with less than 165 mV, this

indicates that the pH probe will soon need replacement.

6. If a 3-Point calibration is being performed, follow the directions above.

7. Rinse the sensors and calibration cup in DI water

Dissolved Oxv~cn

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

I. Place approximately 1/8 inch of water in the bottom of the calibration cup. Engage only I

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 thermistor are NOT in contact with

the water. Wait at least 10 minutes for the air in the calibration CuIP to become water

saturated and for the temperature to equilibrate.

2. Observe the DO charge reading (DO cb) and ensure that the reading ranges between 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 indicate 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 model 600XLN4, 6920, 6000, or 6600, you will need to

make sure the auto-sleep functions are disabled. To disable the auto-sleep functions, go to

the Advanced menu and select Setup. Choose Auto-sleep RS232 and press Enter to

disable. Then select Auto-sleep SDI12 and press Enter.

4. Escape out of the Calibrate menu back to the Main menu. Select 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 the DO probe anodes (silver rectangles), recondition using the 6035
reconditioning kit if they are darkened or gray in color.

* The KG! solution and membrane Should be changed prior to each long-term deployment
and at least once every 90 (lays. In addition, the KCI and membrane should be replaced if
(I) bubbles are visible tinder the membrane; (2) deposits of dried KCI appear on the
membrane or o-ring; (3) the readings are unstable; (4) the DO charge reading is out of
Lrage (<25 or >75).

* If needed install aI new membrane, making Sure that it is tightly stretched and wrinkle
free. CAUTION: If' you remove the DO probe from the sonde, be Sure to inspect the
probe port for moisture. Remove any moisture from the connector area. Also verify 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 to 6 hours after they aire installed. It IS Suggested that a calibration check be made
after this time period.

DO Calibration Check:

I. Fromn the Report menui, enable the D)0 Charge. Then go to the Run menu and start the
sonde in the lDiscrete Ru n mode ait a 4 second rate aind allow the sonde to run (burn-in)
for at least 10 minutes. Record the DO Charge (DO ch) after 5 minutes which shon ld be
25 to 75.

2. Afher the burnl-in is complete, go to the Advanced mnenu, then Setup aind confirm that the
Auto-sleep RS232 and Auto-sleep SIMl 12 functions are enabled. NOTE: Wait at least 60
seconds before proceeding to the next step.

3. Start the sonde in the lDiscrete Run mode ait a 4 second rate and record the first 10 DO)0%
numbers in yourI tog book. These numbers must stail high and gradually decrease. For1
exmuple: I110, 105, 102, 101.5, 1 01. 1, etc. It does not matter if the numbers do not reach
100%, it is only Important that they have the same high to low itrend. 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 tip can corrupt the first 2
DOX samples; disregard any low numbers that appear in this position.

4. i'hc probe is now ready to be calibrated.

Oxidaition Reduction Potential (ORP)

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

YSI 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 seconds, press Enter. The display will indicate that the calibration has

been accepted.

4. Rinse the sensors and calibration cup in DI water

Turbidit

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

1 . Place enough 0 NTU solution into the calibration cup to immerse the turbidity probe,

reference junction, and thermnistor. Allow at least 1 minute for temperature equilibration

before reading.

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

choose 2-Point.

3. Enter 0.0 at the prompt, and press Enter

4. 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 turbidity value. If needed activate the wiper 1-2 times by pressing 3-Clean

Optics as shown on the scr een, to remove any bubbles.

5. Rinse the sensors and calibration cup in DI water

6. Place enough 100 or 200 NTUJ solution into the calibration cup to immerse the turbidity

probe, reference junction, and thermistor. Allow at least I minute for temperature

equilibration before reading.

7. Enter 1 00.0 or 200 0 depending on the solution you arc using. 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.

Calibration Check

At the completion of sampling activities, and before leaving the site each night a calibration check of the

YSI 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 one minute for temperature

equilibration before reading the value and recording on the YSI calibration sheet (Attachment 5 Ia). The
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sensors and calibration cup should be rinsed with DI water between each solution. If a significant

difference (±5%) between the initial calibration and calibration cheek is observed, the Field Team Leader

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

sampling reports used during that period.

References

Water Monitoring Solution, Inc. YSI Calibration Procedures Profiling and Logging, available online;

hittp://www.waitcr-mioilitor coin. iJLly 2004.

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

DATE TIME TIME
SONDE ID__________ HANDSET ID_________
BATTERYVOTG________

DISSOLVED OXYGEN
CHANGED DO MEMBRANE? YES NO If yes, when?
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 tol.5)

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

CALIBRATION STANDARD USED pS/cm, TEMP CC

READING BEFORE CALIBRATION pS/cm, AFTER CALIBRATION PS/cm

CONDUCTIVITY CELL CONSTANT pS/cm (Range 5.0 ± 0.5)

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 MlLLI-VOLT READINGS: ______mVRange -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 -165-1 80 mV

REDOX POTENTIAL (ORP)
CALIBRATION STANDARD USED mV, CAL TEMP ..____

READING BEFORE CALIBRATION mV, AFTER CALIBRATION mV

TURBIDITY
Wiper Parked -180O 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: JPO07/13/04

CIHECKED BY/DATE AC -07/13/04
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ATTACHMENT 4.la-cantinued
YSI CALIBRATION CHECK AFTER SAMPLING

DATE TIMETIME
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? / /
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 __ _ __ _ __ D 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 pS/cm, CAL TEMP_____
VALUE .pS/cm
CONDUCTIVITY CELL CONSTANT pS/cm (Range 5.0 + 0.5)
CALIBRATION SUCCESSFUL? YES NO INITIAL_____

pH 7VALUE ___ (pH)
pH 7 MILLI-VOLT READINGS: _____mV Range -50 to +50 mV
ph 10 VALUE _____ (pH)
pH 10 MILLI-VOLT READINGS: rn____V Range -1 30 to -230 mV
pH 4VALUE ___ (pH)
pH 4 MILLI-VOLT READINGS: _____mV Range 130 to 230 mnV
Nate: Span between pH 4 and 7, 7 -and 10 mnV numbers should be -165-180 mV
CALIBRATION SUCCESSFUL? YES NO INITIAL_____

REDOX POTENTIAL (ORPI
CALIBRATION STANDARD USED mV, CAL TEMP_____
VALUE mV
CALIBRATION SUCCESSFUL? YES NO INITIAL_____

TURBIDITY
Wiper Parked -180O0from optics? Y N Note: Change wiper if probe is not parked correctly
TURBIDITY STANDARD 1 ________ (NTUs)
VALUE______ (NTUs) ~
TURBIDITY STANDARD 2 ________ (NTUs)
VALUE ______ (NTIJs)
CALIBRATION SUCCESSFUL? YES NO INITIAL_____

P3REPARE-D BY/DATE JP 07/I13/04
Ch IECKED B3Y/DATE: AC 07/13/04
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ATTACHMENT 4.2

General Field Supply Checklist-Sampling Activities

Steel Toe Workboots

full Face Respirator (with appropriate cartridges)

Safety Glasses

Logbook

Pens

Data Collection Forms

OSHA Certification Card

Tape Measure

Hard Hat

Flainmer

First Aid Kit and Emergency Eyewash Station

Overshoes

Sun Screen

Work Gloves

Disposable Gloves

Stainless Steel Bladder Pump (with extra bladders and grab plates)

Disposable 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, Methanol, and Liquinox for Decon

050006.01
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ATTACHMENT 4.3

JOB No. 6301-04-0002

FIELD SAMPLING JOB NAME DDMT TM

REPORT ~~~~~~~DATE_ TIMEREPORT ~~~~~~SAMPLING POINT:

DEPTH _ _ _ _ _ _ _ _ _

SAMPLE SAMPLE I.D. NO. ED-i
INFORMATIONI

MATERIAL: ElWATER Fli SOIL E SLUDGE El1 OTHER (LIST)
TYPE: rEl GRAB El1 COMPOSITE El OTHER (LIST) ___________

HAZARDOUS [El YES El1 NO El UNKNOWN

CONTAINER NUBR PRESERVATIVE/ OMET
TYPE V--OLUME NUMBER_ PREPARATION CMET

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

GENERAL WEATHER ______________AIR TEMPERATURE
INFORMATION

SAMPLES SHIPPED TO:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SPECIAL HANDLING:_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

MODE OF ElCAR/TRUCK El BUS El PLANE FI COMMERCIAL
SHIPMENT: VEHICLE

QAIQC

SAMPLE COLLECTED BY: ________ SAMPLING OBSERVED BY: ______

DISCREPANCIES: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

050006.01
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ATTACHMENT 4.5

DAILY QUALITY CONTROL REPORT

Report No. Contract No. ________Date: _____

Location of Work: Defense Depot, Memphis, Tennessee

Description of W ork: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Weather: ________Rainfall (inches) Avg._ Temp:____

Activities Performed:

Field Team Leader:

Tleam # :

Tream #2:

Tfeanm #3:

Team# 4:

Collected samples arc listed below:

Samples Collected:

Team I Team 2 Team 3 Team 4

Personnel On-Site:

D~ifficulties:

Visitors:

FiekldTearn Leader: ____________

050006.01
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ATTACHMENT 4.6

SITE MANAGER - DAILY OUICK REMINDER LIST

Arrival at Site
El1 Pick up sampling supplies - compare inventory packing list with shipment

El Call lab daily to check status of samples, No sample bottle breakage, COG matches what

is in cooler and samples received at correct temperature.
Instrument Calibration

El Supervise calibration of instruments and review calibration forms

El Call in for barometric pressure, used to calibrate DO for YSI meter

ElMake sure each team conducts the mid-day calibration check on the YS1 and fills out

daily form
Health and Safety

Make sure each team has appropriate PPE, first aid kit and fire extinguisher in each
vehicle, map to nearest hospital, and knowledge of emergency phone nos.

mMake sure members are aware of any team member with medical emergency issues (i.e.
allergic reactions to bees, etc.) and has necessary equipment to handle the incidence

ElMake sure each team is aware of "Stop work" PID action levels

Vehicle Load Out
ElPrepare coolers for samplers and assign locations to field teams. Emphasize QC

locations.
El Make sure each team has field test kit supplies for ferrous iron and carbon dioxide.

El Distr ibute sample folders to team members each day
Purgng and Sampling

Li 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 end of day.
n Make team member aware of IDW disposal/storage procedures. Methanol must be

containerized separately from wash water and rinse water.

Oversee 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 COG, RFAs, temperature blank, double bagged ice, trip

blank (if required), and custody seals. Complete shipping checklist.

El Remind teams to leave no equipment or valuables in vehicles parked at the hotel (due to

recent theft)

End of Day Activities
F1 Check field books, FSRs, and Purge forms for completeness daily

El Remind teams to leave no equipment or valuables in vehicles parked at the hotel (due to
recent theft)

El Remind teams to charge equipment overnight

El Fax daily reports and purge forms to Paul Brafford/Jolin Quinn daily - CO~s to Judy

H-artness
El Check schedule daily and update as needed

050006.01
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End of Shift Activities
ElCall in work hours on Friday by 10O:00AM EST for field team.
ElConduct supply inventory
flPack and return all rental supplies to vendors
flMake sure all equipment has been decontaminated and wrapped in aluminum foil and

stored neatly
ElMake Sure IDW has been sampled and labeled properly

Site M anager: _______________ _____ Date:

050006.01I
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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 specifies 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 estimate the rate of groundwater flow at a single well point. If an aquifer pump

test is considered 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

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

3 Well Installation, Development, and Abandonment

1 2 Personnel Protective Equipment Decontamination

1 3 Health and Safety Monitoring

05000601 WTP-5-1
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3.2 PREPARATION

3.2.1 Office

Prior to leaving the office for field work, the field teamn leader is responsible for activities listed in wi-PI

as well as the following actions:

Ordering appropriate supplies and equipment for delivery prior to the start of
activities. A generalized list of equipment and supplies is provided as
Attachment 5. 1.

3.2.2 Field

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

employed:

Check that requiiired equipment has arr ived on site, and is function ing properly.

3.3 FIELl) OPERATIONS

3.3.! In-Situ Hydraulic Conductivity Testing

Ilydraul ic conductivity tests will be performed on selected mnonitoring wells. The test will begin with

water level at static conditions using a "sI ig"; no lub w( ~ill be puit into the well.

The tests to be performed are termed "slug in'' and 'slug out'' tests. The "slug in'' test involves inserting a

Sl~ig (solid PVC rod) into the water columin in the well to raise the water level. The water level recovery

to the static level is recorded over time using an electronic pressure transducer and hydrologic recorder.

lReadings will be taken continuously at a I -second interval for the first minute, every 30-seconds for the

next Five minutes, and every minuinte there afterward until the static level is reached. The slUg is removed

I or thle "Shiug out' test and recovery of' the water level to the original static level is recorded over tine.

Where the screened in lerval is not futlIly saturated, Only a slng-ou1t test will be performed. This is d Le to

hie effect of thle unsatu rated fillter pack in a SI Ug-i n test, which biases the test results.

050006,01I WIT-5-2
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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 rcl n( Re / rw) * lt) *l 0 y
2 Lne. ,

Where: r, well radius
R = effective radial distance over which the head difference is dissipated
r = radial distance between the well center and the undisturbed aquifer

Lc= height of saturated screen
Y = water level Y at time zero
Y, water level Y at timet

= time since Y.

The Bouwer and Rice method was originally developed for unconfined aquifers, but it can be used tinder

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 Hvorslev Method (I-lsvorslev, 195 1) should be

used to calculate hydraulic conductivity:

r2 I

K=-
2 L T

Where: K = hydraulic conductivity
r = radius of the well easing
R = radius of the well screen
L = length of the well screen
To = time it takes for water level to rise or fall to 37% of the initial change

Once the data is collected it will be inputted to analytical software and the parameters discussed above

calculated. The test results will be reviewed by a qualified geologist/engineer for completeness and

accuracy. Test results which are considered anomalous will be identified and reported as such.

050006.01 WTP-5-3
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3.4 POST-OPERATION

3.4.1 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 groundwater
* Complete logbook, making notations as to site conditions, anomalous readings, etc.
* Ensure that equipment and associated supplies are shipped back to the office.

3.4.2 Office

* Upon return to the office, field personnel will perform the following:
* Submit logbook and any original forms to Project/Task Manager for review.
* Inventory equipment and supplies shipped back to the office.

4.0 REFERENCES

BoLIWer and Rice, 1989. The Bou)Wer and Rice S lug in Test - An Update. Groundwater. Volume 27,

No. 3.

Hlvors 1ev, M.J . 1 95 I . Time Lag and Soil PcrmeabhiIi ty in Groundwater Observations. U.S. Army Corps of

Engineers Wateway Experimentation Stat ion, B ilIlet in 36.

USA CEF, 2001 . En gin[teenng and Design Req Ldiinremets bor the Pie pa rat ion of Sampling and A nalys is

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

USEPA, 1992. RCRA Groundwater Monitoring: Draft Technical Guidance. EPA 530-R-93-O0l.

United States Environmenrtal Protection Agency. November 1992.

USEPA, 1986. RCRA Gioundwater Monitoring Technical Enforcement Guidance Document.

OSWER-9950-1I. Unlited States Envir-onmencitallProtection Agenicy. Septemnber 1986.

5.0 ATTACHMENTS

Attachment 5.1 General Field Supply Checklist-Hlydraulic Conductivity Testing

050006.0 1 w-rP-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

Tape Measure

Hard Hat

Hammaer

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, Methanol, and Liquinox for Decon
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WORK AND TEST PROCEDURE 6

INVESTIGATION DERIVED WASTE SAMPLING AND DISPOSAL

1.0 PURPOSE

The pUrpose of this Work and Test ProcedUre (WIP) is to provide guidance for collection of samples of

investigation derived waste (LOW) to be analyzed for use in the proper disposal of lOW material.

2.0 DISCUSSION

This WTP specifies details and procedures for colicting IDW samples. The project-specific workplan

will be referred to in order to determine the exact reqluiremnents. The sampling objectives will be to allow

flor efficient and proper disposal of the lOW.

3.0 PROCEI)URES

3.1 ASSOCIATED PROCEI)URES

The lollowiiig WTPs shoulid be considered in con1j Lnction with this WTP:

N UMIB ER N AMIE
I Cic~~~~~~Gneral InIstuLctions for F'ield Personnel

7 Sample Control and Documentation
S Sample Container sand Preservation
9 Sample Packing and Shipment
10 Sample Equipment Decontamination
12 Personnel Proiective Equipmenit Decontamination
13 Health and Safety Monitoring

3.2 PREPARATION

3.2.1 Officc

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

WT P I, as well as the following aictions:

Dete rmine appropriate sampling methods and en1sure- that SUfftiCien~t supplies are
skiipped to thle site;

050006.01 WT13-6-1I
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* Ensure that sufficient preprinted sample and container storage labels are shipped to

the site;

* 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:

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

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

3.3 FIELD OPERATIONS

Four categories of IDW are anticipated to be generated during the RA field activities:

* Soil cuttings from borings drilled for monitoring well installation

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

* Decontamination fluids resulting from cleaning of heavy equipment and from
decontamination of sampling equipment

* Miscellaneous waste, consisting of disposable supply containers and used personal

protective equipment (PPE) (i.e., Tyvek coveralls, boot covers, gloves and respirator
cartridges)

Disposal options for the DDMTF IDW are based primarily on contaminant concentrations of the waste

Non-hazardous wastes may be disposed of at the investigation site or off-site at a RCRA Subtitle D

facility. Hazardous wastes must be containerized and disposed off-site in accordance with RCRA Subtitle

C requirements. Attachment 6-1 illustrates the factors that will be considered in deciding how the IDW

will be managed.

IDW will be containerized at each site in 55-gallon drums or alternative storage containers which meet

the requirements of 40 Code of Federal Regulation (CFR) Subpart I - Use and Management of

Containers, including:

050006.01 WTP-6-2
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* Keeping the container in good condition
* Using containers made of material that is compatible with the waste
* Keeping the container closed during storage

A label will be placed on each 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

easy to read. Attachment 6.2 provides anl example of a typical label. Further, drums containing hazardous

waste will be labeled in accordance with applicable DOT regulations, including 49 CFR Pails 172, 173,

178 and 179.

At DD)MT, purge water from purging wells prior to sampling, developing wells, and equipment

decontamination will be transported from the well in drill iig support trucks or scaled 5-gallon buckets to

a Baker tank at Dunn Field or 55-gallon drums in the decontamination area. At the completion of

activities, the waste water will sampled from thle midpoint of the Baker tank or the drumls using

disposable Tellon bai lers. If thie concentrations are below those listed in the City of' Memphis Industrial

Wastewater Discharge Requiicements under Permnit No. S-N N3-097, the water is pumped directly from the

tank into thle City of Memphis Sewver system Via thle l)unn Field treatment system. Waste methanol

generated during (leco ntainination procedures wvill be stored separately anld treated as a hazardous waste.

Soil fr-om borings a iid mnaterial fiorn well abandonment will be p laced into 20-cubic-yard roll-off boxes.

Material in the boxes will be sampled at approximately four' locations in each box using a pre-ce anled

stain less steel spoon or ]hand auger. The miaterial to be Panalyzed for iTCLP VOCs for hinal disposal

purposes will be deposited directly into the appropriate labeled laboratory supplied containers. If TCLP

aimalyses other than VOCs are e~q i red, the rnate iial collected fromi the different locations in the box will

be comiposiled into one sample in a pt1c-cleaned stainless steel bowl. It will then be placed in the

appropriate labeled laboratory supplied containers and analyzed for the additional analyses as needed.

Upon receipt of thle 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-hiazardo LIS Investigation Derived Waste at a landfi111 approved to accept C ERGCLA off-site waste. If

thle results exceed TCLP regUlatory levels, thle mnaterial wvill be disposed of in accordance with hazardous

waste reqUiliic rens.

050006.01I WTP-6-3
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3.4 POST-OPERATION

3.4.1 Field

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

* Decontaminate or dispose of sampling equipment;

* Complete logbook, making notations as to site conditions, anomalous readings, etc.;

* Ensure that drums or containers containing investigative-derived waste are properly

labeled with the date and drum contents.

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;

* Inventory all equipment and supplies shipped back to the office;

* Make provisions for proper disposal of investigative derived waste.

4.0 REFERENCES

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

CI142M Hill, 2004. Main Installation Pre-Final Remedial Design. Prepared for the U.S. Army Engineening

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 Procedures 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 WT1P-6-4
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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: _ _Dnill Cuttings
___Purge and/or Development Water

__ _ O ther _ _ _ _ _ _ _ _ _ _ _ _

Date Placed

in Container: ________ Drum No.

Source I.D.

(Boring #, Well #,etc.)

Generator Name: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C ontact: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Phone: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

050006.01
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WORK AND TEST PROCEDURE 7

SAMPLE CONTROL AND DOCUMENTATION

1.0 PURPOSE

The pur-pose of this Work and Test Procedure (WTFP) 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 deter mine exact requirements for the sampling activities. Sample

control and documentation are requI~ired to support the legal defensibility of data generated fr-om sampling

activities. Required documents include the sampling logbooks, sample labels and seals, analytical reports,

C-C forms, and daily field sampling reports.

Relevant in format ion will be recorded in the p inject logbook. This information will include weather

cond it ions, slample (descript ion, and whetheri any unusual odors were not iced upon sample collection.

3.0 PROCEDURES

3.1 ASSOCIATEI) PROCEL)URES

The following WTIPs should be considered for reCview in conIj unction with this WTP:

N U M 1 BR NAME

I ~~~~~~~General Instructions for Field personnel
4 Groundwater Sampling
8 Samrple Containers and preservation
9 Sample Packing and Shipping
IC Samnple Eq iiipment Decontamimat ion

050006,O1 WTVP 7-1
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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 I, as well as the following actions:

* Work in conjunction with the project chemist to create a sampling plan detail

* Create a sample tracking sheet (Attachment 7. 1)

* 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;

• Record relevant data in the logbook (including ambient air temperatures, weather

conditions, sample appearance, odor, etc-).

3.3 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 Identification

Individual samples will be identified by a unique alphanumeric code (also referred to as a sample ID

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 ID, time and date of sample, sampler's

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

Dluring sampling events during the field effort, nomenclature will be used to distinguish between

categories of sampling events~, 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),

alphanumeric depth codes (if necessaiy), 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.

