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SECTION 1.0

procedures to be used to accomplish the Installation Restoration Program (IRP)

Remedial Investigation (RI) of Air Force Plant 59 (AFP 59). This investigation is part

of a larger program, the IRP, which is designed to evaluate potential hazardous waste
contamination at U.S. Air Force (USAF) facilities. This Quality Assurance Project Plan (QAPP)
was prepared in accordance with the "Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans" (USEPA, 1983) and with guidelines provided in the
"Handbook for the Installation Restoration Program (IRP) Remedial Investigations and
Feasibility Studies (RI/FS)" (USAF, 1993).

T his document describes the Quality Assurance (QA) and Quality Control (QC)

1.1 Introduction

The QAPP outlines the procedures, protocols, QC criteria, and overall investigation strategy to
be used by Earth Tech and its subcontractors during the RI of AFP 59 in Johnson City, New
York. Laboratory methodologies, instrument calibration, and chain-of-custody (COC)
procedures are discussed in Section 1.0, while Section 2.0, Field Sampling Plan (FSP), describes
the field program.

1.1.1 The U.S. Air Force Installation Restoration Program

The USAF is conducting the activities described in this QAPP and the associated Work Plan as
part of the larger IRP. The history of the IRP is discussed in detail in Section 1.1 of the Work
Plan.

1.1.2 Purpose and Scope

The QAPP for the investigation of AFP 59 identifies the policies, organization, objectives,
functional activities, and specific QA and QC activities undertaken by Earth Tech (The Earth
Technology Corporation) and its subcontractors to ensure the validity of analytical data generated
during the course of the investigation. The purpose of the program is to ensure that all technical
data generated for AFP 59 are accurate, representative, and will withstand judicial scrutiny.

The QAPP also contains specific guidelines for the acquisition and documentation of laboratory
data generated as a result of field work performed and described more completely in the FSP.
The QAPP supplements the Work Plan to produce an effective control program that provides

© oass) I-1




nrlpnnatp ﬂnnﬁdennn that collected data are unlad’ have i ultcsl.u_y, and are preserv ed and

retrievable. Data are valid when they conform to the basic requirements of a study; they have
integrity when they are obtained correctly by using technically sound methods and practices; they
are preserved when they are protected against loss and physical damage or destruction; and they
are retrievable when they can be readily obtained as needed from where they are located.

Throughout this project, QC will involve a system of checks on field and laboratory procedures
(through the use of data collection, documentation, field blanks, duplicates, documentation of
all sample movement, COC records, etc.) to provide supporting information on the quality of

the methods employed and the analytical data. QA will provide supervisory checking to certify-

that the QC procedures have been properly implemented to produce accurate data. All QA/QC

procedures will be in accordance with applicable professional technical standards, U.S.
Environmental Protection Agency (USEPA) requirements, government regulations and
guidelines, and specific USAF project goals and requirements outlined in the "Handbook for the

Installation Restoration Program (IRP) Remedial Investigations and Feasibility Studies (RI/ES),"
(The Handbook) (USAF, 1993). This QAPP has been prepared in accordance with all USEPA

AT T )

and Air Force Center for Environmental Excellence (AFCEE) QAPP guidelines.
1.2  Project Description

The site history and previous IRP investig gations are summarized below. Additionally, the

project scope and Ob_]CCthCS are discussed, d subcontractors to be used to meet the objectives
are identified.

1.2.1 Project Background

AFP 59 is located in the Village of Johnson City, Broome County, New York, about 3 miles
. west of the Central Business District of the City of Binghamton and about 4 miles east of the
center of the Village of Endicott (see Figure 1-1). The plant was designed and built in 1942 by
PLANCOR, the (former) Defense Plant Corporation. The original building occupied 621,500
square feet of floor space and has remained essentially unchanged. The total land area of AFP

59 is 29.6 acres. o

AFP 59 is a government-owned, contractor-operated facility. Remington Rand, Inc. was the
first manufacturer to occupy the plant. Remington Rand manufactured aluminum aircraft
propellers at the plant from 1942 to 1945. The plant closed at the end of World War IT and
remained idle until April 1949, when it was reopened as an aircraft controls manufacturing
facility. General Electric (GE) Aecrospace was contracted to operate the facility and the
manufacturing process. The major process at that time was the manufacture of parts for electro-
mechanical aircraft control systems. Plant activity peaked in 1967 at the height of the Vietnam
War. During the 1970s, technological advances in electronic control systems caused a
decreasing demand for electro-mechanical control systems, resulting in a decline in machine shop
activity.
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In April 1993, Martin Marietta Aircraft Controis acquired GE Aerospace and took over the
operation of the facility and the manufacturing activities. Martin Marietta currently
manufactures flight control, laser, weapons control, internal navigation, and guidance systems
at AFP 59. These systems are used in various military aircraft including the F-18, F-15, F-111,
and B-1. Control systems for Boeing 757 and 767 commercial jets also are manufactured at the
plant. Currently, manufacturing at AFP 59 operates on a two-shift schedule, employing
approximately 1,100 people.

The USAF initiated an IRP investigation at AFP 59 in March 1984. Phase I (Records Search)
and Phase II (Confirmation/Quantification) studies have been conducted. Studies of areas of
concern have also been conducted in coordination with the New York State Department of
Environmental Conservation (NYSDEC) to achieve closure of these areas. Locations of the
areas of concern as well as specific sites identified in the AFP 59 Management Action Plan are
shown in Figure 1-2. Additionally, offsite investigations of potential sources of contamination
contributing to the municipal water supply contamination have been conducted by the NYSDEC.
A summary of the activities completed during these studies is provided in Table 1-1 and in
Sections 1.2.2.1 and 1.2.2.2 of the Work Plan.

1.2.2 Project Scope and Objectives
Project objectives for the AFP 59 RI have been identified and are presented below.
* Identify potential onsite sources of soil and/or groundwater contamination.

° Define the nature and extent of onsite groundwater contamination in the
shallow and deep zones of the aquifer.

] Define the nature and extent of soil contamination.
] Define background concentrations of both metals and organics in soil, sediment,
surface water, and groundwater to determine potential contributions of upgradient

sources of contamination.

L Identify migration pathways, including the degree of interconnection between the
shallow and deep zones of the aquifer.

L Determine the relationship of any identified contamination at AFP 59 to
contamination at municipal wells.

L Refine the conceptual site model, including source identification, contaminant
migration, and evaluation of remedial alternatives.

L4 Complete a baseline risk assessment.

0466.51 1 '5
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IRP Phase 1
Records Search
{(CH2M Hill, 1984)

Compilation of information on
hazardous materials use and
disposal practices. Identification of
problems associated with these
practices.

Two sites were identified: (1) the
underground waste oil tanks (Site 1) and (2)
the drum storage area (Site 2).

IRP Phase 1l, Stage 1
Confirmation/Quantification Study
(Fred C. Hart Associates, Inc.,
1988)

Drilling and sampling of three
shallow borings south of the plating
room. Installation of three shallow
monitoring wells.

(1) Detection of chlorinated compounds in
groundwater from the onsite production well
and SW3.

(2) Total chromium was detected in all soil
samples, ranging in concentration from 5.43
mg/kg to 67.4 mg/kg.

(3) Recommended additional studies.

IRP Phase II, Stage 2
Confirmation/Quantification Study
Supplemental Site Inspection
(Argonne National Laboratory,
1994)

Drilling and sampling of an
additional 14 monitoring wells.
Groundwater sampling of existing
monitoring wells SW1 and SW3 as
well as Johnson City municipal well
#1 and the onsite production well.
Drilling and sampling of six soil
borings and collection of 18 hand
auger samples. Three surface water
and sediment samples collected
from Little Choconut Creek and
water samples from outfalls 00i and
002,

(1) Identification of six sites containing
possible contamination including former
waste oil tanks, the plating building, a WWII
oil/water separator location, a settling pond
area, a JP-4 fluid storage and piping area,
and the location of a former gasoline storage
tank.

(2) Detection of chlorinated compounds in
groundwater, surface water, and soil
samples.

(3) Elevated concentrations of metals near the
plating building. Chromium was detected at
446 mgl/kg in a hand auger soil sample
located directly south of the plating building.

Settling Tank/Spent Plating
Storage Tank Soil Study
{Marcor, 1991)

Two soil borings were drilled and
sampled adjacent to the settling tank
and spent plating storage tank.

Results indicated the presence of metals and
tetrachloroethene below TCLP regulatory
levels.

Serling Tank/Spent Plating
Storage Tank Soil Study (OHM
Remediation Services Corp.,
1992)

Three soil samples were collected in
Pits #1, 2, and 3 to the west, south,
and east of the spent plating storage
tank. Chip samples were also
collected in both settling/spent
plating storage tanks.