TB Trip Blank
FB Field Blank
ER Equipment Blank
MS Matrix spike
MSD Matrix spike duplicate
MW Monitoring well (groundwatei)
SW Surface water
SB Soil boring (0-2', 2-4', 4 -6', etc.)
Ss Surface Soil (0-6")

The identity of the trip blanks~, field 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, field, or equipment

blanks are collected in a clay, the date will be followed by a sequential number. QA/QC split sample trip

blanks and equipment blanks wvill be identi fled by adeding the suffix ''QA'' to the end of the sample ID. If'

groundwater samples are collected fromn PDl~s, each sample number must reflect the top and bottom

depth of the dliffus ion bag in the wvell.

The identity Of fieldC duplica~te samples will be concealed from the laboratory by using a Consecutively

numbered generic name indicating the area from which the duplicate was collected. For example, the first

dupflicate sample co Ilected from target t reatmient area I will be named TT A I D UP ItI. The true identity of

clupl icates/replicates will be recorded on the sampling plan detail (SPD) and field notebook. The SPDs

will be maintained in the project file and copies wvill be kept at the on-site field office. Copies of these

forms will be provided to the QA Coordinator and the data validation team as needed for their reviews.

An example SPD is presented in Attachment 7.3.

3.3.2 Completing the Log Book

The logbook is a wr itten record of sampling activities that is completed in the field during sampling. The

pur pose of the log book is to record and document field conditions or procedural exceptions that may aid

in I he analysis of data generated fromt sampling activities.

Ifrformation pertaining to environmental conditions at the Site duiring the field investigation will be noted

in thie field log book echcl clay. Information wvill be recorded in indelible ink in a log book with
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sequentially numbered pages. The recorder will sign and date each page. The following information will

be recorded for each activity:

I . Location
2. Date and time
3. Identity of people performing the activity

4. Weather conditions

For field measurements, the following information will be recorded:

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

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

I . Sample type and sampling method
2. The identity of each sample and the depth(s) from which it was collected
3. The amount of each sample
4. Sample description (e.g., color, odor, clarity)
5. Identification of sampling devices used
6. Identification of sampling conditions that might affect the reprcscntativcness of a

sample (i.e., refueling operations, damaged casings)

These criteria will be recorded in the field sampling book and used to assess sampling procedures InI

relation to the samplc data. Information that is contained elsewhere (such as in the Field Sampling Report

or thc purge Log) should be repeated in the logbook.

3.3.3 Daily Quality Control Reports (DQCRs)

Each day the Field Team 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 field. In addition, the DQCR documents personnel and

visitors at the site during field activities. Modifications to field procedures will be requested by a Field

Adjustment Form (Attachment 7.8).

3.3.4 Photographs

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

movies, slides, or photographs are taken of a site location, they are numbered to correspond to logbook
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entries. 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 required to record the aperture settings and shutter speeds for photographs taken

within the normal automatic exposure range. However, special lenses, films, filters, and other image

enhancement techniques will be avoided, since they can adversely affect the admissibility of evidence.

Adequate logbook notations and receipts will be used to account for routine file processing. Once

processed, the slides or photographic prints will be serially numbered and labeled according to the

logbook descriptions. For instant photogi-aphs , the required information will be entered on the back of

each photograph as soon as it is taken.

3.3.5 Completing Sample Labels/Tags

Sample labels will be fllled] out for each sample with an indelible pen. Where necessaiy, the label will be

protected fromt wacrtrerad solvents with clear label protection tape. Any change in the pre-prepared label

informat ion will be in it ia led by the sampler. Each label wvili contain the following in formation:

* Name or ari niti s of collector
* Date, pl1ace, and lime of collection
• Job name and number
* Sample number and/or bor ing n umber and depth
* preservative (if' requiredl)
• 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. IDetailed samipling and decontamination protocols are described in

WTP 4 - Groundwater Sampling, WTP 7 - Waste Sampling, and WTP I I - Sampling Equipment

D~econtamininat ion. A su inmary of the planned sample containers, sample vol tmes, preservation and

maximum allowable holding times from the time of' collection to analysis are presented in WTP 9 -

Sample Containers and Preservat ion.

3.3.7 Sample Custody

Sample) Custody is a part of a qualIity field or laboratory operati on. Custody of a sample is defined as:
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L Having physical possession
2. Being in view, after being in possession
3. Having possession, then being placed in a secure area
4. Being maintained in a secure area by the person who had possession last

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, in

triplicate, by the field 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-site measurement data will not be recorded. The custody

record will include, among other things, the following information:

* Name of person collecting the samples

* Date samples were collected

* Type of sampling conducted (composite/grab)

* Location of sampling station (including the site location)

* Number and type of containers used

* 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-

* Airbill Number

In addition, if' samples are known to require rapid turnaround in the laboratory because of project time

constraints or analytical concerns such as extraction 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 record 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 it is not practicable to seal the sample shippers at a Federal Express office, they will be sealed

beforehand. The duplicate custody record will, therefore, have the signature of the relinquishing field

technician and a statement of intent (for example, to Federal Express P.M. June 30, 2001).

050006 01 WTP 7-6



87 6 13 5
RASAP - Defense Depot Memphis Tennessee November 2005
Volume I1- Field Sampling Plan Revision I
MACTEC Project No. 6301-05-0006

The duplicate custody record will then be placed in a plastic bag, tapcd to the underside of the cooler lid,

and the cooler closed. The container will be tightly bound with filament tape. Finally, seals (see 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 bill or delivery note together constitute a

complete record, anti it is the responsibility of the Project Manager to ensure that all records are consistent

tand that they are made part of the permanent job file.

At the laboratory, the Sample Control Coordinator will open the package, retrieve the original record, and

complete the "Received at Laboratory by box" by affixing his/her signature. The Sample Control

Coordinator will record the condition of samples received on the Cooler Receipt Foun (Attachment 7.6).

Custody Seals: Custody seals will be precprinted, adhiesive-backed seals designed to break if disturbed.

Sample shipping containers (coolers, cardboard boxes, etc., ats appropriate) will be scaled in as many

places ats necessary to ensure security. Seals will be signed and dated before use. Upon receipt by the
laboratory, the custodian will check and certi fy, by completing logbook entries, that the seals on boxes

and bottles are intact,

S amlple H andlIi ng: The sample custodian will receive the samples for the laboratory. Hec/she will perform

hie following act ions upon sample receipt:

* IDocument whether the inlividuial samples, boxes, or ice chests were sealed upon
receipt antd document any damnaged condition of' custody seals in the appropriate
section of the cooler receipt form (Attachment 7 6).

* Check cooler temperature and record on the cooler receipt form.

* Sign C-C records, and identify the (late and time of samnple receipt.

• Check the pH of all samples except VOC samples. Notify project chemist of
discrepancies.

* Log samiples into the Receipt Logbook and compu~ter tile.

* Place sample numbers (from Receipt Logbook) on sample containers and secure the
samples in appropriate refrigeration in it.

* Complete thle Cooler receipt form.
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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 will 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 samples are

received.

The Internal C-C for the Laboratory: Once a sample is 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. Date and time of the exchange will be recorded. The sample will be shown and

this per-son is tasked with ensuring secure and appropriate handling of the sample. There will be no lapses

in sample accountability. The internal C-C form will be fully signed by each person who had contact

with the sample.

3.4 POST-OPERATION

3.4.1 Field

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

* 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 relevant information (date, time, sampler's identification).

* Maintain custody of samples, maintaining them as specified for the analyses to be

performed.

* Prepare samples for shipment to the laboratory.

* Complete the C-C forms.
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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.e.,
holding times for hexavalent chromium).

* Verify completion of logbook, ensuring that required information has been recorded.

Upon completion of the field effort, ensure that associatcd supplies have been shipped back to the office,

rental company, or laboratory as necded.

3.4.2 Office

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

* Submit logbook and any original forms to Project Manager for review.

* Inventoiy equipment and supplies shipped back to the office.

* Contact the laboratoiy to verify that samples were received in good condition and
that requested analyses arle understood.

4.0 REFERENCES

C 1-12 M HIill, 2004. Long-Term Groundwater M onitoning Plan. Prepared orn the U.S. Army Engineering

awl Support Center, I-li ntsv illI. July 2002.

EIM , I1991 a. Install at ion Restoration Progra i Informiation Managemnent Systems Data Loading

Handbook. ElM, Brooks Air Force Base, Texas.

ElM, I1991Ib. Install at ion Restoration Program In format ion Management Systems Contractor Data

Loading Tool User's Matnual. ElM, Brooks Air Force Base, Texas.

USAGE, 2001. Engineering and Design Requirements lbr the Preparation of Sampling and Analysis

Plans, Depart(ment of the Army, Washington D.C. Februar y 1, 200 1.

US EPA, 2001 . Environmiental Investigations Standard Operating Procedlures and Quality Assurance

M anutal, Environmental Compliance Branch, Athens, Georgia, November, 2001I
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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 - Field Adjustment Form
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ATTACHMENT 7.2
EXAMPLE LABEL

Sarnplel tl) : _ _ _ _ _ _ _ _ _ _ _ _

M atrix: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Analysis: _ _ _ _ _ _ _ _ _ _ _ _ _ _

Container: _ _ _ _ _ _ _ _ _ _ _ _ _

Preservative: _____________

Proj ecttt: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Location: _ _ _ _ _ _ _ _ _ _ _ _

Date: ________Time:________

Initials: _ _ _ _ _ _ _ _ _ _ _ _

MACTEC, Inc.

050006.01
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Parameter V'OCS Anions
(Nitrate & Sulfate)

Method SW8260B B 300.0
Container 40 mL VOA vial 250 mLt Plastic

Preservative HCI to pH<2. No Prese~rvative

Cool to 4'C Cool to 4'C

Sample ID Comment Date Time STL CEMRD STL CE.MRD

I PX-l I0 Deep Well ______ _ ______ 3 0

2 PX-2 _ _ _ _ _ _ _ 3 0

3 PX-4 _____ __ 3 0

4 PX-6 _____3 0

5 PX-8 3__ _ _- 0

6 PX-9' 3
7 PX-10- _____ 3

S PX-lII*___________ 3

9 PX-12P 3
tO PX-14- 3

II ENX-tM Collect Dup/Split ______ ____ 3

12 PX-16* _ _ _ _ _ _ _ _ _ _ 3

13 PX-17* 3
14 PN-I15* Collect MS/MSD ___ ____ ______ 9 3

IS EN- 19* Collect Drip/Sphl 3_______ ________ -

16 PX-20 _ _ _ _ _ _ _ _ _ 3 0

17 PEN-21 _ _ _ _ _ _ _ _ _ _ _ 3 0

IS EX-24' 3
19 FX-25* 3

201 PX-26' _ _ _ _ _ _ _ _ _ _ 3

21 PEN-35 __ _ __ _ 3

22 PXDUpI * Dup of 'Nx-O ____9____ 3_______

23 ENDup2* Dup of EN- IS _______ ______ 3

24 PX-19QA
t Split of, PX-lO ________ _______ 3

25 PX-15QA* Split nUN-IS 3 _____

TOTAL 75 6is 2

26 ENEQB-1 * 3
TOTAL 3

27 TB-______ Ti tp B lank () _______ ______ 2

28 TB- ____ Titp Blank (a) _____ _____ 2

29 TB- ____ Trip Blank (a) ______ _____ 2

30 TB- ____ Trip Blank (a) ______ _____ 2

3 1TB-______ Trip Blank (a) _______ ______ 2

32 TB-______ QA Tr ip Blank (a) _______ ______2

33 TB- ____ QA Tiop Bflank (a) 2_____ _____

34 TB-____C_ A Trip Blank (a) 2____________________

TOTAL. 10 6

*Wells to be addittotially sampled for nitrate, sulfate, mrethane.
and alkalinity

**The labnoraory does not perform. MS/M SD onl Methane

- Do not collect extra, jial for MSIMSD

** * quipment lblanks will not be collected onl dedicated equipment

However, if for any reason the dedicuied equipment cannot be used.

an cequipment blank will be collected for each analytitea metho.d

()A slur nraiiibe, rf 1rp blanuks based o..n number of shuttle- to bv stripped
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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 VGA wfseptum 3 HCL to pH<2 Vocs SW8260B SW5030B
Cool to 4 C

500 mL Plastic 1 No Preservative AnionslSulfatefBromide/Alk E310 1/E300.0
Cool to 4 C

40 mL VGA w/septum 2 HCL to pH<2 Total Organic Carbon SW9060
Cool to 4 C

40 mL. VGA wlseptum 2 HNO3 to pH <2/Cool to 4C Dissolved Organic Carbon E415 1
Field Filter

500 ml- Plastic I ZnAc & NaCH to pH>9 Sulfide E376 1
Cool to 4 C

1 L Poly 1 HN03 to pH <2 Total Metals (As, Mn, Se) SW60I0B
Cool to 4 C

40 ml- VOA w/septumn 2 HCL to pH<2 Methane/Ethane/Ethene RSK 175
Cool to 4 C

40 mL. Amber VGA w/septum 3 No Preservative Metabolic Fatty Acids
Cool to 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 BOT7OM OF PAGE 2 OF TinS FORM TO NOTE DETAILS CONCERNING CHECK-IN
PROBLEMS.

A. PRELIMINARY EXAMINATION PHASE: Date cooler was opened: _ ________

by (print)__________________(sign) ~~

I . Did cooler come with ashipping slip (air bill, etc) )........................YES No
If YES, enter carrier name & air bill number here: ______________________

2. Were custody seals on outside of cooler9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES. NO
How many & where ___________seal date: _________ seal name:_______

3. Were custody seals unbroken and intact at the date and lime of arrival? ......... YES NO

4. Did you screen samples for radioactivity using the Geiger counter?9 . .. . . . . . . . . . YES NO

5. Were custody papers int a plastic bag & taped inside to the lid? ............... YES NO

6. Were custody papers filled out properly (ink, signed, etc.)9. . . . . . . . . . . . . . . . . YES NO

7. Did you sign custody papers in the appropriate place' . .................... YES NO

S. Was the project identifiable from custody papers? If YES, enter project name
at the lop of this form .............................................. YES NO

9. Were temperature blanrks used' ................. .. YES NO
Cooler T emperature CC) Thermometer HD No._________

It, Nave destgnated person tnitial 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 all bottles sealed in separate plastic bags?9 ............. YES NO

13. Did all bottles arrive unibroken with labels in good condition? ........ YES NO

14. Were all bottle labels complete (ID, date, time, signature, preservative, etc.)?9 . .. YES NO

15. Did all bottle labels agree with custody papers9. . . .. . . . . . . . . . . . . . . . . . . YES NO

16. Were correct containers used for the tests indicated' ......... ............. YES NO

17. Were samples preserved to correct pH-, if applicable?......... ............. YES NO

IS. Was a sufficient amount of samrplen sent for tests indicated' ............. .... YES NO

19. Were bubbles absent in volatile organic arnalysis (VOA) samples? If NO, list
VGA samples below...... ......................... . ..... .. ..... YES NO

20. Was the project manager called and status discussed? If YES, give details
on the bottom of this form........ .................. .... .... ....... ~Y E.S NO

20. Who was called? __________ By whom? __________ (date)___________

050006.01 PREP1ARED BY/DATE. JAIl 10/1 1/02

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 oif W ork: ________________________

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:

Tream I Team 2 Team 3 Team 4

Personnel On-Site:

Difficulties:

Visitors:

Field Team Leader: _____

050006 01
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ATTACHMENT 7.8

/A/"M AGrTEG
FIELD ADJUSTMENT FORM

Date: _______________________

Project: Defense Depot Memphis Tennessee

Project Number: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Field Effort: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Description of field adjustment and rationale:

Prepared by/Title: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I have read the above description and rationale and concur with the adjustment

req uested:

Signature Date

050006.0 1 PREPARED BY/DATE: JAI] 10/1 1/02
C1 ECKED 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 specified 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 requirements.

The selection of suitable containers will prevent contamination of sample from container materials.

Adequate preservation of the samples by prescribed methods will ensure that no biological 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 typc and preservation methods are

analytical method-specific.

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

4 Groundwater Sampling

7 Sample Control and Documentation

9 Sample Packing and Shipping

10 Sample Equipment Decontamination

050006.01 WTP-8-1I
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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

WITP , as well as the following actions:

* Work with the project chemnist to generate a sampling plan detail listing the wells and
constituents to be sampled

* Coordinate with the analytical laboratoty to ensure that the sample containers, and
preservatives are shipped to the site and arrive prior to the start of sampling event

3.2.2 Field

After arrival on site, buit prior to commencement of operations, the following procedUres will be

em1ployed:

*Check that sufficient sample containers, preservatives and coolers are present on site
lbor storage and shipment.

3.3 FIELD OPERATIONS

3.3.1 Sample Container Seleetion/Preparation

T]he sample container to be selected is mnatrix and method specific. Sample containers arc specified and

selected to ensure' that little, if' any chemicals are trans ferred f-rom the sample containers to thle sample

itself', thereby skewing the results. The sample containers will he pre-c leaned and provided to MACTEC

by the laboratory. Cleaning procedures will be performed according to USEPA guidelines. A sumnmary of

recoinmended Sample containties is provided by method in Attachment S.]

3.3.2 Sample Preservation

Samples are generally collected into containers containing preserva tivye in the field prior to shipp ing to the

laboratory to min iimize any chemical Or physical Changes to the Sample Contents d trin~g shipment. Sanipl e

preservation and temperattire will be checked i mmedi atelIy upon receipt of samnples at the laboratory. The
results of' these checks wvill be recorded on the cooler receipt form. A sLummrary of recommended

preservation techn iq ties by mnatrix by method is sunmmanized in Attachment 8. 1

050006.01 \VTP-8-2
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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 collected 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 each method and

matrix listed in Attachment 8. I. 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 time 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.

3.4 POST OPERATION

3.4.1 Field

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

* 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).

* Maintain custody of samples, maintaining them as specified for the analyses to be
performed.

* Prepare samples for shipment to the laboratoiy.

* Complete the C-C formis and other relevant information.

• Contact the laboratory to verify that samples are received in good condition and that

request for analyses are understood.

Upon completion of the field effort ensure that associated supplies have been properly stored, disposed of

or shipped back to the office as appropriate.

05,0006 01 WTP-8-3
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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.

* Inventory equipment and supplies shipped back to the office.

* Contact the laboratory to verify that samples were received in good condition and
that requested analyses are understood.

4.0 REFERENCES

USAGE, 2001. Engineering and Design Requiremtents for- the Preparation of Sampling and Analysis

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

USIi1PA, 2001 . Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual, Environmental Compliance Branch, Athens, Georgia, Novemnber, 200 1

5.0 ATITACHIMENTS

Attachment 8. I - Requ remC~enIus for Containers, preservation Techniques, and Hol0ding Times for
(itou~ndWater Sanpl s

At achnmen 1 8.2 - Requitcinrerens for Containers, Preservation Teechaniqucs, and Holding Times for Soil
Sa rp Ies

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 requiremcnts for a

specific project.

The goals for sample packing and shipping are that: I) the integrity of the sample is maintained, and 2) no

personnel exposure 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 either environmental samples or as hazardous materials based on thc

expected contaminant concentrations. While the concentration of constituents in the sample is not

generally known prior to shipment of the sample, inferences can be made based on the site location and

knowledge of past activities, observations during collection, and past sample results. Hazardous naterials

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 mixture. Environmental samples are generally media with

low-level 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 cairiers (e.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 personnel are unsure regarding shipping

regulations, they will immediately contact the carrier of choice (e.g-., Federal Express, UPS, DHL. etc.)

for shipping guidance.

050006.01 WTP-9-1I
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3.0 PROCEDURES

3.1 ASSOCIAT ED PROCEDURES

The following WTPs will be reviewed in conjunction with this field effort:

NUMBER NAME
I ~~~~~~~General InstruLctions for Field Personnel

4 Grou~ndwater Sampling
6 Investigation Derived Waste Disposal
7 Sample Control and Documentation
8 Sample Containers and Preservation
I 0 Sample Eq iii pent Decontamination
I I Soil Sampling

3.2 PREPARATION

3.2.1 Office

Prior to ceay ug thle olfice fbr field wvork, the field teamn leader is responsible for activities li sted in

WIT P, Ias well as the roll owing act ioils:

Work wvith the project chemist to CenSUiCr that a Sitffic ient 11iiiOtint of' sample
containers, sample transportation conta inets, and1( sample packing material have been
s hi pjed to the site based onl the total number of samples and average nlumber of
samples to be collected per day.

Develop guidelines onl the tlnumber/type of' samples per shipper based onl type or'
samples being collected and analytical results fromn past sampling events at the
sitc(i.e. VOCs in one cooler to limnit the number of trip blanks needed, samples from
high concentration wells packed in separate cooler to prevent cross contamnination)

3.2.2 Field

After arrival onl site, but pr'ior to commencement or' operations, thle f'ollowing procedures will be

employed:

* Cheek that required sample containers, sample transport containers, and packing
material are on-site.

050006.01 WIT'-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 general guidelines for sample shipment.

• The samples will be shipped to the laboratory by an overnight courier service.

* 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 40C

until the first possible courier shipment.

* Glass sample containers will be placed inside 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.

* All sample bottles will be placed in coolers supplied by the laboratory in such a

manner as to eliminate 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 40C throughout shipment.

* Special arrangements will be made with the laboratory's point-of-contact for samples

that are to be delivered to a laboratory on a Saturday so that hold times and/or sample

preser vations ar e not compromised.

In order to (lemonstiate that the samples and coolers have not been tampered with during shipment,

custody seals 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

xvill 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 pure product) be shipped in the same

container as a low level contaminated sample (such as environmental soil and groundwater samples).

This procedure is to minimize the possibility of cross-contamination.

3.4 POST-OPERATION

3.4.1 Field

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

050006 01 WVTP-9-3



8 76 1 59
RASAP -Defentse Depot Mlemphis Tennessee November 2005
Volume I - Field Sampling Plan Revision I
MA CTEC Project No. 6301-05-0006

* Ensure that the sample transport containers are properly packed and are in
compliance with DOT and IATA regulations.

• Confirm receipt of samples at laboratory.

* Fill out sample tracking form noting sample shipment

3.4.2 Office

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

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

4.0 REFERENCES

Code of'Federal Regulations, Part 49, Sections 100-1 99.

USAGE-, 2001. [Engineering and Design Requirements for the Preparation of Sampling and Analysis
P1 ats, Department oft he Army, Washington D.C. Fcbr utry I , 200 I.

USE PA, 2001I. En vi ronnmental Investigations Standard Operating Procedures and Quality Assurance
Manna I, Eniromenta11Cll Coinpl iancc Brane I, Athens, Georgia, November, 2001.

5.0 ATTACHMENTS

Attachmrent 9.1I - Sampling Hlandl ing, Packing & Shipping Instructions Checkli st

050006.01 WIT-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 ensure that all project samples,

documents, and materials are included in the sample shipper.

PROJECT SAMPLES

El All samples, duplicates, MS/MSDs, equipment blanks, ambient blanks, and trip blanks should be

included in the cooler that are listed on the COC.

El Verify that the proper number of bottles with appropriate preservative(s) were collected for each

sample
EiVerify that samples were checked for pH (except volatile samples)

DOCUMENTS

IL Chain-of-Custody (COC) generated for each cooler

w- Review' the COC for completeness, including appropriate signature(s) and date(s), and include the

courier tracking/shipping number on the COC

flI Request for Analysis (RFA) form for every sample included in the cooler

fl The COC and REAs should be placed in a Ziploc bag and taped to the underside of the cooler lid

fl Custody seals should be placed on the front and back of each cooler

PACKING MATERIALS

u- Verify that ice is "double-bagged" and is sufficient to maintain a temperature of 4'C

n Glass bottles should be placed in a bubble bag to prevent breakage and leakage

IL Place highly contaminated samples (if known) together
F ~Place a trip blank in each cooler that contains samples for VOC analyses at beginning of day

flTo minimize the number of trip blanks, place all VOC samples in the same cooler

ILEach cooler contain a temperature blank

ILAll sample coolers insured by shipper ($1000.00)

Comments:-

Checklist Completed By:___________________Date: .._______

Note: This Checklist should be included in thie project file with the field documents.

050006 01
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WORK AND TEST PROCEDURE IO

FIELD EQUIPMENT DECONTAMINATION

1.0 PURPOSE

The pur-pose of this Work and Test Procedure (WTP) is to provide guidance for- the proper
decontamination of field equipment. This WTP also provides guidance for collection of equipment
rinsates that will Measure the quality of the decontamination procedure.

2.0 DISCUSSION

T]his WIT specifies details and procedures for decontamnination of' field equipment that may become
contamninated as a result of Field sampling activities. The decontamination of samppling equipment will
help prevent cross-contamnination of samples collected at one location With residual contamination from
samples collected at another Ilocat ion; will help prevent ex postt i ofindi vidualIs to residim I contamination
present on the eqiuipment; and will help) pr-event the spread of' contami nat ion via sampling equipment.
Proper decontamination procedures will also support the legal defensibility of' data generated as a
component of' investigative activities.

D~econtaminination Proced ires Will be evaluated by the collection of equ iplment riinsatcs. These samples
consist of' reagent water coillected fromn final i-inse of' sampling eq uipmc nt after the decontamination

procedure has been per-fornied. The shamples are analyzed] with the environmental sample to assess the
adequLacy offthe decontamination performed.

3.0 PROCEI)URES

3.1 ASSOCIATEI) PROCEDURES

The following WTI's should be reviewed in con1junction With this WTP:

N U MBEll NAMEi

I ~~~~~~~General Instructions for Field Personnel
2 Drilling
3 Well Installation, Development, and Abandonment
4 G roundlwatcr Sampling
5 I- lydriaulie Conducti vity Testing

050006.01 WTP-10-1
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NUMBER NAME

6 Investigative Derived Waste Disposal

7 Sample Control and Documentation

S Sample Containers and Preservation

9 Sample Packing and Shipping

I I Soil 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 cxpected 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:

* Verifiy that decontamination supplies and equipment have arrived on site.

* Set up decontamination area(s).

3.3 FIELD OPERATIONS

3.3.1 Decontamination Area

The location of the decontamination area, used primarily for larger pieces of equipment, will be

deteiinined in consultation with DRC personnel. The decontamination pad xwill consist of a sump lined

with 6-miU polyethylene sheeting. The sump will be constructed by either 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 firomn the municipal water treatment system will be used as a rinse in the decontamination

procedure. The Field Team Leader will be responsible for coordinating with DRC personnel to secure an

050006.01 WTP-1I0-2
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adequate 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 each tank used.

3.3.3 Decontamination Procedures

Th'e required decontamination procedure for large pieces of equipment such as drill rigs, auger flights,

and drilling and well casing, is:

I. Wash the external surface of equipment or materials with high pressure hot water and
Alconox or equivalent, and Scrub with brushies if neeessary until all visible dirt,
grime, grease, oil, loose paint, rust flakes, etc., have been rinsed from the equipment
into a collection structure.

2. Air dry.

3. Decontamination solutions wvill be stored in tanks or drumns and ma intai ned at the site
until analyses have been completed.

The requi red decontamination procedure for- sampling eqtiipment except the water level indicator probe

is:

1.Wash and sci ub with Aleconox or eq iiiva lent detergent.

2. Double tap water rinse.

3. Rinse with American Society flor T esting and Materials (ASTM) Type II Reagent -
Grade Water

4. A pesticide grade methanol spray rinse (all solvents must be pesticide grade or better)
in a stainless steel bowl. The methanol waste will be conitainerized separate from
Purge water and disposed oIfas a hazardous waste.

5. Rinse with ASTM Type II Reagent - grade water.

6. Wrap in oil free a Itm in 111 foil for transport.

Th'le decontamininat ion procedure for the water level indicator aind the oilI/water interface probe is:

I-lHand wash the calibrated tape and probe with a solution of Alconox (or equivalent).
2, Rinse with deioinized (Reagent Grade 11) water.

0500)06.01I WTP- 10-3
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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 lcast 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.

SampligEqimet Equipment rinsates will be obtained from decontaminated bladder pumps, bailers,

HydroPunch sampler, stainless steel split-spoons, hand augers, sludge samplers, Ponar dredges, stainless

steel bowls, and beakers with ASTN4 Type II water or better.

The equipment rinsate protocol will be as follows:

a. Label Sample Container - Label thc sample container as outlined in WTP 7

b. Collect Samplc - 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 11 water (or better) will be poured over and

through sampling equipment (i.e., .split-spoon, bailer, stainless steel beaker) into a cleaned

stainless steel bowl (preferably the equipment and bowl to be used on a specifically

identifiable sample location). Water collected will then be poured into the appropriate

sample container. Repeat the process as necessaiy 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). Cheek that the Teflon on the Teflon- lined silicone septum is toward the

sample in the caps and secure the cap tightly. If semi-volatile compounds are to be sampled

for, collect these samples next. Proceed to the collection of samples for the remaining

analyses. Be careful of all pre-preserved bottles. If acids are present, open the bottle

downwind and away from the body.

c. Custod, Handlin g and Shipping - Complete the procedures as outlined in WTPs 8 - Sample

Control and Documentation and 10 - Sample Packing and Shipping.

3.4 POST OPERATION

3.4.1 Field

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

050006.01 WTP- 10-4
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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, field personnel will perform the following:

* Submit logbook and any original forms to Task/Project Manager for review.

* Inventoiy equipment and supplies shipped back to the office

• Arrange for proper disposal of the decontamination derived waste after detennination
of its contents.

4.0 REFERENCES

us EPA, 200!1. Environ mental In vest igat ions Standard Operat i rg Procedures and Quality A ssu a nce

Mania I, En vironmnentalI Compliance Branch, Athens, Georgia, Novemnber, 2001.

USA CE, 2001I Engineering and Design ReqU Iuiimcin S for the Pr-cparat ion of' Sampling and Analysis

Plais, Department ofrthe Army, Washington l).C February I , 2001I

5.0 ATTACHMIVENTS

None

050006.01 WiTP-10-5
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WORK AND TEST PROCEDURE 11

SOIL SAMPLING

1.0 PURPOSE

The purpose of this Work and Test Procedure (WIP) is to provide guidance for collection of soil samples

for analytical analysis.

2.0 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 in the project specific work plan. The soil samples will be analyzed to identify chemical

constituents and their conceintrations.

3.0 PROCEDURES

3.1 ASSOCIATED PROCEDURES

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

NUMBEFR NAME

I ~~~~~~~~General Instructions for Field Personnel

2 Drilling Operations

7 Sample Control and Documentation

S Sample Containers and Preservation

9 Sample Packing and Shipping

I 0 Sampling Equipment Decontamination

1 2 Personnel Protective Equipment Decontamination

1 3 Health and Safety Monitoring

050006.01 WTP-I 1-1
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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
I. A general list of'supplies needed for soil sampling is given as Attachment 11. 1.

3.2.2 Field

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

* Ensure that required sampgling equipment has arrived on site.

* Ensure that sufficient drumis or other containers are on site to containerize any excess
sample material collected.

3.3 HAELl) OPERATIONS

Soil excavation anti] sampling procedures will be superv isetd by a qua!lified geologist or engineers. The
sample locations will be speci lied in the project speciftic work plain. Soil sampling and QUality

Assurance/Quality Conti ol procedUres will be supervised by the seinio/project chemist.

3.3.1I Soil Sampling

Soils will generally be described in accordance with the 1990 ASTM D-2488-90, Standard Practicefibr
IDcscripton COnd Identl~fiCCtifln of Soils (Visural-Manual Procedure). Descriptive in formation to be
recortled in the fi eldt will i nel tde:

* Identification of the predominant particle size and range of particle sizes
* Percent of gravel, sand, lines, or all three
* Description of grading and sorting of coarse particles
* Particle anguilarity and shape
* Maximnum particle size or dimension

Thie plast icily of' fines tlescri pt ion will i nclude:

* Color uising MutnsellI Color System
* Moistutre (dry, wet, or mm ost)

t)50006,t01 WTP-I 1-2



876 16 8

RASAP -Defense Depot Memphis Tennessee November 2005

Volume I - Field Sampling Plan Revision]I

MACFEC Project No. 6301-05-0006

* Consistency of fine grained soils
* Structure of consolidated materials

* 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, presence 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 soil borings, the following sampling devices may be used:

* Chemical Sample Collection: 2 or 3-inch diameter carbon steel split-barrel sampler

lined with California brass rings (CBRs)

* (jeotechnical 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, soil samples will be collected continuously as 10-foot

sections of soil cores. These cores are 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 FIB or PID_ The

headspace samples will be brought (if necessary) to a temperature of between 20 0 C (680 F) and 320 C

(90'F), and the reading will be obtained 5 minutes thereafter. The soil sample will be split into two jars

and readings will be made with the PID/FID (unfiltered) on one jar. If the reading is greater than 10 pails

per million (ppm), a reading will be made on the second jar with an activated charcoal filter on the FID. A

total Colrected hydrocarbon measurement of the sample will be calculated by subtracting the filtered

reading from the unfiltered reading.
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The headspace samples will be collected and analyzed using the following procedure:

I .From the sampling location within the soil core, remove the top I to 2 inches of soil
using a decontaminated stainless steel spoon.

2. Fill V/2 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. Al low the sample vapors to cqui librate in the jars (approximately 5 minutes).

5. Punch a hole in the aluminum roil with the tip ol' a calibrated P1 f/Fl I.

6. Record the highest reading.

7. If the reading is > 10 ppm, repeat Steps 5 and 6 with the activated charcoal filter on
the calibrated lID for the second jar.

Selected soil samples may be collected ror laboratory analysis based upon the results of the
lieadspace screening. At these selected locations, samples for VOC analysis will be collected

Lisi ng an En core or Terracore sampler, or acceptable equ ival en!.

The proceduare ror collection or VOC samples using an Encore " San11111cr are as follows:

I Re move sampler and] cap from package aind attach T-hand Ic to the 5-gram sampler
body.

2. Quickly push the samipler into a freshlyV CXposed S ~irthee of'soil at il the sampler is
till.

3. Carefully wipe thle exterior- of the sampler head with a clean disposable paper towel
so that the cap can be ti gltly attached.

4. PushI cap on with a twisting motion to attach and seal the sanip icr.

5. Attach the label oilto tile samplier body, pl ace tile sampler i ito a plastic Zip loci bag
and place into a cooler with ice.

6. Repeat steps I t hrougll 5 for thle reminalling 5-gramn and 25-granm saimpler.

7. Collect a bulk soil sxallple ror screening and moisture determination in a 2 or
4-ounee wide Ilout I gIlass jar. Fill tile jar coipllIetely allowing 1o lheadspace. Place
lhe saalp Ic in a1 Cooler conta iillinig ice.

8 .T1'01O~hly mnix reainain g soil and place into speci lied labeled containers ror
renalanini ig parmIleters.

9. Place samplpe bottles imb Ziploc or bubble bag and il ani 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.

II. Record field conditions, any problems encountered during sampling and sample

appearance in the field logbook and the Field Sampling Report Form and Daily

Quality Control Report Form.

The procedure for collection of VOC samples using a Terracore Sampler are as follows:

I . Label appropriate laboratory containers

2. Quickly push the sampler (TeiTacore 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 dsceribed in EPA method 5035A. The extruded core is

transferred into a laboratory pre-weighed (tared) VOA vial with septum cap.

Unpreserved VOA vials must be analyzed 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 ZiplocTM' bag and place into a cooler with ice.

6. Complete C-C documentation and shipping procedures in accordance with WTPs 7

and 9.

Addition~ally, 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 screened. The TOC samples will

be collected from the soil core using a pre-cleaned stainless steel spoon and placed in the

appropriate laboratory supplied 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 examined 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 wvill also be collected firom 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 pro-specified

intervals firom soil borings.

A boring will be advanced by using a trowel, hand-augering, or using a power-driven hand held auger to
the predetcnmined sample depths at each site. 'fhe sample collection procedures are described below.

I .Prior to sampling, don the appropriate PPE and set tip safety zones as requiredh

2. Decontaminate sampling equipment in accordance with the procedures specified in
WTP 10 and the project-specific work plan prior to the start of sampling. When not
in use, place tools on clean polypropylene sheeting

3. Label sample bottles as described in WIT-7.

4. Excavate using at shovel or garden trowel as necessary to remove gravel, sod or
vegetation overlying the soil stratUml to expose the sample location. A pry-bar may be
reclui re(l to excavate paving materials present at ai site.

5. F~or surlaice soils, advance the hand aiger to 6 inches and retrieve f-rom boring
I oca lion.

a. Place soil in at stainless steel bowl ,and imined iate ly sample for volatile organic
Canalysis as described inl thle following procedure:

6. F~ollow the procedu me outli ned in 3.3.2. I , Encore iN! Sampler

3.3.1.3 Soil Sampling Using a Split-Spoon and Shelby Tube Samplers

Siibsurlhce Soil samples may be collected using a drill rig and split-spoon and Shelby Tube samplers.
Sampling will be completed using dr-ill rig or direct push rig capable of driving the samplers. The drive
shoe onl the rig will be properly equipped with a basket-retainer/ring assembly, anti the drive weight
assembly will consist of' a I140-pou nd weight, a driving headl, and a gui ite permitting a free fall of
30-inches.

Procedures for soil sampling Lising the split-spoon sampler are describedl below. A standard penetration
lest, followinlg the guidance of' American Society of Testing Methods 01586, will be performed every
time a split -spoon siample 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-spoon 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 waste (H-TW) log. The

Site Geologist will describe the materials encountered at each depth interval on the

H4TW 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 TM Sampler Procedures are to be performed:

a. Follow the procedure outlined in 3.3 1, Encore TM Sampler.

b. Collect samples for VOC analysis as soon as possible after splitting the spoon,

taking care to cause as little disturbance to the sample as possible. If split

samples arc to be collected, use a decontaminated stainless steel spoon to split the

tube contents in half longitudinally.

3. Collect a bulk soil sample for screening and moisture determination into a 2 or

4-ounce wide mouth glass jar. Fill the jar completely allowing no headspace. Place

the sample in a cooler containing ice.

4. 'Thoroughly mix remaining soil and place into specified labeled containers for

remaining parameters.

5. Place samples for geotechnical analysis into a clear 8-ounce jar. Label the sample

containers as specified in the WTP-7T The jars containing the geotechnical samples

will be labeled as to the collection date, location, site name, and blow counts.

6. When soil sampling is 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 problems 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 small backhoe and provide opportunity for visual

inspection and to obtain bulk samples if required. Excavation activities 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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excavating 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 in the work plan. If underground utilities are expected,
the exact location(s) of the utilities Will be determined prior to beginning excavation operations.
Underground installations will be protected, Supported, or removed while the excavation is open. A
barrier or tape should be placed around the pit area to Warn personnel of its presence.

Equipment will be placed at least 2 feet from the edge of an excavations, and excavations will be sloped
at an angle not steeper than one and one-half horizontal to one vertical [29 CFR Ch. XVII (7-1-92
Edition)]. A ladder, ramnp, or other safe means of egress will be located in excavations that are 4 feet or
more in depth. Iffthe test pit is to be dug adjacent to a building or other Structure, support systemIs Such as
shoring, bracing, or underpinning will be provided by the subcontractor. Soil will be removed in lifts.
I-lande( excavation may be necessary to identify buried objects near thle SUrIteeC (approximately tipper four
lect). Test pits will not extend below the water table.

The approximate extent of excavation will be specified in the work plan. If on-site MACTEC personnel
are sal isficd Ihat thle contents of the anomnalous area have been identi fled, the test pit may be closed prior
to reaching the excavation Ii nnits set in thle work p an. Excavation xvill not co ntin te beyond the firinits
estimated in the work plan without approval fromt the Poi oect/Task Manager.

Air quality tests will be per formed before a worker- enters an excavation miore than 4 feet deep when the
potential for a hazardous Statmosphere exists. Tests will be conducted as often as necessary to ensure thle

(lUal ity antd quantity of the atmosphere. This includes checks for flammnable gases and oxygen deficiency.

3.4 POST-OPERATION

3.4.1I Field

Befoire leaving thc site daily, the following procedures will be performed by on-site personnel:

* Decontaminate all equipment.

* Complete logbook, making notations as to site conditions, anomalouis I eadings, etc.
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* 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).

* 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.

* Inventory all equipment and supplies shipped back to the office.

* Make provisions for proper disposal of investigative derived waste.

4.0 REFERENCES

ASTM, 1986 Annual Book of ASTM Standards, American Society of Testing and Materials, 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 Materials, February,

1998.

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

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

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

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

USEPA, 200)1. 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" Method 5035, Test Methods for Evaluating Solid Wastes, EPA SW846, 3rd ed.,

Volume 11, Update 1II, December, 1996
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5.0 ATTACHMENTS

Attachment I11.1I - General Field Supply Checklist-Soil Sampling Activities
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ATTACHMENT 1 1.1

General Field Supply Checklist-Soil Sampling Activities

Steel Toe Workboots _____

Full Face Respirator (with appropriate cartridges)

Safety Glasses ______

Logbook

Pens

Data Collection Forms _____

OSHA Certification Card

Tape Measure

Hard Flat

Hammer

First Aid Kit and Emergency Eyewash Station _____

Overshoes

Sun Screen

Work Gloves

Disposable Gloves

Three-inch or five-inch diameter stainless steel bucket hand auger (with extendible 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

EnCorcTM 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-inch OD, 2-foot long carbon steel split-barrel sampler
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WORK AND TEST PROCEDURE 12
PERSONNEL PROTECTIVE EQUIPMENT DECONTAMINATION

IL) PURPOSE

The purpose of' this Work and Test Procedure (WTP) is to provide guidance for the decontamination of
personal protective equipment. P'roper decontamination or personal protective equipment minimlizes the
spread of contamination as well as minimizes the possibility of worker eXPOSUre to contamninants.

2.0 DISCUSSION

The project-specific Health and Safety Plan should be used to detennine the exact requierements of
personal protective equiiprnent for a specific project. The puipose of decontamination is to remove or
neutralize contamninains that have accumulated on personnel and equipment. Decontamnination protects
workers from hazardous substances that may contamininate and event uall y periinat e protective cl othi ng
and Other eqIlii p ient used Onl Site. It also minimizes the t ranls fr of' contamininants to ceIan areas and
protects the cornmu ni ty by preventing uncontrolled t ranlsportat ion of contamininants off-site. All personnel
will comnplIetc appropriate decontamination prior to ceayving the site in a insan cr that is responsive to actual
site conditions. A personnel decontamination area will be Set Up at an appropriate locattion speci fled by
the SI-I SO. The drecontamination process will consist of a series of' lroccdures perfonrmed in a speciflie
seqIuece1. Each pr(ced Liire is per formed at a separate stati on in order to prevent ci oss-contarnimat ion.

31) PROCEDURES

3.1 ASSOCIATEI) PROCED)URES

The foi lowing WTPs should be reviewed in conjunction with this field e ffort:

N UMIIBERI NAMEI
I ~~~~~~~General Instructions fbr Field Personnel
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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 I

as well as the following actions:

* Ensure that sufficient decontamination supplies (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:

* Verify that all required equipment and supplies for decontamination have arrived on

site.

* Identify the location of and set up the decontamination area.

3.3 FIELD OPERATIONS

3.3.1 Decontamination Facilities

A detergent solution will be adequate to remove thc chemnical constituents identified at DDMVT. Wash tubs

containing dilute detergent decontamination solution and soft-bristle brushes will be used to clean

reusable peisonal 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 polyethylene trash bags.

Personal hygiene primarily entails washing and is not strictly considered decontamination. Each

individual should conduct proper personal hygiene, 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 each 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 is performed on site.

3.3.2 IDecontamination Equipment and Supplies

Supplies that will be available for personnel decontamination procedures include:

* 'ILibs for washing and rinsing equipment
* D~etergent (i.e., Alconox)
* Scrub brushes (soft bristle)
* Potable water Source
* Drying rack for equipment drying
* Alluminum foil for wrapping clean equipment
* Respirator wipes and bags for clean respirator storage
* Paper towels
* Trash receptacles and polyethylene bags
* 1-I and soap
* Receptacle(s) for storage of decontamination liquid wastes pending disposal
a D~rop cloths (polyethylene sheeting)

3.3.3 D~econtamination Procedures

3.3.3.1 L evel 1) Protection

A miiii mnt i decontamnination for Level D site work consists of cleaning and remnoval of boots and gloves,
changing into street shoes before leaving the site, and washing hands andu face. Because there is limited
access to hand/face washing stations at DDMVT, antibacterial wipes should be available to all personnel
and all personn el ale required to wash hands and thee when a wash source becomes available.

3.3.3.2 Level C-Protection

The tlecoiila ininat ion layout depicted in Attachment 1 3.1I will be adjusted to accommodate actual site
conditions. D~econtaminination procedures for Level C i ncl tde thle following:

Firest D~rop Site

1.Field equipment is placed at the first drop site for later decontamination.