Metals which were above New York State
recommended soil cleanup levels in the three
soil samples were chromium, lead,
manganese, nickel, and zinc. Chromium had
a maximum detection of 265 mg/kg in the
soil sample south of the storage tank; lead,
nickel, and zinc also had the maximum
detections at this location with concentrations
of 99.0, 68.8 and 53.8 mg/kg, respectively.
No metals were found above the TCLP limit.

Plating Room Soil Investigation
(OHM Remediation Services
Corp., 1993b)

Twenty-two soil samples were
collected and analyzed from beneath
the plating room floor.

The presence of several metals, TCE, and
acetone were detected in 50il samples from
the plating room. The highest metals
concentrations were detected on the east side
of the middle section of the plating room.
Additional sampling was recommended.
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Continued

Settling Tank/Spent Plating
Storage Tank Soil Study
(OHM Remediation Services
Corp., 1993a)

Four soil samples were collected
and analyzed adjacent to the east
and west sides of the settling/spent
plating storage tanks.

Acetone, methyiene chloride, and TCE were
detected in the soil; all detections were below
NYSDEC cleanup levels.

Plating Room and Settling
Tank/Spent Plating Storage Tank
Study (OHM Remediation
Services Corp., 1994)

Three chip samples from the
settling tank and three soil samples
from the plating room were
collected. The soil samples were
collected from points to the north,
east, and west of location 007 that
previously had high detections of
metals.

Acetone, methylene chloride, and/or TCE
were detected in all three soil samples; all
detections were below NYSDEC cleanup
levels. Barium, cadmium, and chromium
were also detected in the three soil samples,
with the highest detections at concentrations
of 0.684, 0.015, and 130 wmglL,
respectively. TCE was detected in all three
chip samples from the settling tank at 1.27,

8.38, and 0.137 mg/L.

0466TBL. 11
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e Meet the requirements of Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) 120(h) to allow transfer of the
property.

Data gaps have been identified based on a review of the existing conceptual site model and are

auuuua.l.l.z.ﬁd in SE{:{'OH 2. 6 Cf the Work Plan. In Ordnf to 'F'" fhpep data gaps nnrl meet ﬂ"p

project objectives, the planned field activities employ a variety of techniques and methods, as
shown in Table 1-2.

Earth Tech will conduct the field investigation using a phased approach in order to efficiently

Arha +a tha ot The firct nhaca
characterize the site. The first phase of the investigation, a reconnaissance survey of AFP 59,

will consist of: a geophysical clearance survey; soil and groundwater sampling; onsite analyses
for screening; offsite analyses for site characterization; water level measurements in existing
monitoring wells; and groundwater quality screening at selected existing monitoring wells. A
geophysical survey will be conducted to locate subsurface utilities prior to sampling. Soil and

grﬂuﬂdwatef oorﬂples wi" kn Cn"nnfnr‘ usmg a rhmr-l- ?u(‘l’} curnnhng h:-ﬁhniqnp 'jﬂl‘ analuvpr‘ at

an onsite mobile laboratory for volatile organic compounds (VOCs). The screening data will
be used to locate potential source areas and delineate areas of contamination. The grid spacing
for sampling can be modified as the field program progresses to provide more detailed
information in any areas where contamination is identified. Selected soil samples will also be
sent offsite for analysis at a fixed laboratory to provide data for site characterization, including
definition of background. Groundwater samples from existing monitoring wells will also be
analyzed onsite during the first phase to obtain screening data on the existing nature of
contamination. A synoptic round of water level measurements will be obtained to generate a
potentiometric map and determine groundwater flow directions.

The data collected during the reconnaissance survey will be analyzed to determine optimal
locations to install monitoring wells and obtain additional soil and groundwater samples.
Groundwater monitoring wells will be installed during the second phase of the field prograr to
define the extent of contamination, provide reproducible sampling locations, and define the
subsurface hvdrngpn\nny Mnmtm-mg well clusters consisting of a shallow well screened in the

Avas/iniissazal

outwash deposits and a deep well screened in the ice- contact deposits will be installed.
Additionally, where fine-grained lakebed deposits separate the two units an intermediate depth
well will be installed. Soil samples will be collected during drilling to observe the subsurface
lithology and for chemical analysis. Soil samples will be analyzed for VOCs, semi-volatile

nrgamr' rnmnmmdc (QV(]("Q\ npchmr'lpqlnn'lvrhlr\nnntnd h1nh9nvlq ('P(‘RQ\ metals. and percent
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total organic carbon (TOC). Exlsung wells and all newly msta]led momtonng wells w1ll be
sampled and analyzed for VOCs, SVOCs, pesticides/PCBs, metals, and hardness. A synoptic
round of water level measurements will be obtained from all onsite wells. An aquifer pump test
will be conducted to determine the degree of interconnection between the upper and lower zones
of the aquifer.

Sediment and surface water samples will be collected from Little Choconut Creek to determine

the impact of installation activities on the creek. Samples will be analyzed for VOCs, SVQOCs,
pesticides/PCBs, and metals. Additionally, surface water samples will be analyzed for hardness,

0466.S1 1-11




Groundwater

Collect 33 direct push groundwater
samples for onsite VOC analysis.

Drill and install 4 monitoring well
clusters (1 deep, 1 shallow, and
potentially 1 intermediate at each
location}.

Collect groundwater samples from select
existing monitoring wells and screen for
VOCs.

Collect groundwater samples from all new
and existing monitoring wells. Analyze
for VOCs, SVOCs, pesticides/PCBs,
metals, and hardness.

Obtain a synoptic round of water level
measurements.

Obtain a synoptic round of water level
measnrements. Conduct an aquifer pump
test. ’

Soil

Collect soil samples from approximately
32 direct push sample locations for onsite
VOC analysis.

Collect 3 soil samples from each
monitoring well location and 12 soil
borings and send to a fixed laboratory to
be analyzed for VOCs, SVOCs,
pesticides/PCBs, metals, and percent
TOC.

Analyze select soil samples from the
direct push sampling at an offsite
laboratory for metals and VOCs.

Surface Water

None.

Collect 5 surface water samples from
Little Choconut Creek. Analyze for
VOCs, SVOCs, pesticides/PCBs, metals,
and hardness.

Sediment

None.

Collect 5 sediment samples from Little
Choconut Creek. Analyze for VOCs,
SVOCs, pesticides/PCBs, metals, and
percent TOC,

O466TBL.1-2
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and sediment samples will be analyzed for percent TOC. A Fish and Wildlife Impact Analysis
(NYSDEC, 1991) will be conducted through at least Step IIB.

1.2.3 Subcontractors

The services of four subcontractors will be retained to complete the tasks required for the
investigation. The subcontractors and their respective responsibilities are provided below.

1. Direct Push Soil and Groundwater Sampling:

Target Environmental Services Inc.
9180 Rumsey Road

Columbia, MD 21045

Telephone: (41Q) 992-6622

Fax: (410) 992-0347

Target Environmental Services Inc. will collect all direct push soil and
groundwater samples, and will perform all onsite analytical services. Target will
provide necessary sample containers, including prepreserved VOA vials and non-
reactive plastic (acetate) soil liners for the onsite laboratory.

4 T o B 0 G N &y W

2. Laboratory:

CompuChem Environmental Corporation
3306 Chapel Hill/Nelson Hwy.

Research Triangle Park, NC 27709
Telephone: (800) 833-5097

Fax: (919) 406-1686

CompuChem will provide sample bottles, trip blanks, COC forms and seals,
preservatives, American Society of Testing and Materials (ASTM) Type II water,
analytical services, laboratory QA reports, and IRPIMS deliverables.

U
o
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Parratt-Wolff
Fisher Road
East Syracuse, NY 13057
Telephone: (800) 782-7260

The driller will provide all necessary equipment and personnel to collect
subsurface soil samples, and install and develop monitoring wells.

0466.51 1“13
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Purdy Surveying
317  Front Street
Vestal, NY 13850

TvlupuGﬂe \6\1 l) 748-7379

A certified 1and surveyor will survey all soil boring, surface water, sediment, and
newly installed monitoring well locations.
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Northeast Environmental Services, Inc.
RR3, Box 8B, Marguerite Drive
Canastota, NY 13032

'Tplpphnnp (31 5) 697-30749
Northeast Environmental Services will characterize and dispose of. all
investigation-derived waste in accordance with all applicable regulations.

13 oject Organization and Res

An interdisciplinary project team has been selected to provide the specific technical management
capabilities and qualifications required by the RI. The following is a list of key personnel by
title.

Program Manager Robert A. Colonna (703) 549-8728
Program Health and Safety Manager Glen Barrett (703) 549-8728
Program QA Manager Doug Hazelwood (703) 549-8728
Project Manager Reid Wellensick (703) 549-8728
Laboratory Quality Assurance Officer Linda Fowler (919) 406-1600
Labomtory PrOJect Manager Stephanie Winfield (919) 406-2456

1.3.1 Project Responsibility

The responsibilities and authorities of key Earth Tech and CompuChem project personnel are
discussed in the following sections and are identified in Figures 1-3 and 1-4, respectively.