2. Boot covers and gloves are washed with detergent sol ut ion and rinsed in clean,
potable water.
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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.

Second Drop Site

I .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, is

performed following the cartridge canister change. Return to work site.

Third _DropSite

1. Respirators are removed, washed, swabbed down with respirator wipes and bagged

for storage. Used respirator cartridges are removed and disposed. Respirators are

left at the third drop site for cleaning. A disinfectant solution (i.e., CIDEX) will be

used on a regular basis to disinfect the respirators. (Note: Personnel with respiratory

tract infections, however minor they may seem, 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 accommodate actual site

conditions. Decontamination procedures for Level B include the following:

First Drop Site

1. Field equipment is placed 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 water.

.Second Drop Site

1. Boot covers and outer gloves are removed and disposed at second drop location.

Inner boots and/or safety suit (non-disposable) are washed.
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Third Drop Site

I . F'or site exit, clothing, boots, inner gloves and hard hats are removed and deposited at
a third drop site. SCBA equipment is removed and segregated for decontamination.
Street shoes can be put on. All personnel are to thoroughly wash face and hands
before exiting the site.

2. F~or SCBA tank change-out, SCBA tank can be replaced following decontamination
Of Outer garments and removal of contaminated boot covers and Ouiter 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 is required a fter such usc.

3.4 POST-OPERATION

3.4.1 Field

Before leaving the site daily, the following procedures should be per fornied by on-site personnel:

* Pi operly dispose of all soiled, disposable PPE.

* proper ly dispose Of any decontamination waler.

* Complete logbook entries relevant to decontamination.

* F nSU IC that all decontamination equipment and associated supplies are properly
stored

* Resotoe thie decontami nat ion area to its pre-arri valI state (i.e., any trash generated as a
result of decontamnination operations should be properly disposed of).

3.4.2 Office

Upon return to the office, field personnel should perform the fbIllowing:

* Submit logbook and any original forms to Task/Project Manager for review.

* Inventory all equipment and supplies shipped back to the office.
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4.0 REFERENCES
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5.0 ATTACHMENTS

Attachment 12.1 - Decontamination Layout
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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 monitoring is 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 (P1ID) or Flame Ionization Detector (FID).

2.0 DISCUSSION

Specific monitoring requirements wvill he provided in the work plan or HISP. Informnation gathered from

air monitoring will be used to determine appropriate protective measures to be taken and assess off-site

migration of contaminants released 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) wvill 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 sulfide) Simultaneously- Only one toxic gas can

be fitted to the EXOTOX and is chosen at the time of order. The monitor does 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 (UEL) 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 teriis

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 tinder the principle of
photoionization, i.e., the absorption of light by a gas molecule resulting in the molecule's ionization. The
sensor of the instrument consists of a sealed ultraviolet light source that emits photons at an energy level
high enough to ionize most organic compounds, but not high enough to ionize the major components of

air (i.e., 02, N1, CO, GO 2, or 1-l10).

Most PIDs are designed for use with interchangeable probes with lumps of different energies (9.5 eV,
10.2 eV, and 11.7 cV). Lamps are selected based on the ionization potential (II') of suspected
contaminants on-site; the lamnp energy nitst be equal to or greater than the IP of' a compound for the
compound to be detected. II~s for contaminants expected on-site can be found in the Health and Safety
Plan. Th'le PID is sensitive to many organic and inorganic vapors/gases and therefore, cannot be used as a
'I UaIitatiVye i nstrtrmerit in tinknown si tiations. It is strictly q tali tativye except when the nature of the
con tam inat ion is known, and the i ist rument has been calibrated to that specific contaminant. Hi gl
humidity decreases thle sensitivity of' the PID. Atmospheres with concentrations of' gases above the
detec lion Ii mi ts 01fthe inst runient will cause inconsistent behavior.

2.3 FLAME IONIZATION DETECTOR

Aniot her cornmon ly tised air monitoring instrument is the flu me ion izat ion detect or (F ID). Th'le instrument
operates by drawing in an alIiq uot of' the gas or vapor tndcer cons iderat ion into thle instrument ionization
chamber-. The extracted gas is t hen ionized in a flamne. A ctirrent is produced that is proportional to the
nutmber of' carbon atomns present and this in formation is relayed to a mneter or strip chart rccorder. In
mnany F ID monitoring instruments, thle instrument can be operatedl Under two modes: sitrvey mnode and
gais chromiatoigraphly (OC) mode. in the survey mode(I, all organic c011oLmpond are detected at the same
time; in the GC mode, volatile species are separated, thus enabling tentative identi lication and
measurement of various compounds.

A li mi tat ion to thie use of this instrument is that it does not detect any i norgan ic gases or vapors nor so me
synthetic gases. The instrument should not be used at temrperatutres less tha i 490 Fahirenhe it. H1igh
concentrations of' contamninants or oxygen-depleted environments will affect results and will require
system modi ficat ion. In the stirvey mode, readings repoited are relativye to the calibration standard used.
Specific arnilyre iden ificfati on reqti ires 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 sites. 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 in 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

3.1 ASSOCIATED PROCEDURES

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

NUMBER NAME
I ~~~~~General Instructions for Field Personnel

3.2 PREPARATION

3.2.1 Office

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

WIP 1, as well as the following actions:.

* Determine monitoring requirements by review of HSP

* Identify site contaminants to target or monitor

* Ship necessary equipment and calibration supplies
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3.2.2 Field

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

employed:

* Confinn all necessazy equipment has arrived at the site
* Calibrate equipment as specified by the manufacturer

3.3 FIELD) OPERATIONS

3.3.1 Field Operations

3.3.1.1 Combustible Cases

Combustible gas monitoring will be performed at selected locations during intrusive site activities where
vapor accumulation is considered likely, using a calibrated ExamO 40 portable mnulti-gas monitor.
Action levels based on Lower Explosive Limit (LEL) readings monitored at the source arc ais follows:

LIET Level Action

<I 1X% LIL None; proceed with work and continue monitoring

10 - 25%, LIBL Potential explosion hazard; proceed with caution and monitor
LEL levels closely, notify 550

>25%A LIZL [Explosion hazard exists; stop work; evacuate site and ventilate
area until levels of conmbustible gases ftill below 25% LIBL

3.3.1.2 UII)/PII)

Monitoring lot organic vapors will be performed in the breathing zone and/or at thle Source (as

appropriate) to determine appropriate levels of PPE to be used (luring work. A PID or FlID will be used in
Co1J unction With ChemicalC1SpeC~ific detectors tithes to detect and quantify organic vapor levels.

Ambient air in the breathing zone will be monitored for organic vapois at least once every 15 minutes
duiring site operations and with eveiy change in task or work location. Continuous monitoring will be
Condulcted at locations where vapor buildup is a potential hazard. Since the P1ID/FID only provides
non-speciflc quantitative readings, chemical-specific detector tubes (Draeger tubes) will also be used, as
dictated by action levels, (luring field investigations to monitor for the presence of speciflie organic

050006.01 \VTP- 1 3-4
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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

HeIalth 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 instruqtion manuals. An

example of the calibration record form that will be used to record daily calibration is shown in

Attachment 13.1I.

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 in the calibration procedure.

The PID is factoiy-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 is used as a

check gas for the on-site instrument calibration.

The FID is factory-calibrated to a Methane gas standard. Calibration will be checked prior to and after

each usage following procedures described in manufacturer's instruction manual. Methane is used as a

check gas for the on-site instrument calibration.

3.4 POST-OPERATION

3.4.1 Field

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

Decontaminate any contaminated monitoring equipment.

050006 01 WTI-- 13-5
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* Complete logbook and required monitoring forms, making notations as to site
conditions, anomalous readings, etc.

* Ensure that the site is cleaned to the condition that it was in prior to monitoring
operations (i.e., all trash related to monitoring operations must be disposed of prior to
departure firom the site).

3.4.2 Office

Upon return to the office, field personnel should perfoirm the following:

* Submit logbook and any original formns to Task/Project Manager for review.
* Inventory all equipment and supplies shipped back to the office.

4.0 REFERENCES

N lOS il/OS H A/USCG,/EPA, 1985. Occupational Safety and Health Guidance Manual for- Hazardous

Waste Site Activities. USDI1-IHS.

5.0 ATT'IACHMENTS

Attachment 13.1 - Daily Instrument Calibration Formn
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ATTACHMENT 13.1

DAILY INSTRUMENT CALIBRATION FORM

SITE LOCATION: ______________DATE:

CALIBRATION PERFORMED BY: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALIBRATION STANDARD: __________CONCENTRATION:

INSTRUMENT CALIBRAED A-TE! _INSTRUMIEN-T

.(s eciy rnodel)!serial no. TIME READING INITIALS COMMENTS

050006.0 WTP-13-7
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APPENDIX C

FERROUS IRON AND CARBON DIOXII)E
FIEU)D'I'ES'I' KIT INSTIRUCTIIONS
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APPENDIX D

GROUNDWATrER SAMPLING REFERENCES

USEPA, 1996. Low -flow (MinimialDi-awdown) Gr-ounid-w~ater-Samipling Proceduries~,

E7PAI54O/S-95/504, USEPA Office of Solid Waste and Emergency Response, April 1996.

USGS, 2001. User's Gmudejbr-Poly~ethylenie-basyedDfLi~ BagSmlr to Obai Vltle

Organic Compound Concentrations in Wells, Part 1, Deployment, Recovery, Data Inteipretation,

and Quality Control and Assur-ance, USGS, Columbia, SC, 2001.



8 76 19 7

Untied States Office of office of Solid Waste tEHIA54O,5/95504

Environmental Protection Research and and Emergency April 1996

Agency Development Response

&EPA Ground Water Issue

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

by Robert W. Puls' and Michael J. Barcelona'

Background 
units were identified and sampled in keeping wvith that
objective. These were highly productive aquifers that

The Regional SuPerfunid Ground Water Forum is a supplied drinking water via private wells or through public

group of ground-Water scientists, representing EPA's water supply systems. Gradually. with the Increasing aware-

Regionat Superfund Offices, organized to exdhange ness of subsurface pollution of these waler resources, the

;nfnrnaiticn related to ground-water remedishior at Superfurid understanding of complex hydrogeocherilcal processes

site,, One of the majorwcncernsof tiseFuium istho wtiinh govern~ the fate and transport of conirtaminants in the

sampling of ground water to support vte assessment and subsurface increased. This increase in understanding ~

reeilpromifo" . monitoring objectives This paper is also due to advances in a number of scientific disciplines and

intended to provlde background Information oni the improvements in tools used for site characterlzatlf n

development of low-filow sampling procedures and its ground-water sampling Ground-water quality investigations

application under a variety of hydrogedtogic settings. It is where pollution was detected initially borrowed ideas.

hope tha thepapr w-ll support the production of standard methods, and materials for site chairacterization from the

h opoedthat trhedro tPaspbeP Rgoalpronen water supply field and water analysis from public health

other onvironmental professiOnals engaged in ground-Water Pracieodo.Ti ouo ~ aeil n oirI hc

sampling. 
monitoring wells were installed and the way in wthic water
was brought to the srface, traated, preserved and analyzed.

For further information contact: Robert Puls, 405-43648543, The prevailing conceptual ideas included convenient genearati-

Subsurface Remediation end Protection Division, NRMRL, zations of ground-water resources in terms of large and

Ada. Oklahoma. 
relatively homogeneous hydrologic units. With time it became
apparent that conventional wfalr supply generalizations of

homocgeneity did not adequately represent field data regard-

1. Introduction 
ing pollution of these subsurface relsources. T1e hii.portant

role of heteomgenteity became increasingly clear not only In

The methods and objectives of ground-water ge~ologic terms, but also in terms of complex physical,

sampling to assess water quality have evolved over tmime

Initially the emphasis wais on the assessment of water quality 'National Risk Managerrent Research Laboratory, U.S. EPA

of aquifers as sources of drinking water. Large waler-bearing 'University of Michigan

S ~~~~Superfund lechnology Support Center for

el Ground Water Aroo~lnvfe.ti

National 1(1ak Managcmei.... t ...... ro L.6bortary 'epneU. ail~ :I ~ ~~~~~~Subsurface Protection and Remediation Division
Robert S. Kerr Environmental Research Center .-

Ada, OklahomaOidr
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objecives thenappE~fl~8 locllon scren legth.weltHigh 
quality data colectiOn implies data of sufficient

I diaetver, slthsien etc.p~ foratenoilon cen9 wellneth.wor an be ccuracy, precision, and completeness (i.e.. raitio of valid

deidmede. Thslos espetCil ctcl for tem newring wll newremedal be analytical results to the minimum salmple number called for by

appoahes or naturall attnutican assessment at hazardous thnrga design) to meet the program obtjoolivoS. Accu-

wasesite 
ses, 

racy depends on the prrrect choice amof noitoring tools and

I 
proceureS tominimiersampatandnubtionrll 

distrbance

*in general, the overall goal of any ground-waler frmcletoIOtayJS 
rcso eed f the b

samping rogrm ,sto collect waler saimples with no alter- reetbltyo apig n nltia rtcls Scnb

samlloing wrgate hmisf anlt~ ldaa thus obtained may be asuesripovdbtelctino 
apea alyses s

I usd li a arity of spflcltCc monitoring programs depending inldgbaks edabtnarsndefenetnad.

cr ted regul atory requirements The sampling methodOloQY

desenibed in this paper asue rhite m onitoringoalnis tod

*sample monitorinlg wells for the Preseneownmiaftad 
,S plRprs ttvbS

3 itis ppliabl whehermobile dolloldS are a concern or not A motn olo n oioigpormi

t and licwh ete t htheanl~t~o ocr r metals (and metal-Anipratglofny 
ortoigrgam s

fdsor org anic ~ fcocr 
collection of data that is truly repreSentative of conditions at

and whmpunsthestehTe 

e m reprostffvfWfssS applies to chemical and

laids) or organic m mpound8- 
the site.oTeloi dtarm collected via wells, boringsi. piez onneters.

It Monitoring and Design ~~~~geophysical and soill gas hilisremefila Ys lrt n

it.MontorngObjectfiv
6 $ n esg - temporary sampling points. it involves a recognition of the

considerations ~~~~~~~~statistical 
variabilitY of indivdual subsurface Physical proper-

The following9 issues are important to u~,aidtl prior ies,, and contaminant or major ion concentration levels, whilde

to he esin ad implementation of any ground-water explaining extreme -values Prubsunace teporalJ sends stio

monitoreigng prgam. I ndntos'hi&, anticipate using variability are facts, Goodvproessbusional prvnaccuraseek tod

monitringProgrm , ncluing tose uresreproduibl 
tehesniqlues to define limits on the distribution of

tow-fiow purging and 5amplin'g prom durps.dma 
imize reprehntic Hsby uingproenaccuraesand

Data Quality 
~~~~~~~~~~measurements collece atast.Hwvr eso ure s of

C~aiyObjectives (boOCs) 
representativeness are dynamicOandl ore conotrled bys A

A. uilo Data 
V~inldefu mi tpsevolving 

site characterizatiofl and m~onitorinogob tie A

detection, assessment. corrective-ectio evauaioan 
eVrltOnar ai' chteaao ftion mppodel, as shwni Fg

resource evaluation, along with hybfld variations such as site- ulen dta provides ytemtcaprahootenolof.n

asesmnts for propedly transfers and water availability

3 nvestigatlOns m0 nitoring Obe'tives ma hag as,,Mnar.l

3 nation or water quality problems are disoverec.Hwvr

there are a number of common componentis of monitoring

p ogams hid"should be recognized as important regard-

less of initial cbjectiveS Trisse QJynn'icue:r 
. *

5 N

1) 1Deve lopment of a conceptual model that incorporates

eleiments of the regional geology to the local geologic

J fr~jiamewoek. The conceptual model development also

inclues intial ite c aranzarlion efforts to identify 5,C.fln--~ K ,l-M ioo

hydrostratiflraphic units and liel 
lowpth 

uin

minimum niumber of borings and well completions:

2) Cost-StlOictVG and welt documented colecion rrofdih 
_- as sme

quality data tUtilizing sim"PlS.aocuralte andrpolc

3) Refinement of the conceptual model based oniue1 vltiTOYi ~aatei~~ oe

supplementarY data collection and analysis.

These fundamental components serve many types of monitor- Imhszsrontlateu 
sfh

in argrams enid provide a basis for future efforts that evolve The mode emhsieso napreogniatioo teheog causes of then

ing nnpreiyadlvlofsaildti 
a upssadvariability 

(e.g., us ofiaprpitetcnlogy suchasusin

* objectPivsexptyand Highl qusptaly detrai~l datupoesan uvIbon boilers to piurge wells: imorecise or opeatrepfdn

sbaecommon gopald regarduless, ofproguram l dbat~e. methods) and the need to control avoidable errors.

aIomnga eadeso rga betvs

I~~~~~~~~~~~~~~~~~~~~
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nlow purging has the advantage of minimizing mixing betweean tion-redluctin potential. tempereatr and turbidity should be

the veryingstanan casng alerandwalr wihintheused to determine when formation water is accessed duning

th screened sinterval csnwaradwte thnhepurging. in general, the order of stabilization is pH, tempera-

screened interval. t~~~~~~~ure, and specific conductance, followed by Oxidotion-

LowFlow Purging and Sampling reduction potential, dissolved oxygen arid turbidity. Tempera-

3 , ture and pH, while commonly used as purging indicators, are

Low-flow refers to the velod~ty with which water actually quite Insensitive in distinguishing between formation

enters the pump intake and that is imparted to the formation water and stagnant casing water, nevertheless, these are

*pore waler in the immediwte vicinity of the well screen. It important parameters for data interpretation purposes anid

does not miiUCSrily rotor to the flow rate of water discharged should also be measurd. Perlorrnafe criteria tot determi-

at he urfce tid~ an e afecedby flow regulators or nation ot slubiilabon ohould be lbased -n waler-level draw-

retoctions.rWalerwih leve rawdected povides the best indica- down, pumping rate end equipment spedificatnIts for measur-

*lion ot the stress imparted bye6 given flow-raeo for a given is niao aaees nlielty masreailbe wh ichov

5hydrological situation. The Objective is to pump in a manner utilze in-line flow cells to continuousl esr h bv

that minimizes stress (driawdOw'd) to the system to the extent parameters.

practical taking into account established site sampling I sipratt sals pcfcwl tblzto

* ojectives. Typically, flow rates on the order of 0.1 - 0.5 timinItsipratoetblhsecfcetsaiizin

are used, however this is dependent on site-sp~cific criteria and then consistently ololow the same methods

hydrogel~gy. ome ~j ~i7~ih~textred fdrnniatiotiV thereafher. particularly with respect to dir~wdownl nlu. rate

have been successfully samPled In this manner at flow raes n apigd~ Geneabllytheti meorin purenn volumel

* to iUmnin Th. effetiveness of using low-flow purging is required for parameter sbizlinsindependent ofials r well dan

5 Intimately linked with proper screen location, screen leng-th, depth or welt vduo Dpnen aialsar el im

end well constnjctionl and development techniques. The et wer thsamplin device. ayroeouhedmin tta pumpbl fow reiated

reestablishment of natural flow paths in both the vertical end andhte h eies are usedi alrayi porable ordeicated

* horizontat directions is important for correct interpretation of manner, lIfthe samplingdeiesalayinpce(e.

3 thedata.For high resolutiOn sampling needs, screens less dedicated sampling systems), then the time and purge

than 1 rn should be used. Most of the need for purging has volume needed for stabilizaltion i uisotr te

been found to be due to Passing the sampling device through advantages of dedicated equipment include less purge water

theovelyig asiy ~ato wichcaiesmixingt of these for waste disposal, much less decontamrination of equipment,

3 stagnant waters and the dynamic Waiters within the screened less time spent in preparuibuin Of sampling a-ci s iei

interval. Additionally, tere is disturbance to suspended the field. and mor consistency in the sampling approac~h

sediment collected in the bottom Of the casing and the which probably will translate into tess variability in sampling

3 displacement of water out into the formation immediately results. The use of dedicated equipment is srorigly recoin-

adjacent to the well sremen These dislurbanceis and impacts mended at wells which will undergo routine sampling over

can be avoided using dedicated sampling equipmen~tt, which time,

precludes the need to insert the sampling device prior toifprmtrsaliaon ttdamo tige.

pI gngad ,p n.then 
minor osdillations in indicatlor parameters may cUu-

Isoltabon of the screened interval waler from the purging operationts to become unnecessanily protracted. It

* overlying stagnant casing water may be accomplished using should also be noted that turbidity is a very conservative

low-flow minimal drawdownl techniques. If the pump Intake is parameter rin termscofstabIlizatIOn. Turbildity istalways the

loctedwitinthe screeed Interval, most ofthe water last parameter to stabilize. EXCEsIveO purge times are

pumped will be drawn in directly from the formation with Illk invariably related to the establishment of too stringent turbidity

b rnl~iiu Af caing woter or disturtance to the sampling Zone, stabilization criteria. It should be noted tMat natural turbidity

However, If the wells are not construtcted and developed levels in ground w-al i.ay excood 10 nepheltriietric turbidity

property, zones other than those intended may be sampled, units (NTU).

At sme steswhergeoogichotrogenelOites are sufficiently

At odiffret withi nth ge logsie hnorot D, higher nrondluctivitY C. Advantages and Disadvantages of Low-Filow

zones may be preferentially sampled. This is another reason (rMinimUM DrawO f)Prin

to use shorter screened intervals, especially where high I eeateavnae flwfo ugn

spatial resolution is a sampling objective. In eeateadatgso owfo ugn

B. Water Quality indicator ParameterS samples whicdh are representative of the mobile load of

contaminants present (dissolved and colloid-essoci-

It is rer,nmneided that water quality indicator ated):

3 parameters be used to determine purging needs pnior to -rminimal dmstutsnnrA. of the sampling point thereby

sample collection in echd wall Stabilization of parometers minimizing sampling artifacts;

suh as pH. specific wonduclancil, dissolved oxygen, oxide- *less operator variability, greater operator control:

5
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I General Considerat ions 
o,,i Filtrationicaie 

b

There are no unusual requirements fot grouii&mpltnr 
Dbecuiavof rto e fithao sari orP sampleSsoudb dcatdb

aplgdeices whien usirn9 IO-flow, minimal drawdow sramplicsang objet-ivelrtherithng as cta ix forpoornt sampl ng t

*ecmplingie5. The major concomT 5s that the device give prcieadfedwlefl fcrancnttet houl nth

result an iiaiturbance of the sample be the default. Consideration should be given as to wa h

acos a rang ofd mowlow als (ie. < .
-nf) lal, plcto ffedfiltratiOnl is trying to accomptish. For

pumpinga ratges that cause miimle to no drawdown in one well assessment Of truly dissolved (as, opposed to operationally

asthy ause , minni ma~lt drwdw inaote0wl dissoived [i.e.. samples filtered with 0.45 IJM filters]) concen-

in a lesstran~rflS~iV~ ~ n this snse. the trations of majopr ions and tirace metfalS. 0.1 1fitrae

houl notcaus unde prssur or emprature recommended although 0 45 im tilters are nomnAtlY u~ed for

s orphyica diturbnceon he ate samle vera mst rgult~i prgras. Alkalinity samples must also be

able amplng rage. on~il~ncYin oeraton Is filtered if significant particulate calc iumpc larbonate tisrsue-

ca to meet ccuracy an precision oals pecte, sno, this material is likely to mefaktnt irto

resuts although filtration itself may alter the cc), composition

vatges and Disadvantages of SamplIng Devices ot the sample and, therefore, affect the results).

2) A varity osapling de,,,es are available for low- Although filtration may be appropriate. filtration of a

minial rawdwrt puringand amping nd nclue smple may cauise a number of unintended changes to occur

tiw(ic pmpSl blawdder pumpsgn alendeamli sumribclue (eg ~dationl, aeration) possibly leading to laII nfde

3 pump. ariage-drven pups. Deice wic len thbem- ariacsiunbsape analysis arid uncerlairtY in the results.

* eves to both dedfication and consistent Operation at defin- tome Wthtrslad uingtono ch angeust may re unavoidabDletebut

abe lw-flw rats ar prefrred It' desirable that the Pump thfaorledntohmmutb 
rcgiz.Dltros

* ble eas-iy adjustable andeoeraerelibyadhselwrfo 
effects can be minimized by consistent applicaition of certafin

raes Teasl aerustabticn opum eirlmtedrlal ato shalloweapplctons 
filtration guidelines. Guidelines should address selection of

rands Th cue derisassOrslti ngu i limie toalteration of tipns filter type, eda pore Size, etc. in order to identify and

a ka rtfyand omevoltile los. astdraiven ofpupsHoud mnmz oeta sorce off uncertainty when filtering

aek ofiaity pe that does not allow tne gas to be in direct contact 
itpls

he of a type ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~nliane filtratiorn isreiiieno bcuCitpoie

Cihtesmleady bauiler adohrgbtyesmlsae 
l belier consistenCy through less sample handling,. and

C-Ihybaiersandothr grb tpe amperare minimizes sample expOSure to the atmosph&S. In-line filters

* utied f or low-flow sampling since they will cause repeated are available in both disposable (barrel filters) and non-

3 d sutene an mixig ofstagant wter n th casing and disposable (in-tine fitter holder, flat mnem~branle fillers) formats

thie dYnamic Water in the screened interval Similarly, the use ad", itrPr 
ethnln

of mnerial lift foot-valve type samplers may cause too much andvaios havlther por ntgesie of1-. pm).e DSWoal fle

- utofloC ci, roint of sampling. Use of these devices p~lywhen cmrpared to traditional membraehi filter's.

opera tor variability. 
u ac ept bl Filters m ust be pre-rinsed follow ing m anutlam fer S re w n-

,too Jam:15 to introduce 
medatins.If there are no recommendiation. for rinsing.

Spuatr arabileot dvnaesaddiavntgso 
PasS through a minimum of 1 L of ground water following

Summaies o advntage and isadantags Of purging and prior to sampling. COnc filtration has begun,

venious sampling policisS are listed in HerZOQ at at. (91), filter cake may develop as Particles larger than the pore size

(I. P (992). Parker (1 994) and Thurnbtad (1 994). aoumulate on the filter membrane. The result is that the

u. S. EPA 

o~~~~~~flciv pr damtr of the membrane is reduced and

pfeitice mllrta tesae pore sdzemar excfuded from

E. Pump Installat Ion~dfiir 
aolc tante isedpreGIO n

E. p~~~mp Installation ~~~~the filtrate. Possible coretive measures 'include prelilteering

Dediatedsamping evics (left in the well) captabe (with larger pore size fitters), miflim riflg particle loads to

of pumping and sampling are pr~eferred over fLny other typeof bgnwtadeungsmlvlm.

device. Any portable samplinlg devioS should be slowly andteQuly

carefully lowered to the middle of the screened intervial or G. Monitoring of Water LeGvel and Wate ult

slighfly above the middle (e.g., 1'-15 m below the top of a 3 mn Indicator ParameterS

soon.This is to minimize 0)Cs~siVe mixling of Lbs stagnant

waler in the casing above the screen with the screenehdkWtrlee 
o~dial t oiordad

interval zone water, and to minimnize resuspension of solids Cnhhe edla wate luevlproilY to fwrae djsmonito drea9081 n

whic wil hav colectd atthe ottm of the well. These two inte el sa ud to flow rate pdurg~int. Thes goal is b

wh~ubaich il hvflechovle been a hwlt irt tet the bl 
rminimal drawdovwfl (<0. m)drngprin.T e goa may be1

lie equiedforG puring There ash o appearstolb a diectth difficult lu achieve under omore cirr mstrlceisdutogogi

orslrelatobewesief 
prable sampliasg devie reative heterogeneities within the screened interval, and may require,

tothe well borweand riesufpolt~ aping pugdou esvn imes. elthe adjustment based on site-sPecific conditions an terssonald

keoi toe minimize ditran ceifn ofr water and solids in the well experience. fIn-lin gn.Te water qualityincaoprmershul

casing. e isubaceo 
be continuously monitored during purgn.Tewae ult

casing.~~~~~~~~~~~~~~~~~
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*Ihe well screen. This may require repeated recovery of the B. Fractured Rock

water during piuroino while teavinig the pump in place within 1 rcue akfrain.alwfo ozr

the well screen. ~~~~~~~purging approach using pumps in conjunction with packers to

* Use o low-flw technques my be impractical in isolate the sampling zone ini the borehole is suggested.

5 Uhee settns ofpndflw uponnithes waer rcagrte. passive multi-layer sampling devices may also provide the

thes sapertns ad tependingusoter ofwatar colechared fromesuc most r~epresentatrve' samples. It is imperative in these

whellsnedtouner stand the limittion of th da ta collected;fo sc settings to identify flow paths or water-producing fractures

Iwell. aee stronpoetafr undersadtetirmitatOn, of thactual conleted prior to sampling using tools such as borehole flowmeters

n~en a t rconen otra tin l for voltieorestima. otionofatual l onarin and/or other geophysical tools.

negativenrios for votee ireatsii u~and pote ntialles postiesfo

unegtsfrfiltered meal, tais aggstd poethat fmariseonsbes made After identification of water-bearing fractures, install

beitweren seamle.i s recoverted using lom-lwpurgisng tech Mae packer(s) and pump assembly for sample collection using

*biqeteand samples recovered using passivew sampling tchlow-flow sampling in 'dedicated mode' or use a passive

tcniques a ie.n wostso samples ).cvre sn Passive sample aping device which can tsolate the identified water-beanng

- colecton wuld essentially entail acquisition of the Sampte fatrs

v.4th riu ul very litt le ugn using a dedicated sampling

system installed within th~ ~ -neaorBPs!j-- .. tion

sample collection device.VI. D-ocumentatio

sApe owPrllOcbodeicYFrmtoet(01 h. Trhe usual practices for documenting the sampling

A. LwPrebit rmtm ' Lmnevent should be used for lofjw-ov purg.ing and sampling

recharge) 
techn~iques. This should include, at a minimum informnation

on the conduct of purging operations (flow-fate. drawdowri,

3 1 -Low-Flow Purging and sampling with Pumps water-quality parameter values, volumes extracted and times

for measurements), field instrument calibration data, water

a. 'portaible or non-dedicated mode& - Lower the Pump sampling forms and chain of cus tody forms See Figures 2

(on, capaole of pumppng at <0.1 L/min) to mid-screen and 3 and 'Ground Water Sampling Workshp - A Workshop

vI sightly above and set in place for minimum of 48 Summary' (U. S. EPA, 1995) for example forms and other

hours (to lessen purge volume requirements). Anaer 4b dcurmentabion suggestions and intormutiuu. Tiiio information

hours, use procedures listed in Part IV above regard- coupled with laboratory analytical data and validation data are

ing mnonitoring water quality parameters for stabiliza- needed to judge the 'useability' Of the sampbing data.-

tio,, ate., but do not dewatef the iscreen. If excessive

dr-awdowni and slow recovery is a problem, then

alternate approaches such as those listed below may VII. Notice

be better. ~~~~~~~~The U.S. EvrnetlProtection Agency tirrough its Office

b. 'dedicatedl mode' - Set the Pumpl as above at least a of Research and Development funded and managed the

week pnior to sampling; that i6. operate in a dedicated research described herein as part Of its in-house research

,pump d WnISaprahsgiian utos program and under Contract No. 68-C4-0031 to Dynamac

IIn purge volume should be realized. Water quality Corporation. It has been subjected to the Agency's peer and

parameters should stabilize quite rapidly due to less administrative review and has been approved for publitcation

disturbance of the sampling zone, as an EPA document. Mention of trade names or commercial

Collection ~~~~~products does not constitute endorsement or recoommendsa-

2. Passive SaMP1C-le 
ljn ion for use.

passive sampling Dellection requires insertion of the

caevlcia Iinu the sornocnl interval for a sufficient time peniod to Vill. References

allow flow, end sample equilibration before extraction for GoeJKM~ ree n

onalysis. Conceptually, the extraction of water from low Backinius, IDA, J.N. Ryan, D.M. Grhe. l MCoalloled an

yielding ormlations seems more akin to the collection Of Watler P.M. Gschwend. 1993. Sampling ColloidsardClo-

from the unsaturated zone enid passive campling 1lnrhniques Associated Contaminants in Ground Water. Ground Water,

may be more appropriate In terms of obtaining 'represental- 31(3):466-479.

live' samples. Satisfying usual sample voiume requirementsandJPGlb

is typirslly a problem with this approach and some latitude will Barcelona. M.J., J.A. Heltrich, E.E. GarekendJPGib

be needed on the part of regulatory entities 10 ad~il- 1984. A 12aborainry evaluation of groundwater sampling

sampling objectives, 
mechanisms. Ground Wafer Monit oring Review, ()i'-1
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IQuestions about the MicroPurge

Iconcept
LIs Mico1 u eunique to QED?

2. Vwhf -shoui ILg AP MicrooPU rgeff~qnfP_1ing? Wbaht_-are the -advantages?

3. Is the screven zone of a wyell realty "flushed' by the aquifer?

4 r. thr c -'rO LlŽ or s LteLh~t ~r not ca~nd dates for low-flowSqqmPlin0'

Wh~at about low yild wells that draw down even at very lowpum~pinpgrates?

6.Does a Micouresm ple.ereetth ntr creen onpjtteara near

6- ~hi~rfrae? hoelr �resenlwlthe entdisrhin thwhralu inathewel

the __ ___ ____ ____

7. ~Whatflow rate shouldbeuefoiw-oWrgfl
8. M~y~Do I-e-dt moniogr the-water IeVel whenM~=ua apia

10. Wha isa sufficient purge volume whnMcouV samphino is used 9?

11. Whnat are ndicator.pafaml ter ne w aare thy _mea urM•i ZpC urc-IP&

1.WhatS~xattoyns ____w____ whprl__~M___ read~gm$&_aLPe bleQ

1 3. lsn't turbidity an indicator Parameter What ole does it P!ay in MicroPur e

sampling?
14. %hlfLaIfICL drstsbiljg&'

Questions about regulatory acceptance of MicroPurge sampling

IHas l M;rqPurce beer spp-ov&0 by rny sitae/EPA re jonttAHedcu'trS

Who is using M,,icroPUFOC sampling in mny state or EPA Regior 9

,'-How do I propose MyicroPrurge sampting to .TttfreulatOrs- Do I navie to chance mv

sampling anc analysis p~an,_(AP)? -- tl

4. Is QED wiorking vth the regulators to ga~ wdcf acreotacfl 'A ,Pujrge?

Questions about sampling equipment and MicroPurge sampling

1. Wbrt}Np of sampling devices are acceptable forjMicjro1Purge sampling?
___ _s _ . I-liftpurn 

__ ___

2. VDh cat balr n nrtilif _purPijued for MAIcro~urge sampirg

3.Can I use a portable pump for MicroPure am nypfg, r is dedicated equipment

required 
se itrmnsbued

4. Is a flow cell required for MicroPurge, or can½ _ara~te instumpsbued

5. How often do you calibrate the Flow Cell?

6. Is there a crance or cross-contIldImiatIon when using the Flow Ceiil?

FREQUENTLY ASKED QUESTIONS ABOUT MICROPURGE SAMPLING
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IQuestions about the MicroPurge concept

1. Is Microlaurge unique to QED?

I The term "MicroPurge" refers to the process of purging and sampling wells at low flow
rates from within the well screen zone to minimize purging and improve sample quality.
QED coined the term as a means of promoting the practice of low-impact sampling WhileI OFfl did not invent the process, we have been instrumental in bringing information on the
MicroPurge concept to the marketplace and providing Well Wizard Samrplinig equipment

designed specifically for MicroPurge applications.

I2. Why should I go to MicroPurge sampling? What are the advantages?

IThere are several advantages to the MicroPurge process, the most obvious being theI reduction in purge volume (typically 90-95%) and the potential for time savings, especially
in higher-yield wells There are also additionai cost coving and method contrni
advantages to MicroPurge sampling. Sample quality and accuracy are improved through
reduced turbidity in samples and minimized degassing and volatilization. In most cases,Ifiltration 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 less expensive, as the need for high-flow purgingD PUMPS is etirrlirraited MicroPurge sampiing can extend the useful life of a monitorinq 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 includeIreduced exposure of field personnel to potenuially-contarninated purge water, and
reduced liability from the off-site disposal of this water.

O3. Is the screen zone of a well really 'flushed' by the aquifer?

IIf there is any ground water movement in the well screen zone, and the well is 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
conductivity thian mne surrouridirry yaciogic material, and the screen is more condiir'.tive
than the filter pack). In most cases, even minimal ground water flow is sufficient to
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.

I 4. Are there wells or sites that are not candidates for low-flow sampling?

IMicroPurge 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 water handling/disposal requirements. sample quality andI precision concerns (especially turbidity control), monitoning program duration, and time
and labor costs. While MicroPurge sampling could be applied almost anywhere, an
analysis of the cost and quality benefits will typically be the basis for converting to

I ,1,, /fuavv.1 nPripnx' rrrrnrerdit;miaefan html 7/1/2003
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I microPurge sampling.

U . What about low yield wells that draw down even at very low pumping rates'?

3If the yield of a well is too low to maintain minimal drawdown in the well at a very low

Spumping rate (1 00 ml/'minute or 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 of

.'"evacuating" the well and samipling upon recovery, and would be considerably better than

bailing a well that contains very little water This concept'is supported in the published

literature, and supported by QED with specific system configurations for passiveI sampling

I 6. Does a Microlburge sample represent the entire screen zone, or just the area

near the pump intake?

I Since low-flow pumping does not induce sufficient flow to mix the water column,

MicroPurge samples typically represent only the area of the well and surrounding

* ormation immediately adjacent to the intake of the pump Though this doesn't provide a

U fully mixed "composite' sample of the entire screen. zone, as would a bailed sample, it will

tend to be more accurate than a bailed sample and may allow identification of specific

water-quality zonies within a well screen Pump placement becomes an issue for some

* users and is dictated by factors such as knowledge of the geology in the screen zone of

the borehole (from drilling logs, soil sampling logs or geophysical logs) and troe type of

contaminants anticipated (lighter than water, dissolved, or heavier than water). It is

important to remember that well design and other hydrogeologic factors such. as vertical

Igradients can play a role in the composition of the water in the screen zone, therefore,

Ihomogenelty of the water Within the screen may occur regardless of purging or sampling

methods used

7,l What flow rate should be used for low-flow sampling?

The flow rate used is 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 sampling in any given well should be based on the ability to establishn

a low flow rate at an acceptable level of drawdown (0.2 -0.3 feet), and with minimal

fluctuation of that dynamic water level during pumping. I suggest that a user start out at

the minimum flow capability of the pump, then gradually increase the fiow rate Lintil some

initial drawdown is observed The flow rate can then be reduced slightly to achieve a

stabilized pumping water level, and this rate should 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.

B. Why do I 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

~~~ fhn html ~~~~~~~~~~~~~7/11/2003
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Iwater from above the sampling point 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 inI relation to the screen, and whether the top of the screen extends above the water table or
is submerged.

S. How do I get a water level reading without disturbing the water column in theI well?

Inserting a water level probe into the well shouldn't significantly disturb the water column
If this is a major concern, a dedicated water level measurement system could be aIsolution. 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 isI also a consideration if the user must sound the well bottom. QED's dedicated bottomn
sounders thiat are used arler sampling can solve this problem.

I10. What is a sufficient purge volume when MicroPurge sampling is used?

IThis will depend on the choice of low-flow sampling methods, low-rate pumping or
passive sampling For low-rate pumping, the purge volume is dependent on the pumpino
rate used, the lower the rate, the smaller the volume required to achieve stabilization of
i ndicator parameters Typiru~l voluimes are as little as 2 liters or as much as 10 liters, with
4-8 liters being the average reported in published studies If the passive sampling
approach is used, the purge volume is dictated by the volume of the sampling device andItubing and is usually some multiple of this volume. For example, if the pump and tubing
volume is 300 milliliters 450-600 milliliters may be the volume discarded prior to
sampling

11. What are indicator parameters, and why are they measured during purging?

IIndicator parameters are water quality measurements, such as pH, conductivity,
dissolved oxygen, and oxidation-reduction potential (ORP, or "redox") that can be used to
Idlentify relative changes in water chcmidtry. Measuring these parameters continuously
during purging can identify when purging is 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 indicateI that the water is coming from a steady-state source, the tormation immediately
surrounding the well screen near the pump intake.

12. What exactly is stabilization? How do I know when my readings are stable?

IStabilization can be defined as a designated range of measurement values determined
over a period of time, a selected number of readings, or a selected volume of water.
Stabilization criteria are tylpically user-defined or determined by regulatory guida nce. MostIusers will define stabilization as three consecutive readings that are within a defined
range, such as +/- 5% or 10% Others may define stabilization in units of measurement,

i--r, ......un .. aA,-xr rr,,r~nnircmn fin hnl 7un,0'
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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 MficroPurge

Turbidity is not an indicator of water chemistry, and therefore is not an indicator of a

change in ground water chemistry, such as might occur when purging a monitoring well

prior to sampling. Turbidity is a general indicator of water quality (suspendod solids), and

* the level of turbidity in a ground water sample could affect the ability to determine

* accurately the dissolved concentration of organic or inorganic analytes in a sample The

actual turbidity value that might affect analyte concentration can vary based on the nature

of the solids present and the characteristics of the analytes of interest Many regulatory

3guidelines recommend 5 NTU or less, which is a secondary drinking water standard for

* water supply wells- Natural turbidity in ground water can exceed 5 NTU. and may be

considerably higher The only way to scientifically determine tie level of turbidity that w'ill

* artfactually affect sample analysis is to compare a true "dissolved" sample (filtered at 0.1I

Micron) with a "total metals" sample to identify any significant differeflce in an~alyt~e

concentrations. In summary, turbidity values don't directly indicate when purging is

completed. but turbidity measurements are valuable in interpreting analytical data from

unfiltered samples for dissolved metals.

14. What if my parameters dnn't stabilize?

It stabilization does not occur, it may be tie result of excessive pumping rates that

caused drawdoV/n and mixing within the water column Researcfl has shown that

dependable parameters such as DO and conductivity will stabilize readily at low pumping

rates within a very small purge volume, usually less than 1 0 liters If a MicroPurge user

can't achieve stabilization, it may be due to problems with flow rate control or tne

precision of mne ii trumnifts used for measurement

Questions about regulatory acceptance of MiuioPurge sampling

1. Has MicroPurge been approved by my state/EPA region/EPA Headquarters?

This is the most frequently asked MicroPurge question! The aiiswer is three-part:

1. Many regulatory agencies accept the MicroPurge concept, with some having specific

guidance or SOPs for its use Approval ib typically givon on a sit-by-site basis

2 MicroPurge sampling has been accepted by a majority of states and EPA regions.

contact QED if you aren't certain about a specific agency

f~~n binil ~~~~7/1/2003
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I 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 # EPAI540IS-951504. It is also included in other general guidanceI documents such as Region Vill'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

sampling. Call QED if you need a copy of these documents.

I 2. Who is using MicroPurge sampling in my state or EPA Region?

MicroPurge users now exist in most of the states, and nearly all EPA regions. QED canI provide you with names of selected references in your area, and contact names for many

regulatory agencies

3. How do I propose MicroPurge sampling to my regulators? Do I have to changeI my sampling and analysis plan (SAP)?

'1 he most cornmuriu way to get MicroPurge acceptance from a regulator is to propose its

use by submitting a modification to an existing SAP, or submitting an SAP for a new siteI incorporating MicroPurge methods. Many regulators like to see some supporting literature

if they're not familiar with MicroPurge yet QED can provide you with copies of a number

of published papers that support MicroPurge methods. Occasionaliy, some roguintorsI 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 toI accommodate low-flow revisions are becoming simpler, and the cost of the time and
paperwork 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 EPA 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 dievices die acceptable for MicroPurge sampling?

Lo-flow sampling is not restricted to a particular type or brand of pump: any device that

ca eibyoperate 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,

bnn /In~wv nrwr~nv croniresnurces/nrToducts/mo)urgc fao.hzml 7/1/2003
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accuracy and precisiofl of sample quality, and long-term operation and maintenance

costs- Generally, it 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 of use and reliability, and are widely accepted by

* regulators tor all ground-water sampling dpplications.

2. Why can't bailers and inertial-lift pumps be used for MicroPurge sampling?

As stated in the U.S EPA's Ground Water issue paper on low-flow sampling, 'Must uf 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 I use a portable pump for MicroPturge sampling, or is dedicated equipment

required?