1.3.1.1 Earth Tech Project Personnel

Program Manager. The Program Manager is Robert A. Colonna, who is responsible for
overall direction, coordination, technical consistency, and rev1ew of the entire contract. His
responsibilities include:

1. Final approval and review of work plans, all project deliverables, schedules,
contract changes, and personnel allocations for each task;

0466.51 1-14
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U.S. Air Force
Aeronautical Systems Center

Ramedial Program Manager
George Walters

U.S. Air Force
AFCEE Regulatory
Restoration Team Chlef Agenciles

John McCown

EARTHTECH
Program Manager
Robert Colonna
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President and CEO
. Keas Verkerk
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| Mark Ross — Communications
Melody Enscore

Radlological Lab I_
Dree A/iHiames

' I GC/MS
Volatiles

Susan Bass

GC Lab
Doug McCormack

GC/MS SVs

Vice President
General Manager

— Chip Mann
Technlcal I
s |
Review

Anh Chan

| Phase Il & Receiving
Ann Flaherty

LS

Sample Custody/

— Recelving
Terry Evans

EAnru@f:eu FIGURE 1-4

CompuChem Organizational Chart

l
Pl
v

'
'
l

AFP 59/ComouChem

1-17




’!—\' . i

-l N ean I E an "™

Al o9 WUE =N N

. a8 W

2 Guiding the resolution of problems of particular difficulty that may arise on each
task;

3 Approving project deliverables, budgets, and tasks; and

4 Facilitati ung coordination a among management, field teams, and support PeIis onnel
to ensure consistent performance.

In order to fulfill his specified responsibilities, the Program Manager has the authority to:

1. Select project personnel and guaraniee their availability for the duration of the
project;

2. Alter personnel assignments if necessary to meet project objectives;

3 Requlfe interactions (e. g., p&er review of technical deliverables) among work

element supervisors to ensure consistency of work products; and

4, Communicate, as necessary, with the USAF/AFCEE Restoration Team Chief
(RTC) and/or ASC Remedial Program Manager (RPM) to evaluate the progress

ha aavrly sacnlntine Af anu nntantia

AF tha meacenm and ¢a ancira & whla
UL LT Plusldjll dliu WV CLHDULL UV all LCOUVIULIVIL U1 MJ PULUI.ILI(LI Plvul\“llo

Program Health and Safety Manager. Glen Barrett is designated as the Program Health and

' Safety Manager. He will be responsible for the personal safety of all site personnel through the

preparation of a Project Health and Safety Plan detailing required safety standard operating

prncedures (SﬁDc) A Site Health and Qnﬁahy Officer will monitor the lnhphng chinnine  and

prarin, Giiv

control of hazardous or potentially hazardous samples, brief field personnel on health and safety
requirements, and ensure that all personnel and subcontractors adhere to the contents of the
Health and Safety Plan.

Program Quality Assurance Manager. Doug Hazelwood is designated as the Program QA

Manager. His responsibilities include providing unbiased monitoring of the QC procedures of
the project team, ensuring adequate documentation of QC procedures, and guaranteeing that all
QC problems are handled in an expeditious and conscientious manner.

'D
3
1

Project Manager. The Project Manager is Reid Wellensiek. She will be responsible for

effective day-to-day management of all operations. As the Project Manager, her responsibilities
include:

1. Review and approval of sampling procedures and QA plans, including monitoring
site locations, chemical analysis parameters, geophysical techniques, schedules,

and personnel assignments;

2. Preparation of progress reports with the assistance of key support personnel;

(7%

Management of all funds for labor and materials procurement;
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3. Direct communication and liaison with the AFCEE RTC and ASC RPM;
6. Technical leadership and technical review of all task deliverables; and
7. Communication of work progress to the Program Manager.

In order to supervise the day-to-day operations of the project, the Project Manager has the
authority to:

1. Allocate budgets among the work elements required for the project;

2, Approve or disapprove any labor, material, or subcontractor charges to the
project;

3. Establish and enforce work element milestones to ensure timely completion of
project tasks;

4. Approve or disapprove elements of any technical deliverable for each work

element: and

awiiiviaawy faaina

5.  Communicate as necessary with the USAF/AFCEE RTC and ASC RPM with
regard to day-to-day progress of the project.

Project QA Coo ator. Judv Solomon is fhr- Proiect QA Coordinator for thic invectioatinn
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She is pnmanly respons1b1e for directing the laboratory actlvmes described in the QAPP. Her
responsibilities include: keeping the Project Manager fully informed of laboratory and field
activities as it pertains to sampling; being the liaison between the laboratory Project Manager
and the Earth Tech Project Manager; and overall management of the laboratory data. She will

also nrmnde required input to technical and QA renorts and ather nraiect documents

S SRRV 25 TR SVRARANES Qe TR AVpUALD Qe Uidvia paVjiact sV uRaiwRi D,

1.3.1.2 Laboratory Project Personnel

Laboratory QA Officer. Linda Fowler will be the QA Officer for CompuChem Environmental
Corporation. In this capacity, she will have responsibility for monitoring the quality of the

laboratory’s work and taking appropriate actions to ensure that quality standards are being met,
including stopping the release of data which are of suspect quality. Under her direction, her
staff is responsibie for the following specific functions.

(=%

° Establishing QC procedures, providing control samples, and setting warning an
control limits for every test.

Monitoring compliance with the Iaboratory’s QA/QC plan including:

- reviewing QC-related activities and documentation and completeness;

T
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- identifying data that does not meet QC objectives and ensuring that the
QC problem is resolved; and

- ensuring that suspect data are not included in the laboratory results.

Laboratory Project Manager. Stephanie Winfield has been designated as the Laboratory
Project Manager. She will be in charge of all technical laboratory operations for the AFP 59
project, which includes sample control, inorganic analysis, organic analysis, data management,
and QA/QC. In addition, she will direct the activity of the personnel in each operational section
through the supervisors, to ensure the QC procedures are being performed and any out-of-control
situations or discrepancies are remedied properly and promptly. Her responsibilities include
serving as the laboratory point-of-contact for exchange of QC information and approving the
release of QA/QC information, such as:

L the laboratory QC plan and any changes to it;

° corrective action plans;

] client notifications of out-of-control events; and

. the final QC report (in conjunction with the QA Officer).
1.4  Quality Assurance Objectives for Measurement Data

Data needs for the project include both screening measurements and data of sufficient quality
to be used for site characterization. QA objectives are established for these measurement data
and address the following data characteristics:  accuracy, precision, completeness,
representativeness, and comparability. Goals for the data quality objectives are also provided
below. :

1.4.1 Definition of Criteria

All measurements and analyses required at AFP 59 will be completed in a manner which ensures
that they are scientifically accurate, legally valid, and comparable in quality and type with the
data from previous studies. To help achieve these objectives, standards for data quality
characteristics will be established that ensure a consistently high degree of analytical reliability.
These data quality characteristics consist of accuracy, precision, completeness, representa-
tiveness, and comparability.

Accuracy. Accuracy is the degree of agreement of a measurement or average of measurements
with an accepted reference or "true" value and is a measure of bias in the system. For this
project, accuracy of the measurement data shall be assessed and controlled. Results for the
laboratory or method blank, laboratory control sample (LCS), and surrogate spikes shall be the
primary indicators of accuracy. These results shall be used to control accuracy within acceptable
limits by requiring that they meet specific criteria. As spikes and surrogates are analyzed, target

concentrations versus found concentrations shall be assessed by the calculation of percent

0466.51 1 '2 1




recoveries, as stipulated in the SW846 methods. Percent recoveries are calculated by'the
following equation:

Concentration in Spiked Aliguat - Concentration in Unspiked Aliquot

x 100
Concentration of Spike Added

Percers Recovery =

Precision. Precision is a measure of mutual agreement among individual measurements of the
same property under prescribed similar conditions. It is independent of the error (accuracy) of
the analyses and reflects only the degree to which the measurements agree with one another, not
the degree to which they agree with the "true” value for the parameter measured. Precision of
the measurement data for this project shall be based upon matrix spike (MS)/MS duplicate
(MSD) analyses (replicability), LCS analyses (repeatability), and results for replicate/duplicate
field samples (sampling replicability).

Discretely sampled field replicates/duplicates are useful in determining sampling variability.
However, greater than expected differences between replicates may occur because of
inhomogeneity in the sample material. In these instances a visual examination of the sample
material shall be performed in order to document the reason for the difference. Field sample
duplicates/replicates shall be used as a QC measure to monitor precision relative to sample
collection activities.

Analytical precision shall be evaluated by calculating the percent relative standard deviation (%
RSD) of an in control LCS as defined in Section 5, Chapter 1 of SW846, Revision 2, May 1991.
The analyst or his supervisor must investigate the cause of data outside stated acceptance limits.
Follow-up action includes recalibration, reanalysis of QC samples if justified, sample reanalysis,
or flagging the data as suspect if problems cannot be resolved. The following equation shall be
used in precision calculations for spikes:

_ _ISR-SDR_ oo
(SR + SDR) 05
Where: RPD = Relative Percent Difference
SR = Spike Recovery
SDR = Spike Duplicate Recovery.