While portable pumps can be used for low-flow sampling, the choice between dedicated

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

QdUbC sorme mixing of the stagnant and dynamic water zones and resuspenqiflinf qnfnlids

that have settled in 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

luter reduce sampling time anc control costs by reducing equipment set-up, eliminating

decontamination and equipment blank samples, and improving sample consistency and

method control Dedicated equipment is strongly recommended for welis that will undergo

routine sampling over time

4. Is a flow cell required for MicroPurge, or can separate instruments be used?

To successfully accomplish taking readings when low-rate purging, a flow cell is the only

practical way to measure multiple parameters in short time intervals. If passive sampling

is used, stabilization is not an issue and separate instruments could be used, especially

where the purge volume is insufficient to fill the cell. Systems such as QED's MP2O Flow

Cell can measure up to six parameters simultaneously, and IuUl frames of data can be

automatically 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. Calibration of

the pH, conductivity and dissolved oxygen should be checked each time the MP20 Flow

Cell is used, ubually at the beginning of each day. Tho MP20 will hold its calibration for 2

long time compared to some instruments, but should be recalibrated when checking

indicates inaccurate readings

i'vxtvv, npdenv ~ ~ ~ ~ ~ fnn htmil 7/1 000,
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I 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 ofI samples shouldn't occur. This can be done by either by disconnecting the tubing before
sampling or using an optional in-line T fitting and valve assembly. Using the T fitting will

decrease the flow through the cell, and may affect reading values during sampling.

hi n cee .cmreore/rout/tLrefaht 7120
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User's Guide for Polyethylene-Based Passive Diffusion
Bag Samplers to Obtain Volatile Organic Compound
Concentrations in Wells

Pail 1: Deployment, Recovery, Data Interpretation, and

Quality Control and Assurance

By Don A. Vroblesky

EXECUTIVE SUMMARY letruchlorcthene. trichioroethene, toluene, naphthalene,
1.2-dibmN raethane- and total xylenes within the PDB

Water-filled passive tlifluston bag IPDBJ samplers saimplers equIflifbrated with thie concentrations in an

described in this report aic suitable for obtaining con- aiqueous Iwniti e of those compounds Surrounding

centrations of a variety of volatile organic compounds thle samnplers under laboratory conditions within

(VOCs) in eround water al monitoring wells. Thle sug- approximatecly 48 hours at 2-1 degrees Celsius (0C).

lesied application of the method is for iong-teirni m11ru1 A subsequent'laboratory study of mixed VOCs at 10 0C

brineof V~s i groud-waer vcl Isat oelI-showed that tetrachoiorcihene and triebloroethiene were

Characterized sites. equlibrate-d by about 52 hnuts, but other compounds

Tliccifcti cieas r te us ofa si~lcPDB requLIredC Clone CollAbiation times (_ htoroethane,

aS mlpler in a w~el I is dependent onl thle assumiption that ti-o2d h iochn.nns-L12-diIIch~lorehene, and

there is horizontal flow th~rough the well screern and 1.1 -dichioroethene were not equilibrated at 52 hours.

that thle quaIi ty, of the vIater is representative of thle but aippeared ito bc equin librted by the next sampling

ground water in the aquifer directly ad acent to the point at 93 hours. Vinyl chloride, I1-1,1 -trichloroethane,

screen. If there are vertical components of Ionra- I.2-dichboroethane. and iA-dichioroetharne were not

borc-hole flow. mitltiple inter' al s of the fornmti on eqiu Ibrated at 93 ho trs, but were equilibrated by the

contributing to flow, or vauryints concentaiatotns of ntni 1 igpnta 6hor.Dfferenit eqluil ra

VOCs vertically within the scet ened or open interval. tton ii s truay exist for other cmons ifine

then a multiple deployment of PDB samplers within aIIt imsifay-bwensglsouer
wellmay e moe apropiatefor amping he wll. in equilibratin tie.fay.btensgl-ouer
wellmaybe ore pprprite fr smplng te wll, mixed VOC solutions, have not yet been thoroughly

A typical PDB sampler consists of a low-density examined

polyethylene (LDPE) lay-flat tube closed at both ends
aInd containing deionized water. The sampler is posi- The samnpicra should be left in pluce tong enough

hioned at the target horizon of the well by attachment to fora the wvell water, contaminant distribution, and flow

a weighted line or fixed pipe. dynamics to restabilize following sampler deployment.

The amuiTIOn Of Uine itiut tIc 1,ampler Should bc Labortory, and field dti a sggest that 9 weeks cfopidii

left in the well prini to recovery depends on the time bration probably is adequate for many applications;

required by thle PDB sampler to equilibrate with ainbi- therefore, a minimum equilibration time of 2 weeks is

ent water and the time required for the environmental suggested. In less permeable formations. longer equili-

disturbance caused by sampler deployment to return to br ation times mnay be required When applying PDB

ambient conditions. The rate that the water within the samplers in waiters colder than previously tested

PDR qiampler equilibrates wvith amubient water depends 1 I0 0C) or for compounds without sufficient corrobo-

onl multiple factors. ineltiding the type of compound niting, data, a side-by-side comparison with convent-

being sampled and the watler temperature The toinal mnethodologgy is advisable to justify the field

concenraions of benzeoc. mx-1.2-dichornoctherne. eqibrtotm.

Executive Summrary
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Following the initial equilibration period, the 10 angsiroms or less, sediment does not pass through

samplers maintain equilibrium concentrations with the the membrane into the bag. Thus, PDB samplers are
ambient water until recovery. 'l'hus, there is no specified] nut subjectr to interferences from turbidity,. InI addition,

le for sampler recovery Afte initial equilibration, none of the data collected suggest that VOCs leach

P1DB samplers routinely hlave been left in ground wvaters from thle LDPE material, or that there is a detrimental

having convecntrations of gi-eater than 5(10 parts per effect on the VOC sample from the PD13 mateiital.

million tvpmi) of trichlorocihenec for 3 months at a time Warter-filled polyethylene PDB samplers are not

with no loss of bag integrity. and at one site. thle PDB appropriate for all compounds. The samplers are not
samrplers hove been lefi in place in VOC-unniominaeul suitabjle fut inui..ganic ions and have a imnited applies-

ground water for I year with no reported loss ofsannplei blt o o-Osn o on Os o xml

integrity. The e fictes of long-term (greater than I month) although methyl-teri-butyl ether and acetone and most

P'DB-samnpler deployment onl sampler and sample integ- seriuvolatile c'ompounds'are transmitted] through thle
I ity have not yei been IIhoroughly tested for a broad polyethylene bag, laboratory tests have shown ihat the

rangeof cmpouds ad conentrtion, hoeverresulting concentrations were lower than in anbient
Moreover, in somne environments, development ofa water. A variety of factors influence thle ability of

hiolll on (ie poythln ma eacne~iie compounds to diffuse through the polyethylecne. These
long-term deployment. Investigations of semi perneablle factors include thle Molecular size and shaple anti the

mebihiane devices (S PM Ols) have shown that the tians- \'dlroploitc naturne of the compound Unpublished lab-
fer of'sonic comipotunds across a thearvity bilikbUled lJutr -tto etdt fSj~Vjul opud I otc

ethylene membraite niay be redticcd. butl not stopped. 'vith f'DB samrplers sitowed a higherI coIMncntat ion of

IfN heavy organic coating is obserN ed on aI P1DB phihllates, inside the P1DB samnpler than outside the

sampler. it is advisable to determine the rintegrity of thle PDB sampler, suggesting that thle polyethylene may
saumple b\ comparison to a corn entional sanipli ngcoirbephhaastohenlsdwtrTute

iTtetltod beforie connt iiing to use IP13B samplers lot sitrniplers should not be usecd to sample for pihihaltes.
tont, lern deployment In t trat WellI

Recoeci y consists oficnlov ing the samp~lers VOC concentrations in . PD13 samnplers represent
from the well and nins mediately ii ans ferring the coniccnitrat tons in thle vicinity o1' the sampler with int Ite

ettelosed wainci to 40-milliliter sampling vials lot anal1- well1 screen or open interval. This maiy be a limitation

Asis. The result iitg coiienratritlons represent an inega fo 1Bstpe sndoicthryesfsmpn.
OH1 ol chemlical changes over the most recent portion Sucht as lowv-flow sampliling, if thle grou nd-water

of the equiiibrat on period I appioxiniamtlyk 48 to 166 contamintalion is above or beclow tilte screen or not in
hours. depending on the wYater temperature and the thle sample intervals, prov'idiiig 'varle movement tL, I hr

type of compound). PFOB samp I Iers . I f thlere is a ve rt ical hvOdraI i IIc e rad(IenI
Tilemetod bs bth dvanage an limtatons In thle well, lien the concentrations In thle saimpler may

\vhen compared to other samplitig methods. A dvan- tepresent thle concentrations in thle water flowting verti-
Ul e tItclue thle potential for P1DB saisplers to elitni~- cal ly past the sanipler rather than in the format ion

tage osubtttal ueteaIU1 fpiewtr directly adjacent to the samplers Vertically spaiced

associated with sam ip1ing. T-he samplers are reta lively Imultiple PDI3 samplers may be needed in chemically

inexpensive and easy to deploy and recover. Because stratified wells or where flow patterns through thle
PD)13 samplers are disposable, there is no downhiole screen change as a result Of grZound-wante purnp~ing (ir
equ ipneni to bie dioleitajnimated between wells sand saoa ae-ee lltHIIS

there is a intiiiir tm aisount of field eq iii pmentl The purpsoses of this doe unent arIe to present

requited. Thle samplers falso have thle potential to methods for P1DB sampler deployment, and recovery;

deIi neat e contaminsiant strati fieatoin in the. format iots to discuss approaches to detertisinc the applicability of

Jacross the open or- screened inter vals of mtn tioi i ug passtVC diffuio.hn samplers: ,and to disetiss various

wvells xvhet e vertical hydraulfic gradients are mot factors Influencing interpretatiolt of the data Thle
pnrcricn. InI aid it io oti. e smplliers integrate concerti- Intended audience for the methodology sect ions tofthis

tratinits over time. wNhich islay range between about report is managers and field personnel Involvedt ii tisitig
48 to 1 60 hou is drepending onl thle compound of PD1) sit:inplers. 'ihe discussioit oh' passye diffusion

interest Becausme ilte pore size of LDPE is onvlyb abou samplet applicability and iiiterpretzttioil oflthe data is

2 User's Guide for Poiyettiyiene-Based Passive. Otusion Bag Samplers to Obtain Volatile Organic Compound
Concentrations In iwcus-Pan, U eyiut r'eoovery, DouIto .nt.....oIon, and OtCiuy(onirn and Assurance
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suited for project managers. technical personnel. and the A variety of PDB samplers have been utilized in

regulatory community. Papt 2 of this report presents case well applications (fig. 1). Althotigh the samplers vary

studies of PDB sampler field applications. in specific construction delaiih. a typical PDD samplcr

consists of a I - to 2-ft-long2 LDPE tube closed at both

ends, and containing laboratory-grade deionized water

INTRODUCTION ~~~~~~~~(fig. 1).' The typical diameter for PDB samplers used in

The use of PUB samplers for collecting ground- a 2-inch-diamnete well is approximately 1,2 inches;

water samples from wvells offers a Cost-effective however, other dimensions may be used to match the

approach to lone-termn monitoring of VOCs at well- well diameter Equilibration times may be longer for

charaicterized sites (Vroblesky and H-yde. 1997: Ciefell larger diameter PDB samplers On thle outside of the

aInd others, 1999). The effectiveness of the use. of a PDB sampler, a low-djeconsgitypolyethylene-mes some-

single PDB sampler in a well is dependent onl the limes IS used for rtcinaantarso noe

assumption that there is hotizontal flow through the bor eholes and as a means of attachment at the pre-

Will1 sereen and that the quality of the water is repre- scribed depth The P1)8 sampler can be positioned at

sentative of tihe ground water in the aequifer directly thle larget lio) wzon by attachment to a weighlted line or

adjacent to thle screen if there are 'vertical components by attachment to a fixed Pipe.

of intr-bnruelnlel flow, multiple intervals of the formia- PD)8 samplers for rise in wells are available

tion contributing t0 flow. or varying Cicnctatiqoils of cioeilv.Authorized distributors as of March

\'O~ veticlly iihn te sceend o ope inervl, 001 aic Columbia Analytical Services (800-695-7222:

thenr deployment of multiple PDB samplers wvithi~n aConadEoPrdcs8047290

Site]]unav e mor approriatefor smphwxv"Nk conupi ocom) .A current list or vendors and

Thre samplers consist of deionizedi water PD13-samnpler conlstructioii details canl be obtained

enclosed in a LDPE sleeve (fig.1 I anld ale decPloe1d fromr the U S. Geoloe~iea Stu vc~ Tecliiology Transfer

adjacent to a targel horizon x'ithin a screened ci open Enterpritse Office. Mlat Stop 2 1 1 National Cenlier,

interval of aj well The suggested application is for 21201 S~iuirise Vall1ev Drive. Restonl. Virginia 20192

long-term monitoring of VOCs In giound-v~ater well. tjelsphone 7,03-o48-4344, la>. 703-648-4408). PDB

Where thle srcereend interval is greater thivan 10 leet (In) sainplevs e mploy patented technology (U.S. patent

thle potenltial for contaminaent stratifica~tionl and'ior ntra- number 5.804.7433h. end theic fore. reqtmire that the user

bo Ichoe 10~kwitin he C] enc I act 'Icter put c otn CMIerciallv Produced samplers fromn a

thanl in scelenedo fiery als shorter than tO ft it is iMiP0 lcc ased mnantifacturer or pum chase a nonexeclusive

tant that the vertical distribution of conmtaminnts be license for sampler costisructiois from the 13 S.

detemine in ellshavig 10Ft-lng wll sreen. Gological Survey Technology Enterprise Office at

and that both the vertical distribution of contaminants thle above address.

and the potential for intra-bonehole flow be determinedTh Lpoe fta cu n reopest

in wells having screens longer than 10 ft. Eut lualtyTeppscofti iciiniaet rsn

VOCs of enivironmental interest (table I1), thle VOC methods for PDB sampler deployment, and recovery;

concentration in water within thle sampler approaches to disctiss approaches for determining the applicability

the VOC concentration lin water outside of the PDB of passive diffurion samplers; and to discus~s various

samplets over an equilibration period. The resulting factors influencing interpretation of the data. The

concentrations represent anl integration of chemical intentled audience for the methodology sections of this

changes over the most recent part of thre equilibration IePur I is mlanagecrs and field personnel involved in

period (approximately 48 to 1 66 hours. depending on using PDB samplers. The discussion of PDB sampler

the water temperature and thle type of compound being applicability and inlerprectation of the data is suited for

sampled) Thle approach is inexpensive and has the projeci muanagci s. Iccli ,,,al c ule and the regula-

potential to eliminate or substantially redu~ce thre tory comm TInity. Pail 2 of this report presents case

amount of purge water removed] from' the xveil. si tdies of PD8-sampler~ field applications

introduction 3
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A. 'E B

V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~dfuinbgsmlr sdin wells.
inclding(A)diffsionbagwith

polythylne esh,(6)dittusion hag
wilboj it mesh, and iCj baco and mesh
attached to bailer bottom.

Table 1 Comnpounds tested under laboratory conditions for use with passive dillfusion bag samplers

[From Vrobleskv and Campbell, 20011

Tested compounds showing good correlation (average differences in concentration of 11 percent or less
between diffusion-sampler water and test-vessel water) in laboratory tests

Be n/ene 2 Ch iorov iTiVyI ether te5- 1,2-D[i chIloroetithe Je. ,I-'Tri chlIorneib inc

BionioidiciitiioiiefihanC .i....c nrrnian ,,,s-I 2-Diehlornethene I -i .2-Trichloroeiliaiiw

B niotholrro D)i brornomethane I?- Die bloropropane rc h loroethente
Chlii rob~cnzei e1I.2 -Dih eboobenzene is-D ich otopiopeil mLimiH IU' ontbn

CarboIIn tetrachtlnride 1.3- Diehlnrnhenzerie I2-Dibrorioetorcihn 12.3-Trichloropropunt:

Cli to,thiai ne 1.4- Dichooenbu.i-rzene zctii,i-1.3- Di chlnropropene 1.I 2 2-icirLicliloroeiliaic

Chliooin IDim icticibind0unromlethuti Et h i yl be nrc ne Teir:H ....o.e ib ne

Chtoioiiciliiic: 1,2-Dichlrorcthain Naphibhilene Vinyl chloride

1.I -Di h lorki he mce Toluene Total xyrcie%

Tested compounds showing poor correlation (average differences in concentration greater than 20 percent
between diffusion-sampler water and test-vessel water) in laboratory tests

Alcoi Ii"Ni - ii b h.y ic Si,--

* i..M S 4 't'L, LH,, I S S I3;rH12iHL'l G,,,' l FiL'~ ticcr , C .......... ~i i CHCH 1IiJ. 2itXi

4 user's GUide lor Pclyelhylene-Based Passive Diffusion Bag Sampiers to Obtain volatile Organic Compound conCenlralions; in

Wells-Part 1 Depioymen~rl Recovery, Data Intetrprelation, and Quaitly Control and Assurance
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Summary of Passive Diffusion Bag Sampler well wvater, contaminant distribution, and flow dynamics

Advantages and Limitations to restabilize following sampler deployment.
2. Watet-flhle~d polyethleneri PDD samplcrs arc

Advantages ri~~~~~~~~~ot appropriate for all compounds. For example,

I. PDB samplers have the potential to eliminate although methyl-rert-butyl ether and acetone

or subsiantially -educe the amount of purge water asso- (Vi'olblesky. 2000; Paul Hare, General Electric

ciated with sampling. Company, oral commun.. 2000) and most sentivolatile

2 PDB samplers are inexpensive, compounds are transmitted through the polyethylene

3 The samplers are easy to deploy and recover bag. laboratory tests have shown that the resultng

4. Because PDB sampleis are disposable, there is no concentrations were lower than in ambient wvater.

dnwnhole equipment to be decontaminated between wells A4 variety of factors influence the ability of compounds

5. A minimal amount of field equipment is required. to diffuse through the polyethylene membrane. These

6. Sampler recovery is rapid. Because of the small factors include the molecular size and shape and the

amount of time and equipment required for the hydrophobic nature of the compound. Compounds

sampling event, the method is practical for use where having a cross-sectional diameter of about 10

access is a problem or where discretion is desirable (that angstroms or larger (such as humice acids) do not pass

is, residential communities, business districts, or busy through the polyethylene because the largest (transient)

streets w~here vehicle traffitc control is a conlcern), pores inl polyethylene do not exceed about 10 angstroms

7 Multiple I'DI3 samplers, distributed v~ertically inl lidaniCICi (lyan and Yalkowsky- 1 972: 1-wang and

along the screened or open interval, may be used in Kaminencneczer. 1975: Comyn. 1985). The samplers are

conjunction ~t ith borehole flow, meter testing ito gain not appropIriate fofhdothecpoa moeles.suco a

insight on the mrovement of contaminaints into and out of inorganic ions A detailed discussion ofterlto

thle well screenl or open interval or to locate thle zone of between hydiophobicity and compound transpoal

highest concentration in the well Analytical costs whenlr through polyethylene can be found in Gale (1998).

urine, nultiple PDP sampler; sometimies Can h. 'di'rred Unpub i shed1 laboratory test data ID A. Vroblesky. U.S.

by selecting a limited number of the samplers for lahora- Geologpical Sur' cy. written eomnmun . 1998) of semni-

tory analysis based tin screening by usingl field gas chro- volatile comnpounds in contact with PDB samplers
netorapy a theoleof ampl colecion ahowedl a hi~her concentration of phtbhalates inside the

8. Because the por e size of LDPE is only, about PU)B sampler than) outside the PDB samipler. suggesting

10 ang-stronms or less, sediment does not pass through that the polylethylene may contribute phithalates to the

thle menmbran, into the bag, Thus. PDB samplers are tnot enclosed water. Thus, thle samplers should not be used

subject to interferences from turbidity. In addition. none to sample for pbtbataices.

,of the data collected suggest that VOCs rliea' foul Pile 3. PDE samuplers rely on tile free nmovemtent of

LDPE matlerial or that there is a deti rimental effect from %vater through the well screen. Inl Situations where

the PDB matertal on the VOC sample. maound water flows horizontally through the well screen,
the \'OC concentrations in the open interval of thle well

Limitations probably are repiesentative of the aquifer water in the

I. P1DB samplers integrate conentaritlonq over adjacent foriimatio (flihnni ansi others, 1985; Robin

time. This mlay be a limitiation if the goal of sampling is and Gillharn. 1987: Kcarl and others, 1992, Powell and

to collect a representative sample at a point in time in anl Pigts, 1993: Vroblesky and Hyde, 1997). In these situa-

aquifer where VOC-concentrations substantially change tions. the VOC concentration of the water in contact

more rapidly than the samplers equilibrate. Laboratory with thle PDB samplers. and therefore, thle wvater within

results obtained indicate that a Variety of compounds tile diffusion samplers. probably represents local condi-

equilibrated within 48 hours at 2 1 0C (Vioblesky and tiuns in the adJacent aquiferi However, if the well screen

Campbell. 2001). Vinyl chloride. LIlIl-trichloroethane, is less perticable than thle aquifer or thle sandpack. then

1.2-dichloroethane. and 1jl-dichloroiethane may require under ambient conditions, flowlines may be diverted

between 9.3 and 166 hours to equilibrate at 10 0C arouind the screen. Suich a situation may arise from load-

1 M N. Stvavec and S. S Baghet. Generalt Electric equate Well development or io-nut nion jue[clia! fouliiig

Comrpany. W ritI~ ten con -1nn . 2000) The iniltial equili- of the well screen. ]In this case, the VOC concentrations

bration undet field conditions may be longer to alov ii thle PDB samplers may not represent concentrations iii

Introductan. 5
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the Firmt iion water because of inadequate exchange line are stainless steel and can be reused, but must be

aicross the well screen. PDB samplers have not yet been thoroughly decontaminated \vtth a detergent before the

adequately tested to determine their rcsponse under first use or before using in a different well. Rope, such

Such conditions. ats 90 pound, 3/16 inch braidedl polyester, can be used

4. VOC concentrations in PDB samplers represent as the line for single-use applications if it is of suffi-

ground-water concentrationis fin the vicinit vy of the cient strength to support the weight and sampler, is

screened or open well interval thatr move to thle sampler' nonbuoyant. and is subject to minimmal stretch: how-

Under ambient flow conditions. This is a limitation if the ever, thre rope should not be reused because of thie high

ground-water contaminaition lies above or below the potential for cross contamination Stainless-streel or

well ZILICCI or, open interval, and requires the operation Teflot-coaqted stainless-steel wire is preferable The

of a PUMP to conduct contaminants into the well for weighted lines should not be reused fin different wells

Sampling, to pt-event carryover of contaminants. A possible

5. In cases where thle well screen or Open' inter- exception is coaled stainless-steel wire, which can be

val transects zones of differing hydraulic head and reused after sufficient dlecontamination An alternative

var iahie contaminant concentrations. VOC conieentra- deployment approach. not discussed in this section, is

lions obtained using aI PDB3 sampler may not reflect to attach the PD13 samplers ito a fixed pipe in the weve)

the conecnti ations in thle aquifer directly adjacent to (Vroblesky and Peters. 2000. p 3: also Included fin Pail1 I

the sampler been use of vertical it ansport in thle wvell ofithis publication). Thle PDB Samplers should not coti-

However, a vertical array ofPD P0 1 aplers. tised fin tact non-aqueIous phase liquid (NAPL) during deplov-

cornjmuction with borehlecl powv meter tesut ng. can ment or retrieval to prevent cross coniamination. Anl

provide insight onl the movement of corntain !naits Into prchhacnbeUizd oelydifsonSm

or out of the well. This in formation then canl be used to aproc tat cane be utiized to Pi depodifsionbesai-piers throughalyroflaigNPisdcibdn
helps determine tithc use of PD13 Sariplers IS appiopti- the Field test at Naval Station North Island. Californiai

atfe for the well, an toslc h ptmlvria Vrobleskv anid Peters, 2000. p. 3-4. also iteluded in

locatioinsi for the snampler deploymioent. 'lart 2 of this publication).