For duplicate/replicate analyses precision will be calculated as follows:

Rpp - Rep 1 -~ Rep 2l
0.5 (Rep 1 + Rep 2)
Where: RPD = Relative Percent Difference
REP]1 = Concentration in Sample
REP2 = Concentration in Replicate/Duplicate.

0466.51 1-22
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The vertical bars indicate the absolute value of the difference; therefore RPD is always
expressed as a positive value.

Completeness. Completeness is a measure of the amount of valid data obtained from a
measurement system compared to the amount expected under correct normal conditions. To
maximize completeness of laboratory analyses, it is essential to have a sufficient quantity of each
sample to provide for original and repeat analyses should the original analysis fail to meet
acceptance criteria. Completeness is a measure of the extent to which the database resulting from
a measurement effort fulfills data usage objectives. For this program, completeness shall be
defined as the valid data versus the number of the total analyses requested, expressed as a
percent.

Valid data are defined as those where the sample arrived at the laboratory intact, properly
preserved, in sufficient quantity to perform the requested analyses, and accompanied by a

completed COC. Furthermore, the sample must be analyzed within the specified holding time
and in such a manner that analytical QC acceptance criteria are met. The following equatlon
shall be used to calculate completeness:

c-1008

D
Where: C = Percent completeness
\% = Number of valid data

T Total number requested.

Completeness for the entire project also involves completeness of field and laboratory
documentation, whether all samples and analyses specified in the Statement of Work have been
processed and the procedures specified in this document and laboratory SOPs have been
implemented.

Representativeness. Representativeness expresses the degree to which data accurately and
precisely represent a characteristic of a population, parameter variations at a sampling point, a
process condition, or an environmental condition.

Field replication and field duplication are also used to assess representativeness. Two or more
samples which are collected at the same location and at the same time, are considered to be
equally representative of this condition, at a given point in space and time. To maximize
representativeness of results, sampling techniques, sample size, and sample locations shall be
carefully chosen so they provide laboratory samples representative of the site and the specific
area. Properly installed monitoring wells ensure that the groundwater being sampled originates
from the aquifer of concern. Care must be taken to ensure proper stabilization of measured
water parameters, clarity, and color before groundwater samples are taken. Precautions must
be taken, such as not operating combustion engines near a well during sampling, so that
introduction of extraneous compounds does not threaten the representativeness of the samples.

0466.51 1-23
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Soil samples are even less homogeneous than groundwater samples, and thus it is important for

the sampler and analyst to exercise good judgment when removing a sample. Samples cxhlbxtmg
obvious stratification or lithologic changes should not be used as duplicates/replicates. Within
the laboratory, precautions are taken to extract from the sample container an aliquot

representative of the whole sample. For samples requiring volatile analysis, premlxmg or

1A ha Lant ¢
homogenizing should be kept to a minimum.

Comparability. Comparability expresses the confidence with which one data set can be
compared to another data set measuring the same property. Comparability is ensured through
the use of established and approved sample collection techniques and analytical methods,

3 + oA
consistency in the basis of analysis {(wet weight, volume etc.), consistency in reporting units, and

analysis of standard reference materials.

Data comparability shall be achieved by using standard units of measure. Standard units of
measure for water samples are mg/L for metals and inorganics, and ug/L for organics

orra orrn e
Standard units of measure for soil samples are milligrams per kilograms (mg/kg) (dry weight)

for both inorganics and organics.

The use of standard methods to collect and analyze samples (in this case ASTM and SW846
methods), along with instruments ca]ibrated against National Institute for Standards and

Tprhnn]ncv (NIST) traceahle standar chsl aleo ensure comnarability
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Comparability also depends on the other data quality characteristics. Only when data are judged
to be representative of the environmental conditions, and when precision and accuracy are
known, can data sets be compared with confidence. .

1.4.2 Goals

Project data quality objectives for the various measurement parameters associated with site
characterization efforts are not quantifiable for representativeness and comparability. Subjective
factors to be taken into account are as follows:

° Degree of homogeneity of a site;

° Degree of homogeneity of a sample taken from one point in a site; and

] Available information on which a sampling plan is based.

Sampling precision shall be determined by the use of field replicates/duplicates, which shall
number 10 percent of the original sample number. The RPD target value for field
replicates/duplicates is based on the matrix of the sample. For soil and sediment samples, the
target value for the RPD between the field replicate and the original sample is 40 percent.
Failure to meet this target may be a reflection on the degree of inhomogeneity between the two
soil samples and, therefore, resampling may not be required. For water samples, the target
value for the RPD between the field duplicate and the original sample is 30 percent. It is
expected that the degree of homogeneity between the duplicate and the original sampie may. not
be a factor if the target value is exceeded, since water samples are more homogeneous than soil
samples.
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For the project as a whole the target value for completeness is 100 percent. A completeness
value of 90 percent, however, shall be considered acceptable. Failure to achieve this goal may
necessitate resampling and reanalysis.

Accuracy acceptance limits shall be based upon SW846 protocols and previously established
laboratory capabilities for the control analytes using control chart techniques. In this approach,
the control limits reflect the minimum and maximum recoveries expected for individual
measurements for an in-control system. Recoveries outside the established limits indicate some
assignable cause, other than normal measurement error, and the possible need for corrective
action. Corrective actions that may be employed if QC problems cannot be resolved include:
(1) recalibration of the instrument; (2) reanalysis of the QC sample; (3) reanalysis of the samples
in the batch; or (4) flagging the data as suspect. For mghly—contammated samples, recovery of
surrogates may depend on sample dilution.

1.5  Sampling Procedures

References for the field sampling procedures to be performed during the investigation are
provided below.

1.5.1 Sampling Protocols

Detailed sampling protocols for sample collection, transport, and storage are given in Sections
2.1 and 2.2 of the FSP.

1.5.2 Sample Handling

Sample containers, sample volumes, preservation requirements, and holding times for each
sample matrix and analytical method are presented in Table 1-3 for physical parameters. Tables
1-4, 1-5, 1-6, and 1-7 present the same information for laboratory-determined chemical
parameters for each matrix to be sampled.

1.6 Sample Custody

LUS(OUY OI samples w1u DB Lonsmnuy mamtaineu uurmg [IlC lIlVGbllgd.l.lUD samplc CUSEO(I)’
procedures both in the field and at the laboratory are described below,

1.6.1 Field Operations

Section 2.2.3 of the FSP provides the procedures and forms for establishing sample custody in
the field.

1.6.2 Laboratory Operations
Upon receipt at the laboratory, samples are unpacked, checked against the COC form, and

inspected by the sample custodian for breakage, leakage, temperature control (for chilled or
ambient temperature samples), or damage to the custody seals. If any sample is not intact, the

0466.51 1-25 -
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from direct sunlight

Specific W, SW E120.1 P, G N/a None required Analyze
Conductance immediately
pH W, SW E150.1 P, G N/A None required Analyze
immediately
Temperature W, SW E170.1 P, G N/A None required Analyze
immediately
Turbidity w E180.1 P, G 100 mL Refrigeration is Analyze
recommended immediately
LABORATORY - DETERMINED PHYSICAL PARAMETERS
Moisture 8, S8 E160.3 P,G T 200 g Aintight container, As soon as
cool 4°C, away possible

Note: The table includes sbsolute minimum volumes for the implementation of each appropriate chemical analysis, Typical sample volumes

collected are far in excess of minimum volumes stated.

N/A = Not Applicable

S = Soil, W = Groundwater, $§
'P = Polyethylene, G = Glass, T

Sediment, SW = Surface Water
Brass sleeve

0466TBL..1-3
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LABORATORY - DETERMINED CHEMICAL PARAMETERS
Volatile SW3260 T, G with Teflon- 4 Ounces 4°C 10 days
Organic lined Cap
Compounds
Semivolatile SWE8270 T, G with Teflon- 8 Cunces 4°C 14 days uatil
Organic lined Cap extraction; 40 days
Compounds after extraction
Metals SW6010 PGT 8 QOunces 4°C 6 months
Arsenic SW7060 P,G, T 8 Ounces 4°C 6 months
Lead SW7421 P,GT 8 Ounces 4°C 6 months
Mercury SW7471 P,G, T 8 Ounces 4°C 38 days glass
13 days plastic
Selenium SW7740 P,G T 8 Ounces 4°C 6 months
Thallium SWT7841 PG T 8 Ounces 4°C 6 months
Cyanide SWo010 P,G, T 4 Ounces 4°C 14 days
Pesticides/ SWB080 T, G with Teflon- 8 Ounces 4°C 14 days until
PCBs lined Cap extraction; 40 days
after extraction
TOC SW9060 P,A,T 4 Ounces 4°C 28 days

Note: The table includes absolute minimum veolumes for the implementation of each appropriate chemical analysis. Typical sample votumes

collected are far in excess of minimum volumes stated.

'P = Polyethylene, G = Glass, T = Brass sleeves, A = Amber glass bottle

*The listed holding times are recommended for properly preserved samples based on currently available data. It is recognized that extension
of these times may be possible for some sample types while, for other types, the times may be too long. When shipping regulations prevent
the use of the proper preservation technique or when the holding time is exceeded, the final reported data for these samples should indicate the
specific variance. If samples cannot be analyzed within the specified time intervals, the final reported data should indicate the actual holding

times.

0456TBL.1-4
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Volatile SW8260 T,Gwith 4 Ounces 4°C 10 days®

Organic Teflon-lined

Compounds Cap

Semivolatile SW8270 T, G with 8 Ounces 4°C 14 days until extraction; 40 days

Organic Teflon-lined after extraction

Compounds Cap

Metals SW6010 PG, T 8 Ounces 4°C 6 months

Arsenic SW7060 P,G T 8 Qunces 4°C 6 months

Lead SW7421 BP,GT 8 Cunces 4°C 6 months

Mercury 8W7471 P,G T 8 Ounces 4°C 38 days glass
13 days plastic

Selenium SW7740 G T 8 Ounces 4°C 6 months

Thallium SW7841 P,GT 8 Ounces 4°C 6 months

Cyanide S§W90i0 P,G T 4 Qunces 4°C 14 days

Pesticides/ SWB8080 T, G with 8 Ounces 4°C 14 days until extraction; 40 days

PCBs Teflon-lined after extraction

Cap
TCLP (full SWi1311 T, G with 8 Ounces None Volatiles - 14 days to TCLP
suite) Teflon-lined extraction, 14 days afler extraction;
Cap Semivolatiles - 14 days to TCLP ]

extraction, 40 days after extraction;
Mercury - 28 days to TCLP
extraction, 28 days after exteaction;
Metals - 180 days 10 TCLP
extraction, 180 days after extraction

TOC SWo0e0 P,AT 4 Ounces 4°C 28 days

Note: The table includes absol Iute minimum volumes for the implementation of each appropriate chcnucal analysis. Typical sample volumes

R |
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'P = Polyethylene, G = Glass, T = Brass sleeves, A = Amber glass bottle

*The listed holding times are recommended for properly preserved samples based on currently available data. It is recognized that extension
of these times may be possible for some sample types while, for other types, the times may be 10 long. When shipping regulations prevent
the use of the proper preservation technique or when the holding time is exceeded, the final reported data for these samples should indicate the
specific variance. If samples cannot be analyzed within the specified time intervals, the final reported data should indicate the actual holding

Himao
tmes.

*10 days after sampling.
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LABORATORY - DETERMINED CHEMICAL PARAMETERS

or H2804 1o pH <2

Volatile SW3260 G with Teflon- 2X40 mL 4°C, HClto pH <2 10 days’
Organic lined Septum
Compounds
Semivolatile SW8270 G with Teflon- 1 Liter 4°C 7 days until extraction; 40 days
Organic ' lined Cap after extraction
Compounds
Metals SW6010 PG 600 mL 4°C, HNO3 to pH <2 } 6 months
Arsenic SW7060 PG 600 mL 4°C, HNQO3 to pH<2 6 months
Lead SW7420 P, G 600 mL 4°C, HNO3 to pH <2 6 rnonths
Mercury SW7470 P, G 400 mL 4°C, HNO3 to pH<2 | 38 days glass
13 days plastic
Selenium SW7740 P,G 600 mL 4°C, HNO3 to pH<2 6 months
Thallium SW7841 P,G 600 mL 4°C, HNO3 to pH <2 6 months
Cyanide SW9010 P,G 600 mL 4°C, NaOH to pH>12 | 14 days
Pesticides/ SW8080 G with Teflon- 1 Liter 4°C 7 days until extraction; 40 days
PCBs lined Cap after extraction
Hardness El130.1 P 100 mL 4°C, HNO3 to pH<2 6 months

. S W
S =

Note: The table includes absolute minimum volumes for the implementation of each appropriate chemical analysis. Typical sample volumes
collected are far in excess of minimum volumes stated.

'P = Polyethylene, G = Glass

*The listed holding times are recommended for properly preserved samples based on currently available data. Tt is recognized that extem;ion
of these times may he possible for some sample types while, for other types, the times may be too long. When shipping regulations prevent
the use of the proper preservation technique or when the holding time is exceeded, the final reported data for these samples should indicate the
specific variance. If samples csnnot be analyzed within the specified time intervals, the final reported data should indicate the actual holding

times.

*10 days afier sampling.
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Volatile SWE260 G with Teflon- 2x40 mL 4°C, HClwo pH<2 10 days
" Organic lined Septum
Compounds
Semivoiatiie SW3270 G with Teflon- 1 Liter 4°C 7 days until extraction; 40 days
Organic lined Cap after extraction
Compounds
Metals ’ SwW6010 P, G 600 mL 4°C, HNO3 to pH<2 6 months
Arsenic SW7060 P, G 600 mL 4°C, HNO3 to pH<2 6 months
Lead SW7420 PG 600 mL 4°C, HNO3 to pH<2 6 months
Mercury SW7470 P, G 400 mL 4°C, HNO3 1o pH <2 38 days glass
13 days plastic
Selenium SW7740 P, G 600 ml. 4°C, HNO3 to pH<2 6 months
Thallium SW7841 | B, G 600 mL 4°C, HNO3 1o pii<2 | 6 months )

Cyanide SWH10 PG 600 mL 4°C, NaOH 10 pH> 12 14 days

Pesticides/ SW8080 G with Teflon- 1 Liter 4°C 7 days until extraction; 40 days
PCBs lined Cap after extraction

Hardness E130.1 P 100 mL 4°C, HNO3 to pH <2 | 6 menths

or H2504 to pH <2

Note: The table includes absolute minimum volumes for the implementation of each appropriate chemical analysis. Typical sample volumes
coliected are far in excess of minimum volumes stated.

'P = Polyethylene, G = Glass

*The listed holding times are recommended for properly preserved samples based on currently available data. It is recognized that extension
of these times may be possible for some sample types while, for other types, the times may be too long. When shipping regulations prevent
the use of the proper preservation technique or when the holding time is exceeded, the final reported data for these samples should indicate the
specific variance. If samples cannot be analyzed within the specified time intervals, the final reported data should indicate the actual holding
times.

%10 days after sampling.
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Earth Tech Project Manager will be notified immediately. Th

recorded in a sample control logbook.

1.6.2.1 Sample Handling. The Sample Control department personnel accept custody of
samples by signing and dating the COC form. Samples are logged onto a Commercial Receiving

Y Chaat Tha fAll +
Log Sheet. The following items, where applicable, are noted on the sheet.

L Case number ] Matrix

L CompuChem ID number (CC#) . Temperature

[ Client name or order number L Analysis codes

e Field ID (sample ID) e Volume received

] Receiving date (RD) ] PH (inorganics only)
. Sampling date (SD) ] SampleSaver number
] Residual chlorine and sulfide check

(cyanide only)

The condition of the refrigerant (whether any ice remains) is checked and the temperature of a
representative sample (liquid samples only) is ascertained by wrapping a temperature strip
around the outside of the container. The temperature is recorded on the Sample Record and on
the Receiving Log Sheet. When it is apparent through these checks that a sample was not

properly preserved, Earth Tech will be notified and a standard QA Notice will be completed and

placed in the sample file. Each log sheet and COC will be reviewed by the Sample Control
department supervisor who will ensure that all information is properly documented. Each log
sheet will be stamped as having been reviewed, initialled, and dated.

Samnles are tracked fhrnuuh ComnuChem’s Laboratorv Information Management Svstem

WAL D (AT A AW T I LV N RS ALLPT UL e RAN AR AAUAI GV Y aniaaaiaGatlan  ATAGAAG R WALLVALL Wy SRl

(LIMS). As information for each sample is received into the LIMS, a CompuChem number
(CCN) is generated. A CCN is a unique, six-digit laboratory identifier. It is added to the
accessioning log sheet and to the COC (adjacent to the associated field ID number when
possible).

Once labeled, samples are transferred to the locked walk-in cooler. Samples to be analyzed for
extractable components and inorganics are stored separately from samples to be analyzed for
purgeable components. Standards are stored in separate refrigerated units away from the field
samples.

1.6.2.2 Sample Identification. Sample labels containing the CCN are generated from the LIMS
in numerical sequence. Each sample is labeled by wrapping the bottle with its unique computer-
generated label, leaving as much of the field label exposed as possible. The sample labels are

color-coded, and colors are rotated every two weeks by the supervisor of the receiving
department or designee. Rotating the colored labels helps sampie custodians to locate and purge

ARG L VRl Bl SRULGRAALS R0 RAIRARAS 1aDlo AP0 offRAp It LASDLUIRSIAR s AL IV /1N

sample bottles, extracts, or digestates after the required storage-to-disposal period has passed

After samples are properly labeled and identified, the samples are batched in preparation for
analysis. The analytical or preparation batch is comprised of a maximum number of 20 samples
which are analyzed together through the rate-determining step of the method, and with the

0466.51 1_3 1
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manipulations common to each sample within the same time period, or in continuous sequential

time periods. Samples in each batch should be of similar composition and include QC samples,
such as blanks and spiked samples.