6. III wells w itl seciei is upeot Iciitier'9 a Is 01 t if thle Pf)ili sampler is to he coniptimi tat l i a

stratitied chemical concentiations. thle Use of a single convenitnioal pumpning appiroach to sailipl~ing. then it ns

lpl)I3 saap let set at an arb itt ary (by, c onventlion) depth suggested that both the puLmp and thre PDB saimpler be

maty nlot provide aecot ate conicentration val Uie for the delyda -esm itewt h hpdatce

most onai~lilued zne. oweve. mutiplePDB neart (such as directly below) the pumlp inlet This

sampJJIles (Ii str ib tild vertically' a long thle screened or approach eliminates Ipotential] concentration differences

openi interval. in) eoniljiction1 with tliumo samlplin betvween thle two Imethods 1hat1 maye result fromt well

las2i1pronat). an e tse tolocte ones) f h'h disturbance during equipment removal and deploy-

est concentration in the well. Multiple P DB sampleS ment at thle timei of samnpling An) alternative method is

also may be needed to track the zone of maximiumn t elytePBsmlt neednl fh

concentrlitiO illi wells where flow patterns through thle todpythPBsa lesieennlyfte

scelenedo interval chiin te as a res tlt of ground-water plumps and recover the samplers imamediately prior to

pti uiping o sesona watr-tale i ucuatins.placing the pumrp down thre well
pumpin or sesonal alcr-tble tIICI~laions.PDB samplers are available either prefilled

(field ready) will) laborator y-grade deionized] water or

PASSIVE DIFFUSION BAG SAMPLER unfilled. The unfilled samplers are equ~ipped with at

DEPLOYMENT plug and funnel to allow foP field fingta, and sample
recovery. To till these samplers. iremove Ile plug fromt

Avariety of approachecs canl be used to deploy the sampler bottom, insert thre short funnel into thie

the PD)13 Samplers fin wells. A typical deployment sampler, and pour laboratory-grade decionized water

approachI. described in it is section. is to attachthe the tesipliTcsarper sioul d be Fitled tinti I

PDB1 samplers to a, mveighted line. it also is ,acceptable wvater rises land stands at least half wvay into the Funnel,

to attach tilie weights directly to the P0D3 sampler if the Remove excess bubbles Forom thle sampler. Remove thle

attachmnent point IS ot Stilt icien strengiti to SL~i[,iII thle funnel and etittach the plug A smalil airi bubble fromt

weighr. The wec~ighs attached to the bottom of the thle plug is of no concern.

6 User's Guide for Polyethytene-Basold Passive~ Difiulsion Bag Samplers t.oObtain voattie Organic Compoun .d

Concentrations in welis-Part 1; Deploymnent, Recovery, Data interpretation, and Quality Control and Assurance
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Thle following steps should be used for deploying (a) For 5-ft-long or shorter well screens, the

PDB samplers in wells: center point of the I'DB sampler should be the

1. Measure the well depth and compare thle vertical midpoint of the saturated well-screen

measured depth with the reported depth to the bottom length. l-or example, if the well screen is at a

of the well sdreen) from well-construction records. This depth of 55 to 60 ft below the top of casing, and

is to check on whether sediment has accumulated in the the measured depth of the well is 59 ft. then the

bottom of the well, whether there is a nonscreenredbotmfthwelpbayhsfiedihsch

section of pipe ('sediment sump) below the well screen. bontto of thsae, w hel probably has filedwt sedi-e

and on the accurfacy of well-construction records, If met.I this casethme mipoints of the sampwilber

thcrc is on L1n1CerMainty regarding length or placemnent of betinnteatahetpinso h ln ilb

the well screen, then an independent method, such] as midway between 55 and 59 it, or at 57 ft. Thus,

video imaging of the well bole, is strongly suggested. for a 1.5-ft-long sampler, the attachment points

2. Attach a stainless-steel weligh to the end of thle on a weighted line should be tied at distances of

line. Sufficient weight should be added to counterbal- 1 .25 ft (2 ft - 0.75 ft) and 2.75 ft (2 ft + 0.75 ft)

anee the buoyancy of the PDB samplers. This is fioit the top of the sediment in the well, or the

particularly important when multiple PDB samplers art otmof'ewlmaigajsmet o h

deployed. One approach. discussed in the followingbotm fthxvlaknadumestote

paragraphs. is to have the vweiht resting, on the bottom lengthe of thle attached weight. When the PDB

of thle well , with the line linw above tihe weigtm Alterna- sampler is antached to the line and installed in the

tively. the PDB sampler and "veight may be suspended well. the center offthe sampler will be at 57-ft

above the botnom. but caution should be exercised to depth if, however, independent evidence is

enisuriethat the samrpler does not shiftlocaition Such avala,,ble sho" ing thatlthehijghest concentration

shifting canl result, fromt slietching or shlppin of thle line of contaminants enters the v, ell from a specific

ot. ifmtiltiple samplers are attached end-to-end rather zn xIlntl cendItrate h D

than to a weighted line, stretching, of the sam"plers

3. Calculate the distance fromn the bottom of the ~ l1t hudtegtliida htitna

wvell, or top of the. sedimntc~ In thle wvell, uip to the point fu) Fot 5- to 10-fl-long wcll screens, It Is

where the PDB sampler is ito he placed A variety of ad' isable to nh1 ize multiple PDB samplers verbh-

approaches canl be used to attach the PDB sampler ito Calk along the length of the well screen for at

thle wveight or w~eighted line at the targ-et horizon, The lensi the intrialo samplingi (fig. 2). The purposes of'

field-fillable type of PDR sampler is equipped ~\ ith a thle Imultipl PDB samplers are to determine

hanger assembly and weight that can be slid over thle %The ther contamninant stratification is present and

sampler body until it rests securely near the bottom of to locate thle zone ofhinghest concentration. The

the sampler When this approach is used with multiple midpoint of each samrpler should be positioned at

PDI3 samplers down the same borehole, the weight die midpoint of the interval to be sampled. For

should only be attached to thle lowermost sampler. 1.5-ft-long samplers, at each sampling depth in

An additional option is to use coated stainless-steel thle sccepnedi interval, make two attachment

wire as a weighted line, making loops at appropriate points on thle weighted line at a distance of about

points to attach the upper and lower ends of PDB .ftar.Thatcmetpissoudb

samplers. Where the PDB sampler position varies1.ftartThatcmetpissoudb

between sampling events, movable clamps wvit rings positioned along thle wveighted line at a distance

can be used. When using rope as a weighted line a from the bottom end of the weight such that the

simple pproachisco i knots or attlach clasps at the midpoint between the knots will be at the desired

appropriate depths. Nylon cable ties or stainless-steel sampling depth along the wvell screenSape

clips inseiled through the knots can be used to arttach intervals are variable, but a simple approach is to

the PDB samplers An approachl using rope as a use thle top knot/loop of one sampler interval as

weighited line with knots tied at thle appropriate thle buiujinknt/loop for the ove ;.ling sampler

sampler-attachment points is discussed below, interval,.

Passive Diffusion Bag sampier Deployment V
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~~~S ~~~~rigure 2. Examnple of multirpI- PflR
samplers prepared for deployment.

c)l PD!3 samplers should not he used in wells thle line canl be attached directly to thle top of the

havinga seieonr!cd o open intei vats longer than sampler. PDR samplers utilizing anl outer protective

0( ft tinless use~d in conjunct on with borehole meshl canl be attached to a wetghted line Iby usingz the

flow meters or otheti techniques to characterize full owing procedure.

vertical variability in hydraulic conductivity and (a) Insert cable ties through thle attachment

contamiitant ciist ribu ton or used strictly for points in the weighted Ii uc.

qualitative reconnaissance purposes. This is (b) At each end of the PD13 sampler, weave

because of the increased potential for cross con- the ends of the cable ties or clamp through the

tamiination of water-hecaring zones and hydtalUi;- LI'UL mesh sunoun11diig tie sampter and tighten

catty driven miixing effects that May Cause the the cable ties. Thus, each end of the PDB1

contaminaint i stratification in the well to differ samripler will be attached to a knot/loop in the

l oca thle coma itannitn li cto in the adja- weighted line by meanrs; of a cable tie or clamip.

cenit aquifer material, If it is necessary to sample The cable ties or clamps should be positioned

suhel wells, ilheit i tilt iplc I1DI3 samplers should through thle polyethylene mesh in a way that

be installed 'en cial y across the screened or prevents the P1flf3 sampler from sliding out of the

openl interval to determine thle zone of highest miesil

coacittetration and whether cobnatainant stratifi- (e) Trim thle excess from the cable tie before

calt i'n, i pocseilt pl actn thle sa finpe down the well Caution

4. Th'e saroplei s shoul bc beattached to the should be exci cised to prevent shar p edges onl

wecights or, x~'ight ed line at thle time of deploymnent - the trimmed cable ties that inay picunere thle

lFor samlplers Utdi f/in the hfanger anti weight assembly. LDPE.

S User s Guidie for Polyethyiene-Based Passive Dittusion Bag samplers to Obtain Volatile Organic Compound

Concentrations in Wells-Part 1 Deployment. Recovery, Data ijto.ptWlali, and Quality Control and A,,ei'rsne
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5. When rising PDB samplers without the protec- equilibrated at 52 hours, but appeared to be equilibrated

live outer mesh, the holes punched at thre ends of the by the next sampling point at 93 hours. Vinyl chloride,

bag. outside the sealed portion. can be used to attach i,1.1 -tiiehloroetharlC, t,2-dichloroethalfe, and 1j1-

the samplers to the weighted line. Stainless-steel spring diehloroethanle were not equilibrated at 93 hours, but

clips have been found to be more reliable than cable were equilibrated by the next sampling point at 166

ties in this instance, but cable ties also work well, hours. Different equilibration times May exist for other

6. Lower the weight and weighted line down thle compounds Differences in equilibration times, if any,

well until the weight rests on the bottom of the well between single-solute or mixed-VOC solutions have

,and the linec above the weight is taut The PDB not yet been thoroughly examined.

Samplers should now be positioned at thre expected Under Field conditions. the samplers should be

depth A check on the depth can be clone by placing a left in place long enough for the well water, contarm-

knot or mark on the line at the correct distance from the narit distribution, and flow dynamics to restabilize fol-

top knotiloop of the PDB sampler to the top of the well lowing sampler deployment The results of borehole

casing and checking to make sure that the mark aligns dhilution studies show that wells can recover to 90 per-

with the lip of the casing after deployment, cent of tihe predisturbance conditions within minutes to

7. Secure the assembly in this position. A sug- several hours for permeable to highly permeable Lieo-

gested method is to attach the weighted line to a hook logic formations. hutl may require I100 to 1,000 hours

on the inside of the well cap. Reattach ihe well cap. (4 to 40 days) in mutds. very fine-,grained loamy sands.

The well should be sealed in such a way as to prevetit and fractured iulk. and mnay take ev en longer in frae-

surface-water invasion. This is particularly imiportant titled s11ales. recent barn11s. Clays, and Slightly fractured

in flush-mounted wvell vaults thlat are prone to flooding. solid teneous rocks (H-alevy and others, 1967).

S. Allowa the system to remain undisturbed as thle in genieral. where the rate of ground-water

PDB samplers equilibrate. mm oerment past a diffusion sampler is high, equi libra-

lion tunes throughi variotis inembranes commonly

PASSIVE DIFUSION BAG SMPLER AND range fronm a few hours to a few days, (Mayer. 1976:

PASMIVE DIFUSONV AGSA PLRYN Hari nelon and othlers. 2000) One Field investigation

SAMPLE RECOVERY ~~~~~~showed adequate equilibration of PDB1 samplers to

Thle amount11 Of itime that the satuplers, should be aquife r irteloroethene (TCE) and carbon tetrachloride

left in the well prior to recovery depends on the time (CT) concentrations within 2 days in a highly perme-

reqctired by the POD sampler to equilibrate with anibi- able aquifer (Vroblcsky and others, 1999). In other

ent water and] the time required for environmental inv estigaliofls. PD11 samplers recovered afier 14 days

disturbances caused by sampler deployment to return to were found to be adequatety equilibrated to chlorinated

ambient conditions. The rate that thle water within thle VOCs (0Obrien & Getie Engineers. tInc.. 1 997a. I1997b:

PDB sampler equilibrates wkith ambient water depends ]Hare, 2000); iherefore, the equilibration period was

on multiple factoers, including the type of compound less than or equal to 14 days for those field conditions.

being sampled and the water temperature The concent- Because it appears that 2 weeks of equilibration proba-

trations of berizenc. cis-1.2-dichloroctherle (cDCE). bly is adequate for many applications, a minimum

tetrachlorethene (I'CE), trichloioethenec (TICE). tubL- equilibration time rof weeks is suggested When

crue. naphthalene, I1,2-tdibromoethane (BOB), and total applying POD samplers in waters colder than previ-

xylenes within the POD samplers equilibrated with the ously tested (10 0C) or for compounds without suffi-

csontciitoiat-iii InI an aqueous mixture of those cient corroborating field data, a side-by-side com-

compounds stirrounding the samplers tinder laboratory parison with conventional sampling methodology is

conditions within approximately 48 hours at 21 0c advisable toijustify the field equilibration time.

(Vroblesk~y and Campbell, 200"1) A subsequent labora- in less pernieable formations, longer equilibra-

tory study ofmixed VOCs at 100OC showed that PCE tionl times may be required. It is probable that water in

and TCE were equilibrated by about 52 hours. but other the well bore eventually Will equilibrate with the pore-

compounds teqiuired longzer equilibration times (T M. water chemistry; however, if the rate of chemrical

Sivavec and S S Bagel.el General Electr ic Company, chance or vrolatilizationl loss in the well bore exceeds

written COMn~in.. 2_00(1 Chloroethane. cDLCE. irans- the atie of excbange between the pore water and thle

I 2-dicbloroethene. and l1.1dichlorolelhene were not well-bore water. then the PDB samplers may uinder-

Passive Oarllsion Bag Sampier and Sample Recovery 9



876 225

estimate pore-water concentratioiis. Guidelines for sample should be rejected. If there is evidence that the
equilibration times and applicability of PDB samplers PDB sampler exhibits a coating, then this should be
in low-permeability foiiiiatituii have not yet been noted in the validated concentration data.
established. Therefore, in such situations, a side-by- 3. Detach and remove the PDB3 sampler from the
side comparison of P`DR samplers anid conventional weighted line. Remove the excess liquid fromn the exie-
sampling methodology is advisable to ensure that the nor of the bag to minimize the potential for cross
PDB samplers do not underestimate concentrations contamination.
obtained by thle conventional method. A detailed 4. A variety of approaches may be used to trans-
discussion of diffriginn ratesq relevant to diffusion for thle waiter from the PDB samplers to 40-mL volatile
sampler equilibrium iii slow-moving ground-water organic analysis (VOA) vials. One type of commeri-
systems Canl be found in Hairringion and others (2000). cially available PDB sampler provides a discharge

Following the initial equilibration period, the device that can be inserted into the sampler If
samplers maintain equilibrium~l concentrations with the discharge devices are used, the diameter of the opening-
;ambient water until recovery. Thus, there is no spc- should be kept to less than about 0.t15 inches to reduce
fied manximumn time for sampler recovery 0 sPec volatilization loss. Two options are presently available
samplers haive routinely been left in ground waiters to recover water from the sample using discharge
having, concentrations 'of greater than 500 lppm of TC deies. One option involves removing the hanger and
fir 3 mont is at a tine will 110n loss of baL' nicegrtv. and weight assembly froml the sampler. in veilting the
ait one site, the PDB1 samplers have been left in place in sanq[iCi so that ile VII p~lug is pointed UripArd. anid
,VOC-contatiuatled grlound water for I year With 11 removing thle plUg. The water canl be recovered by

reportd los of smplerintegity (aul Hre. Gneral directly pourling in a manner that minimizes agita tion
Electric Company, oral commnun .2000). The effects of oi by pouring through a VOC-discharge accessory

lon -ion grc ta iian moth)PD 3-sinpet lepov- inserted in place of the plug. The second approiach
en-ter on s camler tand I smplonthPegr -iityhaet dely involvyes piercing the sampler near the bottom wvith a

been thoroughly tested lt in a road jange 01 cop- d smuall-diamneter dischargeC t ube and allowing wather to
compounds flow through thle tube into thle VOA vials In each ease.

and oncetratons.Motevei in ome nvirnmens flow rates canl be controlled by tilting or manipulating
development ofa biofilm on the polyethylene may be a thsape.Aertilyte 18apercnbcu
Conseqiutence of long-terni deploy tient. Investigations oelii at one end using scissors oi oithet cult ing, devices

sof n seniltpinle uannibrasnec dco ee(poMDs) hav e which have been decontaminated between use for
show tht th i ans 'erof oniccomound ma be different wNells. Water can then be transferred to 40-nil

ted ucedA. but not stopped. across, a lhcavil y hioIbouled \ GA ias by gently pou~ring in a mannct trim i tmil
polycilly lene niembrane (Ellis and others, 1995. ieswtrattonAcpabedlctonhsen
Huckins and others, 1 996, Huckins and others. in obtained using each method. Preserve thel saimple.,
press). If a heavy organic coating is observed onl a acrigt h nltclmto.Tesmln il
PDB sampler. it is advisable to determine the integrity should be stored at approximately 4 OC in accordance
of the saiiple by comparing containimaril concentra- xvitli standard saiipl tag protocol. Laboratory test tag
tions from the PDI13 sanoIner to concentrations from a suggsests that there iq no) ~siltantli at Change I'll thle VOC
conventional sanipling method before contitiuiog to use coiiceiitrations in PDI3 samplers over the first several
PD1R samplers for long-term deployment in that wvell, nitnutes after recovery; howvever, the water should be

Recovery, of PDB samplers is acconiplished by transferred fronm the water-filled samplers to the
using the following approach: sample bottles immediately upon recovery

I Remve th PD1 sampers ful tle wel by5. A cost-effective alternatIive When using muhlt-
u Ig Riemovaced ln.Th e P1 D sam lersfr~om theowld lby pie PDB8 samplers in a single well is to field screen

water foron each sampler Using gas chroniatography
be exposed to heat or agitated.These results can be used to decide which of thle itiulti-

2. lixamitnte the sui face offthe P1)13 sampler tor pie PDB1 saniplers should be Sent to anl EPA-approved
evidence olalgac. iroin or other cttatiiigs, anid (or, tears laboratory tot standlard analysis. Typically. at1 least the
tith(le am mbrane Note the tulservatlions in a saiipIi ng saniple conta n tag the highest conceal tat)(1 tnshot c be
field hook. lfflicreac cat ies iii the membirane, the ,analyzed by a ]laboratory

ic user's Gui..de for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile organic compound
Concntraion i Wcf,- P.,, 1: Deploymen~t, Reco.very, flata inaoeainnd Gusltil Controt and Assurance
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6. If a comparison is being made betweei ence of contaminant stratification, and borehole flow-

concentratiofls obtained using PDB samplers and meters can be used to determine whether intra-

concenratiosobtine using a conventional sampling borehole flow is present. When using flowmeters to

approach. then the well should be sampled by the ,,,sure vertclfo nsree borehobecaus howeer

conventional approach soon after (prefer ably on the the data should be considered qualitauhtive beausdo

aameday recver' ofthePDB sampler The water the potcntial for water movement throughothers sand

samples oibtained using PDB samplers should be seni pack. Borehole dlto et Hlv n tes 97

in the same shipment. as the samlples collected by the Drost and others. 1968; Grisak and others, 1977;

convntinalapprachforthe respective wells. Utilizing Palmet. 1993) can be used to determine whether water

thnen s oame lbrtu a eueaayia aapabiioaishreeyoechnged 
between' the aquifer and the well

7 Any unuscd water fr Om the PDB sampler and screeteentn

waterusedto deontainate cutting devices should be Once the sour ce of the difference ewe h

dispo sed in accordncetvi th local- slate, and Federal two methods is determined, a decision can be made

regulatdions. cranex 
regraidhng the well-specific utility of the PDB samplers.