1.6.2.3 Sample Custody Records. All samples shall be accompanied by a field COC record.

All field COC records are filed permanently with the analytical data. A COC record must also

be used if the laboratory relinquishes control of the samples to subcontractor laboratories or
returns the samples to Earth Tech. In addition, an internal laboratory COC is used to track the
samples within the laboratory. The completed original field COC shall be forwarded to the
Earth Tech Project Manager.

When sample COC is initiated in the field by Earth Tech, the person responsible for initiating
COC in the laboratory is the receiving clerk. The receiving clerk signs and dates the COC
form. The samples are then assigned unique, sequential six-digit identification numbers by the
LIMS.

Once the receiving clerk has logged in and documented the receipt of the sample, the sample is
relinquished to the sample custodian on duty. The sample custodians and the supervisor of the
Sample Control department have keys that unlock the sample storage coolers. Samples are filed
in walk-in coolers until laboratory staff request specific samples by completing internal COC
forms or batch sheets (Figure 1-5). The internal COCs are completed the same way, and the
sample custodian relinquishes the samples to the laboratory staff member. The internal COC
form is used to document the sample’s movement from the custodian to the analyst to final

disposition.

1
z
§
7
=

Field equipment will be calibrated prior to use in the field as appropriate. The calibration
procedures will follow standard manufacturers’ instructions and/or Earth Tech’s
calibration/service spcciﬂcations to ensure that the equipment is functioning within tolerances
established by the manufacturers and required by the project. In addition to regularly scheduled
calibration, some instruments such as pH meters require calibration checks before use. All
instruments will be monitored for evidence of non-reproducible or erratic readings, and
recalibration performed as required. Calibration procedures and the frequency of calibration are
described in Section 2.3 of the FSP. A daily record of field analytical instrument (e.g., pH
meter and conductivity meter) daily calibration will be maintained in the field logbook or
calibration logbook by field personnel. Copies of calibration records for equipment that only
needs periodic calibration (e.g., thermometers and sounders) will be available in the field.
These records will be subject to QA audit. In addition, any notes on unusual results, changing
of standards, battery charging, and operation and maintenance will be included in the logbook.

All instruments are to be stored, transported, and handled with care to preserve equipment
accuracy. Damaged instruments will be taken out of service immediately and not used again
until a qualified technician repairs and recalibrates the instruments.

0466.51 1-32
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Section No, 7.0
Revision No. §
Qata: February 18, 1993
Figurs 7-2. Internal COC Form
COMPUCHEM ENVIRONMENTAL CORPORATION
Internal Chain-of-Custody

Laboratory: Requested By:
Samples For: 1 2 3 Time Requested:

(circle one) e oo

Date Requested:
Check Where Applicable:
EPA ____ Water
Commercial » Soil ____
CoupuChem #'s  Boals  Conlainers CompuChesn #'s  Bomle Costainers
L "
2 1.
3 1.
4, .
5. 18,
'3 16.
7. 1.
1 o 12 _
9. 19.
10. 2.
RELINQUISHED BY: RECEIVED BY:
REUNGUISHED BY: RECENED BY:
RELINQUISHED 8Y: RECENVED BY:
COMMENTS
Page7-8 = e e CompuChem Quality Assurancs Plan’
EAnrn@rzcu Figure i-5
CompuChem Internal COC

AFP 59:CompuChems Internal COC
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1.8  Analytical Procedures

Analytical procedures concermning sample preparation, analysis, and reporting must be in
accordance with the specified analytical methods and the guidelines in The Handbook (USAF,
1993). The analytical methods to be used during the RI are discussed below.

1.8.1 Identification of Methods

The purpose of the laboratory analyses is to identify the types and concentrations of
contaminants in soil, sediment, surface water, and groundwater. The analytical methods to be
conducted on samples of these matrices were chosen based on the history of the site and, the
contaminants which were identified during previous investigations. The contaminants of
potential concemn include volatiles, semi-volatiles, pesticides/PCBs, and metals.

Analytical methods used in sample analysis for this study are described in:

® SW846: Test Methods for Evaluating Solid Waste (Physical/Chemical Methods)
Third Edition, September, 1986, Update I (July, 1992);

o USEPA: Method for Chemical Analysis of Water and Wastes, March, 1983; and
° ASTM.
1.8.2 Detection and Quantitation Limits

1.8.2.1 Terminology. Two types of detection limits are routinely determined at CompuChem:
the Practical Quantitation Limit (PQL) and the Method Detection Limit (MDL). The PQL is
defined as the lowest level that can be reliably achieved within specified limits of precision and
accuracy during routine laboratory operating conditions. The MDL is the minimum
concentration that can be measured with 99 percent confidence that the parameter is greater than
zero. The MDLs are determined from the analysis of a sample in a given matrix (using both
laboratory pure water and laboratory pure sand or furnaced sodium sulfate matrices) containing
the analyte.

MDLs and PQLs are to be reported by the laboratory prior to sample analysis. Experimentally
determined quantitation limits must be approved by the USAF prior to AFP 59 sample analysis.
Detection and quantitation limits should never exceed the maximum quantitation limits as
presented in Table 2-3 of The Handbook (USAF, 1993)'. Values which fall below the PQL but
above the MDL will be reported with a J qualifier (estimated).

1.8.2.2 Procedures. In order to determine the MDL, at least eight replicate samples are
prepared containing the analyte(s) to be tested, at a concentration that is equal to or in the same
concentration range as the estimated MDL. It is recommended that the concentration fall

1Lab-derived PQLs for 8260 that exceed the Handbook quantitation limits but are at or below the PQLs for
8010/8020 (as provided in the Handbook) are an exception.

046651 1-35
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between one and five times the estimated MDL. The samples are processed through the entire

analytical method. The MDL is calculated using the standard deviation of the replicate
measurements and the Student’s T value at the 99 percent confidence level. The mean anatyte
value and the mean percent recovery are also caiculated.

After determining the MDL for each method, the MDL is then multiplied by four (4) and
rounded using CompuChem’s rounding and significant figure policies. This rounded raw
number is then rounded up to the nearest multiple of five (5), and the result is the PQL.

Therefore, CompuChem’s PQLs are in most cases multiples of five (5), allowing for ease in
creating standards equal to or less than the PQLs, and standm dizing the reporting formats.

1.8.2.3 Values. Analytical methods and CompuChem’s associated MDLs and PQLs for the
AFP 59 investigation are listed in Tables 1-8 and 1-9, respectively.

- NN I e WS W e

Prior to sample analysis, all analytical instrumentation must be calibrated to ensure the
instrumentation is functioning within the established sensitivity range. Instruments must be
calibrated and recalibrated at regular intervals as specified by the applicable method, and

consistent with the manufacturer’s recommendations. The nature and frequency of such checks

are specified in the analytical SOPs describing the instrumental analyses performed at
CompuChem. Appendix A lists the acceptance criteria and frequencies of the initial and
continuing calibrations for the AFP 59 specified methods. Specific method calibration
requirements are followed if they are more stringent than those listed here. CompuChem

maintains records of all calibrations, recalibrations, and in-service checks of instruments. - All

SMRL02 ASNAN AN e MALAVIGwa 2z Awwiiisainsa GaratSiNSy Crais ARRT WL YV AR

calibrations are traceable to primary standards of measurement. Where the concept of
traceability of measurement to primary standards is not applicable, CompuChem provides
satisfactory evidence of correlation or accuracy of test results.

AR am

i
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N .

All standards used for calibration are either provided by the USEPA ("USEPA-certified"),

LP el ety TaGrAWis QAN VaANEWA AUV AMMAL U uawv

traceable to an USEPA or NIST standard source. Organic standards used in the gas
chromatograph (GC) and gas chromatography/mass spectrometry (GC/MS) laboratories are
prepared by a fulltime organic standards chemist. Standards are prepared from neat chemicals
of guaranteed purity. The stock (primary) standard is then diluted and the working level

standard is tested for accuracy of dilution by comparing the new working level standard lot

concentrations against the prevxously prepared lot (before expiration). This standard lot
preparation test is described fully in CompuChem’s GC/MS Laboratory SOP.

L

The 1000 parts per million stock cyanide solution is prepared using KCN in a 1:1 ratio. The
potassium concentration of the solution is verified by inductively coupled plasma (ICP) analysis,

which in turn verifies the cyanide concentration. Thls standardlzatlon is performed with each
preparation of the stock solution. The primary standards used for standardization of the ICP are

obtained from SPEX and are certified as being traceable to an USEPA or NIST standard source.

- e
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Phenol

bis(2-Chloroethyl)ether
2- f‘hlnmnhpnn]

1, 3~D1chlorobenzene

1,4-Dichlorobenzene
Bnn vl Aleohnl

enzyl Alcohol
1,2-Dichiorobenzene
2-Methylphenol

bis(2-Chlorciscpiopyljether

4-Methylphenol
N-Nitroso-Di-N-propylamine
Hexachloroethane
Nitrobenzene

Isophorone

Z-Niirophenol
2,4-Dimethyliphenol
Benzoic Acid
bis(2-Chloroetihoxy)meihane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthaiene
4-Chloroaniline
Hexachlorobutadiene
4-chloro-3-methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline

Dimethyl phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4,-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4,-Dinitrotoluene

Semivolatile Organic Compounds
(Method SW8270)

0.116

0.094
0,101

0.103

0.106
0.106

Sy anent

0.099
0.100

0O 138

L ]

0.356
0.100

N NOs
V.ITI

0.125
0.106

N NN
v.urz

0.078
0.721
2.917*
0.073
0.096
0.089
0.118
0.094
0.068
0.097
0.038
0.144
0.177
0.106
0.355
0.089
0.083
0.227
0.091
0.146
0.220
0.086

0.098

2.48
2.38
5.91
2.56

2.00
3.35

2.52
4.73

2 .50

o IS

14.13*
2.31

2 10
F.1F

2.02
1.31

- s
f.od

3.81
10.92

-~ ar

2.46
7.21
1.79
1.95
1.46
2.24
4.12
2.17
1.97

13.57*

15.43
2.08
2.87
3.51
1.64
3.73
1.82

22.36
7.88
2.45
2.25
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Semivolatile Organic Compounds
(Method SW8270) (Continued)

Continued

n-Nitrosodiphenylamine 0.214 3.23
Anthracene 0.102 1.29
Benzo(a)anthracene 0.098 2.98
Benzo(b)fluoranthene 0.079 3.34
Benzo(k)fluoranthene 0.144 7.28
Benzo(g,h,i)perylene 0.090 4.37
Benzo(a)pyrene 0.0M 3.26
bis(2-ethylhexyl)phthalate 0.144 2.62
4-Bromophenylphenylether 0.084 2.34
Butylbenzylphthalate 0.070 3.70
4-Chlorophenyl phenyl ether 0.071 2.52
Chrysene 0.152 2.72
Dibenz(a,h)anthracene 0.101 4.34
Di-n-butylphthalate 0.227 9.77
3,3"-Dichlorobenzidine 0.097 2.78
Diethylphthalate 0.059 1.86
2,6-Dinitrotoluene 0.085 2.00
Di-n-octy! phthalate 0.093 2392
Fluoranthene 0.071 2.54
Fluorene 0.081 1.33
Hexachlorobenzene 0.082 1.60
Indeno(1,2,3,-cd)pyrene 0.156 5.99
Phenanthrene 0.078 1.84
Pyrene 0.079 2.56
4,6-Dinitro-2-methylphencl 0.205 19.86
Pentachlorophenol 0.182 20.63*
Organochlorine Pesticides & PCBs
(Method SW8§080)
Aldrin 0.001 0.006
alpha-BHC 0.0005 0.003
beta-BHC 0.001 0.007
delta-BHC 0.0001 0.0002
gamma-BHC (Lindane) 0.0005 0.003
Chlordane . 0.0026 0.002
4,4'-DDD 0.001 0.009
4,4'-DDE 0.003 0.007
4,4-DDT 0.001 0.012
Dieldrin 0.001 0.011
Endosulfan I 0.0009 0.004
Endosulfan II 0.004 0.005
Endosulfan sulfate 0.003 0.047 o
Endrin » G.001 0.011
O466TBL,.18
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Continued
Organochlorine Pesticides & PCBs (SW8080)
(Continued)
Endrin aldehyde 0.002 0.012
Heptachlor 0.005 0.004
Heptachlor epoxide 0.002 0.009
Methoxychlor 0.007 0.045
Toxaphene 0.027 0.658
PCB-1016 0.011 0.071
PCB-1221 0.010 0.479
PCB-1232 0.009 0.230
PCB-1242 0.007 0.608
PCB-1248 0.039 0.181
PCB-1254 0.004 0.382
PCB-1260 0.013 0.0835
Volatile Organics (Method SW8260 25mL
purge)
Dichlorodifluoromethane 0.004 0.16
Benzene 0.008 0.07
Bromodichloromethane 0.011 0.17
Bromoform 0.002 0.08
Bromomethane 0.0008 0.12
2,2-Dichloropropane 0.002 0.23
Carbon tetrachloride 0.006 0.07
Chlorobenzene 0.001 0.10
Chlorodibromomethane 0.002 0.10
Chloroethane 0.001 0.12
Trichlorofluoromethane 0.003 0.16
Chloroform 0.003 0.13
Chiloromethane 0.003 0.13
1,1-Dichloroethane 0.004 0.18
i,2-Drichioroethane 0.006 0.07
1,1-Dichloroethene 0.002 0.17
trans-1,2-Dichloroethene 0.002 0.18
1,2-Dichloropropane 0.004 0.13
cis-1,3-Dichloropropene 0.007 0.48
trans-1,3-Dichloropropene 0.007 0.15
Ethylbenzene 0.001 0.10
cis-1,2-Dichloroethene 0.005 0.22
Methylene chloride 0.014 1.64
Bromochloromethane 0.004 0.18
Styrene 0.002 0.09
1,1,2,2-Tetrachloroethane 0.003 0.10
Tetrachloroethene 0.002 0.10
O466TBL.1-8 1’39




Continued
Volatile Organics (Method SW8260 25 mL
purge) (Continued)
Toluene 0.007 0.12
1,1,1-Trichloroethane 0.002 0.10
1,1,2-Trichloroethane 0.006 G.10
Trichloroethene 0.005 0.10
1,1-Dichloropropene 0.007 0.10
Vinyl chloride 0.003 0.13
Total Xylenes 0.001 0.11
n-Propyl Benzene 0.003 0.17
Dibromomethane 0.011 0.22
1,3-Dichloropropane 0.003 0.15
1,2-Dibromoethane 0.006 0.09
1,1,1,2-Tetrachloroethane 0.007 0.09
Isopropyl Benzene 0.002 0.12
1,2,3-Trichloropropane 0.003 0.20
Bromobenzene 0.002 0.12
2-Chlorotoluene 0.001 0.12
4-Chlorotoluene 0.001 0.13
tert-Butyl Benzene 0.001 0.13
1,3,5-Trimethy] Benzene 0.001 0.13
1,2,4-Trimethyl Benzene 0.002 0.13
sec-Butyl Benzene 0.001 0.13
1,3-Dichlorobenzene 0.001 0.12
p-Isopropyl Toluene 0.001 0.13
1,4-Dichlorobenzene 0.002 0.12
1,2-Dichlorobenzene 0.002 0.10
n-Butyl Benzene 0.002 0.13
1,2-Dibromo-3-Chloropropane 0.004 0.10
1,2,4-Trichlorobenzene 0.003 0.13 .
Naphthalene 0.002 0.09
Hexachlorobutadiene 0.003 0.14
1,2,3-Trichiorobenzene 0.003 0.17
Total Organic Carbon (Method SW9060)
TOC 78.78 NA
Cyanide, Total (Method SW9010)
Cyanide, Total 0.22 0.0004 mg/L
(466TBL.1-8 1-40
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Continued

ICP Screen for Metals (Method SW6010)

Aluminum { Al) 33.56 0.028
Antimony (Sb) 1.68 0.044
Arsenic (As) 4.07 0.133
Barium (Ba) 0.16 0.0009
Beryllium (Be) 0.14 0.0005
Cadmium (Cd) 0.26 0.004
Calcium {Ca) 16.76 0.251*
Chromium (Cr) 0.57 0.004
Cobalt (Co) 0.42 0.004
Copper {Cu) 0.73 0.002
Iron (Fe) 9.52% 0.028
Lead (Pb) 1.50 0.041
Magnesium (Mg) 12.99 0.014
Manganese (Mn) 1.31 0.0008
Molybdenum (Mo) 2.75 0.015
Nickel (Ni) 2.04 0.012
Potassium (K) 132.27 0.539
Selenium (Se¢) 3.83 0.168
Silver (Ag) 0.19 0.001
Sodium (Na) 94.87+ 0.108
Thallium (TT) 5.84 0.079
Vanadium (V) 1.00 0.001
Zinc (Zn) 2.15% 0.002
Mercury (SW7470, SW7471)

Mercury 0.073 0.00006
Arsenic (SW7060)

Arsenic 0.21 0.0004
Lead (SW7421)

Lead 0.07 0.001
Selenium (SW7740)

Selenium 0.19 0.001
Thallium (SW7841)