Tests may show that VOC concentrations fo h

DETERMINING APPLICABILITY OF PASSIVE PDB samplers adequately represent local ambient

DIFFUSION BAG SAMPLERS AND conditions within thle screenecd ntcr'al despite the

INTERPRETATION OF DATA higther VOC concentration obtained fromt the conven-

When ttemtingto determine whether thc use urinal method This may be because the poumped

of PDB samplers is appropriate at a Particular well, a sample icroad at oninin higher condcen-

common approach is to do a side-by-side comparison tratilins either from oilier watert-bearin zoe, nue

witha cnvetionl smplng mtho duing he ame airn- inadeqtiate well seals or through fractured clay

sampling cnvent1 Thisampprahisg sltonysugtein (ebk arid others. 200()). from other wvatcr-bear-

wels hvin tepoal oncntrtin vriailiy.In ai tIng zonjes not directly adjacen otewl cena

've1l ha% mu relatively low temporal concetitrtiitof varn- reutofelprin ro osmln (VrbcalycskY and

abilit, comariso fthe PDBh.sai~p-jCr recsults 10 petkc~kich: 2000). or from mixine ofceial tai

hbiistorca concenraisons maorvd nug no- fe onsin te ic InIt of thle screened interval

mnation to determnine whether the PD.B sanlaplet s are (Vi oblesky n ees 20)-

appoprateforth wel. n gnerl.if both PDB arid The mnixjiri of aters fromt chemically stratified

conventional samlpling produce concentrations that zones adjacent to thI cenditrvldrn upn

aere wihina rngedeemned acceptable by local. probaqbly is one of the more important sources Of

tatge, aihnd Iedralnrgiatragnisadiethe 
paet di fttrences bectween the results obtained from'

site-specific data-cquahli y objectives,; then PDB PUB1 santp C trig n coent mional s-t opting beenause

samplr ma be aprovd for use in that well to mon11- sich strainficaltiont probably is common. vertical Staiat-

brt amnbient VOC concentratiofls. If concentrations fication of V0Cs over distances of afefethsbn

from the PDB sampler are higher than concentrations observ ed in aquifer sediments by using multilevel

from the conventional method, it is probable that sapIngdvcs(enadohr,19:Ptin

concetrat~tisfrom he PB sapler dequtelyothers. 1999). and considerable variation in hydraulic

represent ambient conditions because rheicuual isIcndciiysn vte hm strylhs ben obeserved in

greater potential for dilution fromt rmixing during an aquifer in Cape Cod, Massachuets On Smthe sale ofhr

,sampling tising conventional methods than during centimeters (Wolf and others. 1991;Sihadoer

sampling using PUB samplers lot, HNess and others. 1992). Multiple PDB samplers

sapifg however the onventina mtoproduIces have been used to show a change inl TCE concentration

conentatonser thatae significntinly higerhntho se of 1, 130 (pgiL over a 6-ft vertical screened interval in

cobcetratined nsin thet PDB sigiampler thenitgshnerthainthe Minnesota (Vroblesky and pettewich, 2000). Tests

whether the PDB-samipler concentrations represent uisintD] smlr in sceene tintervD3-alscotairlta

local ambient conditions. In this case, further testing VOC strmtificatioi, showed thttes PUB-samplerdat

can be done in determine wheither contaminaent stratifi- appeared to he poini-sPecific. whera ithea pumpobedl

cation and/or inira-borehole nowi~ is present Mtiltiplc sample tiniegiated waiter ovei a tagej itr~l \roiek

s~ampling devices can be used to determine the pres- and Peteis. 2000)

Determining AgpiI~abIIuy Of Passive Diffusion Bag samplers, and interpretation of Data 1



876 227

Thle decisioni onl whether to use PDB samplers in the wvell) is within the contaminated horizon, then thle

Such sittialitni depends onl the data-qluality objectives PDB samplers (or any standard sampling mcthoudol-

for the particular site. if thie goal is to determine and ogy) can underestimate or 1101 detect the contamina-

monitor hiherconce train ortoeamnecntm- tion. The reason is that, in this case, the contamiinated

niant stratification within thle screened interval, then horizon does not contribute water to the well tinder

thle PDB samplers may meet this objective. If thle goal static conditions. instead, water from otheti horizons

is to determ[inte thle average Concerntrations for thle with higher hydraulic head will invade the conitami-

enhire screened intervayl, thenr a plumped sample or an tinted horizon by way of the well screen. Under

average frm utriple diti usion sarmpici s ii fly tie pumtped conditions, thle maqjority of thle extracted water

appropriate, ~~~~~~~~will be from thle most permeable Interval, which muay

As an aid in the decisionl-mkng process. thle not be the contaminated zone Even wvhet pumping

loll kiwing section examines the influences that hydra-,_ indues inflow frotm the contaminated interval, Much

lie and chemical hecterogeneity of anl aquifer canl have of that inflow will be a reflection of thle residual

on sample qual'itly in, long-screenied wells Because invaded water from other horizons. in this situation,

VOC conccintrahlons fromt PDB atciaptes comm'lonul a, substantial] amount Of pUrging would be required

ar omaed to VOC concentrations foul oitiet before water representative ol tihe aquifer could be

stampnaylingcmetodologies, the second section examines obtained (Jones n enr 95.Sc apigi

the di fferoor's in sampleli quality between these mI'eth - not likely ito reflect a significant co ntribution from thre

odologies In s~tsIiitOtIS of hvdrantlic and chemical contaminated zone. aiidl ciiccnlr'tiolls in thle Conjint-.

hem elt ogenettyIV noted zone probably will be underestimated.
Suini tilly. if VOC-contarnuiiiited water is flow-

ing into thle well and is exiting the well at a different

Influences of Hydraulic and Chemical horizon, then \'OCs will be present along, thre screened

Heterogeneity ofl Sample Quality in initervazl between the two hot zooS, litthis case. VOC

Long Screeined Wells; conjcenraiior,, in hie. screened interval mayv he repine-

Samping iase andchemcal at iabilty ~ sentuative of aquifer coincentrations at the inflow

long-screened els, which cj~uan h Felooseliy dtie as hrznIu a not he representative Ofaqie

cInschaicngd weilgo i f ticant phtysc Inde 1sle mIicale Ishte concentrations near the out flow horizon.

iecnity wviihin the screened interval and in the adja- Ionce areatos wher verticialed ustainfmica e 0 PofO

cent aiqiti er (Reilly and Leblanc. 1998), have been the coenrtnsiatcptdungmlpePB
subectof ut i ois in atgalion. SIL eelof MI m- Samplers m)ay miore fully clharsim-tein Ze the eon yian

cal'aribilty ii sch ells include non-uniforml flow noted horizon Ithan using at sinlgle PUBsuiic.Ti

citaito 'vilst il Robins an% a i-ade 91 elt ins particulakrly true in wells haviing screens I1ft oI'(

ando ibls. I9o:bbiang and others.1-1995: ChrhI n longer, however, significant VOC stratification has

airanibo, 1993: Ceily land Ltersauc 1998). Ciholgch n been observed over intervals of less than 5 It fVr-oblesky

heterogeneity (Reilly and others. 1989: Robbins. 1989 and Peters. 2000). Becueo h nrae rbblt

NI oh1- I iydn an othrs. 991:Gibsand ther. tfvetiical concenltrationi or hydraulic grodietits within

(9)93: Reilly and Gins, 1993). and tn-well miaxing'. ihopnicraofnngscnel(etrtantf)
In awellopenaci ss acheicaly orhydruliclly wells, it is advisable to determine the zones of intlow

ieterogeite~ss o ne cis of thecauifel r. hdifraneulinal and Out flow wvaith i the screened Or open interval of

jthersanCl jogS mecthodologycanaproduce sigiff icans t) these wells using borehole flownreteir analysis (Hess.

,lifei etteesing mtheosdol iy cng res dults sgic19 82: 1984; 1986; 1990; Young anti others, 1998).

Long-screened wvells have the potential Ito Comparison of Passive Diffusion Sag

redistribute chemical constituentls usi the Iatjkiter Sampling Methodology to Cunventionalf

whet e there airc vertical hydra ilIc gradients w I ilnte Methodologies

scetected alinerval, Witter coil move into, thle weI cll ftotusuhis in

one horiztoim mid VAIL thle WCe[l atn Eliflereni hlorivorn Traditional sampling methodogis, uha h

(Ch inch and Granaos. 1996. Reilly and Lelllane 1998) purge-a nd-samrple (or Conventional purging met hod).

If there ts Vertical flow In tilie screened (I oplen inter- low-fluow or lowV-voIlume sampling, and usitg si addle

Vill, anld thle -zone of It'" hydraullic head louttlow froml packers and multilevel samplers, produce VOC

12 uco,'. G-ie in, Pniyeihviene-B3Sl-td Pa~ssive Dhlluslon Bag; Samplers to obtain volatile organic Compound

concentrationls in Wells-Pail I Deployment, Recovery. Data Interprtfoationl, ari Quality Control andAcrnr
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concentrations that may difl ci from \'OC Con1centra- sample methods. Thus, samples obtained by PDB

tions obtained from PDB samplers because the meth- samlplers are likely to be more similar to samples

odologies sometimes are influenced in difierent ways obtained by using low-flow purging than to those

by aquifer hydraulic and chemical heterogeneity. This obtained by using conventional purge-and-sample

section examines potential sources of concentration methods Even under low-flow conditions- however,

differences between traditional methodolo'gies and the puirging still can. integrate water within the radius of

PDB methodology, Pumping" inluenLce, potentially resulting in a deviation

The purge-and-samnple approach to ground-water from )VOC concentrations obtained by PDB sampling.

monitoring differs from the diffusion-sampler One investigation found that in low hydraulic condue-

approach primarily because the area of the screened or tivIty formactions. low-flow sampling methodology

open interval that contributes water to the putreed cauIsed excessive draw down. which dewatered the

sample typically is greater than for the PDB sampler, screened interval. increased local ground-water veloci-

adteptnIalfrmxn fsrtfe aesi ties, and caused unwanted colloid and soil transport

higher When pumping three or more casing volumes it h rudwtrsmls(ee n tes

of water prior to collecting a sample, C1Ctwrncal L~cl 7000). Thle authors suggest that in such cases, a more

irations in the discharging water typically change as the aportesplnehdlg a et olc

well is pumped (Keely and Boateng. 1987; Cohen and silug or p~assive sampe fatrom the well screen us ndeh

R~aboid. 191•8: manuin'-H-aydeii aide others. 1991; assumption thiat h ae nte elsresi

Robbins and Marttn-H-ayden. 1991: Reilly and Gilbs. eqibru wthhesronngaif.

1993: Barcelona and others. 1994; Mzuinin-Haydlen. lsolating a particular contributing, fractirie zone

9000). due to mixing, during pumping and other factors, with Straddle packers in an uincased borehole allows

such as the eremoval of staignant wkaite in thle casing and depth-discr ete samples to be collected from the target

changing patterns of inflow and ouitflow undter ambient full izon (Hsieh and others. 1993. Kamiosky and Wylie.

and pmpin conitios (Chrch nd Crniato. 9) 1iM95) S~triru'gminalv placedstraddle packers often canl

The induction of lateral chei-ical heterogeneity during minimnize or eliminate thle impact oC vertical gradients

pu~mping also may produce variations in) the sampled in the sampled interval]. However, even within a

concentrations The amount of mixing durnge purging packed inters atIsolating inflowing fracture zones,

canl be highly variable (Barber and Davis. 1987. dev~iations beiween VOC coniceitirati ons in water from

Church and CGranato. 1996; Reilly and LeBlane. 1998: PDB samplers and 'vaier sampled by conventional

Mat-tin-Hqyden 2000o). and may result in concentra- methods still mtay occur if the conlventional method

flons that are not locally representative (Reilly and nIixes chemnically strati fled water outside the borehole

(3ibs, 1993). Substantial vertical hydraulic gradients, oi if the packed inierx at straddles chemically heteroge-

even in shallow homogeneous aquifers, have been neous zones

observed to bias sampling using conventional purging The use of multilevel PDB samplers and other

because the majority of the pumped wvater may comle types of)mul]tilevel samplers (Ronen and others, 1987:

from a taarticular horizon not related to the cotitarni- Kaplan and others. 1991; Sehirmer and others. 1995;

nated zone and becatise the intra-well flow that iGefell and others, I1999; Jones and others, 1999) potell-

intruded the aiquifer may not be adequately removed tiallv canl delineate some of the chemical stratification

during purging (IHitchins and Acree, 2000). Thus, Diffusion sampling and other sampling methodologies.

differences may he observed between concentrations itowever. can be influenced by vertical hydraulic gradi-

obtained from a pumped sample and from a PDB8 ents within the wvell screen or the sand pack. When

sample in a chemically stratified interval if thle pumped vertical hydraulic gr adients are present within the well,

sample represents an integration ot water collected water contacting thle P1)8 sampler may not be trom a

froml Multiple horizons and the PDB1 sampler tepre- hor izon adjlacent to the PDB1 sampler. Rather, the water

sents water collected from a singple horizon, may represent a mixing of water from other contribul-

Lowv-fiow purging and sanipllng (Barcelona and ing intervals within the borehole. in a screened well.

others. 1994: ShanlMin and others. 1995) disturbs the even muldiileVel samplers wvitlt baffles to limit vertical

local ground water less than con' entioutal purge-and- flow\ In thle ~k ell cannot prevent influences from

Determining Applicability Of Passive Diftusion Bag samplers, and tinierpetation of Data 13
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vertical flow in the gravel pack outside the well Water used to construct the diffusion samplers

screen Suich vertical flow canl result from small should be analyzed to determine the presence ofbhack-

vertical differences in head with depth. A field test ground VOCS. Although many Vo~s accitcntolly

conducted by Church and Granato (1996) found that introduced into the diffusion-samnpler water probably

vertical head differences ranging fromt undetectable will reequilibrate with suirounding water once thie

to 0.49 It were sufficient to cause substantial flows diffusion samplers are deployed, somie VOCS mfay

tas mnuch as 0.5 liters/minule) fin the wveil bote become trapped within the diffmston-sampler water
For example, acetone, which is a common laboratory

contaminant, does not easilv move thrIough2 the poly-

QUALITY CONTROL AND ASSURANCE ethylene diffusion samplers (Paul Flare. General Elec-

tric Comlpanyv. oral commun.. 1999). Thus, acetone

* Thle sources of variability and bias introduced inadvertently introdued into the diffusion-samplie

durig smpl colecton an ffet th inerpetaion water during sampler construction tiay persist in the

of`tite results. To reduce data variability Caused during samplers, resulting in a false positive for acetone after

sampling, a series of-quality-control samples should sampler recovery and analysis.

be utilized.

Replicate samples are important for the quiality

control offdiffusion-sampler datla. Sample replicates SUMMARY

provide iniorinatioti needed to estiate thle precisionl WNatet-filled passive diffusion biag W DIA) sn

of cocentatton vaues etermned om te cobine 1)1cr5 descr ibed in it is repori are suaitable for obtaining

samrple-processing and analytical method and to at vatl ietv of vocs in, ground water at mionitoring wvells

eVa1luate tihe consistency of qualntifying target \'OCs. The sugggested application for P013 samplers is for

A replicate sample for water-filled dififus ion samplers 1 ott-teriii mohni trit of VOCS in' ground-watet wells

conlsists of two separate sets of voC v ials filled fromt at well-character ized sites Wherec the screened interval

lieI at ...C diffusion wn mp let. taeh so-t of V(-tC vi Isl is goi cae' than 10 ft. thre potenti I foi cent nnn as nt

shou0Lld be analyzecd for comparison. Approxi mate1ly stratification a nd/or intro-borehole flow wv thin thle

10 percent offthe samplers should be replicated, screened in~terval is greater than in screened Intervals

The length offthe PD B samnplIcr can be adjtisied shuiret than 10 ft -It is suggested th~at thle vertical di sin -

to accommodate thle data-qutality objectives Rn] thle buttion of comntainanits he detennined in %wells having

,sampling event. The length canl be increased if addi- 10-fl-long well screens, and that both thle vertical dis-

uiOnall voIlume is requir.-d fot collectiorl of replicate trbution ofcontminantns afnd thle potential Lot intra-

and matrix spike/matrix spike duplicate sam"ples, borehole flow be determnited inl wells having screens

Trip blanks ate uIsed to detem mine whiethbet extel- 1longe r titan 10 ft A typicalI PDB3 sampler consists ol a

nal VOCs are contaminating tilte sample due to bottle I- to 2-ft-long low-density polyethylene lay-flat tube

handlitig and/or anaflytical processes not associated closed at both ends and containing decionized water.

With field processing . Trip blanks are water-filled The sampler is positioned at the target horizon by

\'OA vials prepai ed offsite. stored and transported attachment to a weighted Inme or fixed pipe.

With thle othler bouttes used for collecting thie environ- I he amount ofrtime OIII- ti~ sa .. plers shoulnd be

mnental sample, and then submitted for analysts with tlel in the well prior to recovery depends oni thle time

thle environmental stlimple. Consideration also should required by the POD sampler to ecC~ilifibrate with

be given to thle collection of a predeployment VDB trip aitibicut waiter and the timle required for environmental

blank ito determine if the PI)B samplers are exposed to distttrhances caused by sampler deployment to return

extraneotis VOCs prior to deployment. Thle predeploy- to ambient conditions. The rate that water within the

ment trip blank should te a POD samiiplei that is stored PD)8 sampler equilibrates with aitbietit water depends

tiide transported with, thle field P DB samplers from thle onl multiple factors. incItiud in the type of comnpound

tme of samnpler constrctietnt to thle time of deploy- being sampled anti the water teniperatu e. Concent-

mtent ill th c etI An l iquot oftthe predeployo'"ni tritlions oftbenizene. cis- I .2-diehoioroethenec. ltel i-

blank water shoit Id be collected from the P1)B3 sampler ebhloret hene, trichloroethenei, toluense, nahtalee

in af VOA vial and stibiitted f-or ,analysis atl thle time of I .2.dlibroinnoethanle. andi total xvleoles withiti the PDB3

saimpler deploy mcii samplers equilibi ated will ithth concentrations in anl

14 U..,r. G,,ir fox Polyethytiene-Based Passive Diffusion Bag samapters to Obtain volatile Organ~ic comlpound

Concentrations in wells-Part I- Deployment. Recovery, Data interpretahlonl. and Qualiy Control endAs.mnC
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aqueous Mixture of those compounds surrounding the (SPMDs) have shown that the transfer of sonic

samplers under laboratory conditions within approxi- compounds across a heavily bioifouled polyethylene

niately 48 hours at 21 0C A subsequent laboratoiy membrane may be redIuLcd, but not stoppecd. If a heavy

study of mnixed VOCs at 10 0C showed that tetrachioro- organic coating is observed on a PDB sampler, it is

ethee ad trchiroetenewere equilibrated by about advisable to determine the integrity of the sample by

52 hours, hat other compounds required longer equila- coinpainig sampler results to a conventionlsmig

bration times. Chioroethane, cis-1I 2-dichloroetherie, method concentrations before continuing to use PDB

/, nts-I1.2-dichioroethefle, and 1.1 -dicliloroethene were samplers for long-term deployment in that well.

not equilibrated at 52 hours, but appeared to be equili- PDB methodology is suitable for a broad variety

Ibrated by the next sampling Point at 93 hours. Vinyl of VOCs. including chlor inaited aliphatic compounds

chloride. I-l,l.-trichloroethanre I -2-dichloroethane. and and petroleum hydrocarbons. The samplers, however,

l.1-diehloroethane were not equilibrated at 93 hours are not sujiable for inorganic ions and have a limited

batl Were equilibrated by the next sampling point at 1 66 applicabihivi for non-VOCS and for some VOCs. For

hours Different equilibration times may exist for other example. although imethyl-tert-butyl ether and acetone

compounds. Differences in equilibration times, ifiany. and mnost semuivotaiilcl cuiti1pLuaids arc transmitted

between single-solute or iniixed-VOC solutions hax e through thle polyethylene bag, laboralory tests have

not vet been thoroughly examinied, shown Thai thle resolling concentrations were lowver

The samplers should be left in place long enolugh hui ibct isTesllr sol o eue

fri he wll vate. cnianuantdisributon an o" t sample for phuthlaktes because of ihe potential for the
fil tie wll valr, ornrntian diti llaion an ll~ L UPE to conti ibute phthalates to thle water sample.

dynamics to restabdiLe followling sampler deploymlent.

Laboratoryv and field data suggest that 2 weeks of When attempline, to determine whether the use

equilibration prjobably is adequate for many applica- tfPBpe saporaea atclr~el

tions, Theribire. a minimum equilibration time of comunionl approach is ito do a side-by-side comparison

_2 weeks is sug~gested In less permeable formnationls. with a convefltiontu! 5-arnpitugielod This approach is

longerequilbratin tims [na be rquireWhen strongfly suggesNed itl %,ells hlaving tempera] concentra-

deployding PDB samrplers inl waters colder than 1-lon a uubli n aselhvn eaieylwtmo

previously tested (10 0(C) or for compounds w thouit raIcrnctjan'aribt I v. conpa risen of the PDB-

sufficient corrobotating data. a side-by-side Corlpari- samrptller ioslts to historical concentrations may pie-

son with, conventional methodology is advisable to <d nuhifraint eemn hte h

justifv the field eq uihibration time. IPD Bmupi are appropriate for thle wiell In genseral,
if, [Ile two appr~oachecs produce concentrations that

Following the initial equilibration period, thle aeree Nxi hinl a range deemned acceptable by thle local,

samplers mateinain equilibrium concentrations with the state, aend Federal regulatory agencies. then use of a

ambient Water until recovery Thus, there is no speci- PDB sampler in that well w:Nill provide VOC concentra-

fled maqximutm time for sampler recovery after initial tions consistent wkith the historical record. Ifconcentra-

equilibr-tion PIDB samplers have routinely been left in tmrig fran, the PDB3 samplier are higher than concentra-

ground waters having concentrations of greater than tions front the conventional method, then it is probable

500 ppmn of TCE for 3 months at a time with no loss of that the concentrations from the PDB sampler are an

h~ig iniegrity. and at one site, the PDI3 sanpleis were adequate representation of ambient conditions. If. hew-

left in place in VOC-contamninated ground water for ever, the conventional method produces concentrations

I year with no reported loss of samnpler integrity. thai are substantially higher than the concentrations

The effects of long-term (greater than I month) PDB- found by usingQ the PDB sampler. then thre PDB sam-

sampler deplcyment on sampler and sample integrity pilet may at mayi not adequately represent local ambi-

have not yet been thoroughly tested for a broad range ctodion.In this case, the difference mnay be due

ofcomnpoIunds and concentrations. In some environ- to a %variety of factors. including mixing or transloca-

mnents. development of a bleftlm on the polyethlvene iten dtie to hydraulic and chemical heterogeneity ofithe

mauy he a consequence of long-term[i deployment aq ji her Wi [hip1 the screened or open interval of the well

Investigatioens of scm"permecable membrane dcm ices and the relative permeability offthe well Screen.

Summnary 15
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