Thallium 0.15 0.0007
Soil Moisture Content (ASTM D2Z16) NA NA

*Method detection limits are greater than the practical quantitation limits as stated in Table 2-3 of The Handbook

(USAF, 1993).
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Semivolatile Organic Compounds l
{(Method SW8270) ]
Phenol 0.470 10 .
bis(2-Chloroethyl)ether 0.380 10 '\
2-Chlorophenol 0.410 25 '
1,3-Dichlorobenzene 0.420 15 ;
1,4-Dichlorobenzene 0.430 10 '/
Benzyl Alcohol 0.430 15 -
1,2-Dichlorobenzene 0.400 15
2-Methylphenol 0.410 20 ‘
bis(2-Chloroisopropyl)ether 0.560 15
4-Methylphenol 2.900 120
N-Nitroso-Di-N-propylamine 0.410 10 -
Hexachloroethane - 0.390 15 <l
Nitrobenzene 0.510 10 A=
Isophorone 0.430 : 10
2-Nitrophenol 0.320 30 a
2,4-Dimethylphenol 0.320 20 ‘ '
Benzoic Acid 2.900 45 ,
bis(2-Chloroethoxy)methane 12.000 10 [ §
2,4-Dichlorophenol 0.300 30 l
1,2,4-Trichlorobenzene 0.390 10
Naphthalene 0.360 10
4-Chloroaniline 0.480 10 '
Hexachlorobutadiene 0.380 . 10
4-chloro-3-methylphenol 0.280 20
2-Methylnaphthalene 0.400 10 i
Hexachlorocyclopentadiene - 0.360 10 )
2.4,6-Trichlorophenol 0.580 55
2,4,5-Trichlorophenol 0.710 65
2-Chloronaphthalene 0.430 10 {l,
2-Nitroaniline 1.500 15
Dimethyl phthalate 0.360 15 ‘
Acenaphthylene 0.340 10 '
3-Nitroaniline 0.920 15
Acenaphthene 0.370 10
2,4,-Dinitrophenol 0.590 90 ‘/
4-Nitrophenol 0.890 35
Dibenzofuran ‘ 0.350 10 '
2,4,-Dinitrotoluene 0.400 10 '
0466TBL. |- 1-42 !
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Continued

Semivolatile Organic Compounds
(Method SW38270) (Continued)

n-Nitrosodiphenylamine 0.860 10
Anthracene 0.420 10
Benzo(a)anthracene 0.400 15
Benzo(b)fluoranthene 0.320 15
Benzo(k)fluoranthene 0.580 30
Benzo(g,h,i)perylene 0.370 20
Benzo(a)pyrene 0.290 15
bis(2-ethylhexyl)phthalate 0.580 15
4-Bromophenylphenylether 0.340 10
Butylbenzylphthalate 0.290 15
4-Chlorophenyl phenyl ether 0.290 15
Chrysene 0.610 15
Dibenz(a,h)anthracene 0.410 20
Di-n-butylphthalate 0.910 40
3,3’-Dichlorobenzidine 0.400 15
Diethylphthalate 0.280 10
2,6-Dinitrotoluene 0.350 10
Di-n-octy! phthalate 0.380 20
Fluoranthene 0.290 15
Fluorene 0.330 10
Hexachlorobenzene 0.330 10
Indeno(1,2,3,-cd)pyrene 0.630 25
Phenanthrene 0.320 10
Pyrene . 0.320 15
4 6-Dinitro-2-methylphenol 0.830 80
Pentachlorophenol 0.730 85
Organochlorine Pesticides & PCBs
(Method SW8080)
Aldrin 0.010 0.025
alpha-BHC 0.0025 0.025
beta-BHC 0.010 0.050
deita-BHC 0.00075 0.0010
gomma-BHC (Lindane) 0.0025 0.025
Coiordane 0.015 0.020
4.4'-DDD '0.010 0.050
4,4'-DDE 0.015 0.050
4,4'-DDT 0.010 0.075
Dieldrin 0.010 0.050
Endosulfan 1 0.0050 0.025
Endosulfan I 0.020 0.025
Endosulfan sulfate 0.020 0.025
Endrin 0.010 0.050
0466TBL.1-9 1-43




Continued

Organochlorine Pesticides & PCBs (SW8080)

(Continued)
Endrin aldehyde 0.015 0.075
Heptachlor 0.0025 0.025
Heptachlor epoxide 0.015 0.050
Methoxychlor 0.030 0.025
Toxaphene 0.110 3.0
PCB-1016 0.050 0.50
PCB-1221 0.045 2.0
PCB-1232 0.040 1.0
PCB-1242 0.030 2.5
PCB-1248 0.160 0.75
PCB-1254 0.020 2.0
PCB-1260 0.060 0.50
Volatile Organics (Method SW38260 25mL
purge)
Dichlorodifluoromethane 0.010 1.0
Benzene . 0.015 0.75
Bromodichloromethane 0.015 0.50
Bromoform 0.020 0.50
Bromomethane 0.010 0.50
2,2-Dichloropropane 0.015 0.50
Carbon tetrachloride 0.015 1.0
Chlorobenzene 0.015 0.50
| Chlorodibromomethane 0.015 0.50
Chloroethane 0.020 Q.50
Trichlorofluoromethane 0.010 1.0
Chloroform 0.015 0.75
Chloromethane 0.015 1.0
1,1-Dichleroethane 0.015 0.75
1,2-Dichloroethane 0.020 0.75
1,1-Dichloroethene 0.015 " 0.75
trans-1,2-Dichloroethene 0.015 1.0
1,2-Dichloropropane 0.015 0.75
cis-1,3-Dichloropropene 0.015 0.50
trans-1,3-Dichloropropene 0.015 0.50
Ethylbenzene 0.015 0.75
cis-1,2-Dichloroethene 0.015 0.50
Methylene chloride 0.035 15
Bromochloromethane 0.015 1.0
Styrene : 0.015 0.50
1,1,2,2-Tetrachloroethane 0.030 0.50
Tetrachloroethene 0.015 0.75
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Volatile Organics (Method SW8260 25 mL
purge) (Continued)

Toluene 0.015 0.75
1,1,1-Tnchloroethane 0.015 0.75
1,1,2-Trichloroethane 0.020 0.75
Trichloroethene 0.015 0.75
1,1-Dichloropropene 0.015 1.0
Vinyl chloride 0.010 1.0
Total Xylenes 0.015 0.50
n-Propyl Benzene 0.015 0.75
Dibromomethane 0.020 0.75
1,3-Dichloropropane 0.010 0.75
1,2-Dibromoethane 0.020 0.75
1.1,1,2-Tetrachloroethane 0.015 0.75
Isopropy! Benzene 0.015 0.75
1,2,3-Trichloropropane 0.025 1.0
Bromobenzene 0.015 0.50
2-Chlorotoluene 0.015 0.50
4-Chlorotoluene 0.015 0.50
tert-Butyl Benzene 0.015 0.75
1,3,5-Trimethy] Benzene 0.015 0.50
1,2,4-Trimethyl Benzene 0.015 0.50
sec-Butyl Benzene 0.015 0.75
1,3-Dichlorebenzene 0.015 0.50
p-Isopropyl Toluene 0.015 0.75
1,4-Dichlorcbanzene 0.015 0.7%
1,2-Dichlorobenzene 0.020 0.50
o-Butyl Benzene 0.015 0.75
1,2-Dibromo-3-Chloropropane 0.030 1.5
1,2,4-Trichlorobenzene 0.025 0.50
Naphthalene 0.035 0.75
Hexachlorobutadiene 0.025 0.75
1,2,3-Trichlorobenzene 0.020 0.75
Total Organic Carbon (Method SW9060)
TOC 78.78 NA
Cyanide, Total (Method SW9016)
Cyanide, Total 0.90 0.018 mg/L
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Continued

ICP Screen for Metals (Method SW6010)

Aluminum ( Al) 135 0.12
Antimony (Sb) 7.0 0.180
Arsenic (As) - --
Barium (Ba) 0.65 0.0040
Beryllium (Be) 0.60 0.0025
Cadmium (Cd) 1.5 0.019
Calcium (Ca) 68.0 1.0
Chromium (Cr) 2.5 0.019
Cobalt (Co) 2.0 0.020
Copper (Cu) 3.0 0.010
Iron (Fe) 38.5 0.12
Lead (Pb) -- -
Magnesium (Mg) 52.0 0.058
Manganese (Mn) 5.5 0.0035
Molybdenum (Mo) 11.0 0.056
Nickel (Ni) 8.5 0.050
Potassium (K) 530 2.2
Selenium (Se) - -
Silver (Ag) 0.80 0.0080
Sodium (Na) 380 0.44
Thallium (T1) - -
Vanadium (V) 4.0 0.0065
Zinc (Zn) 9.0 0.0095
Mercury (SW7470, SW7471)
Mercury 0.30 0.00025
Arsenic (SW7060)
Arsenic 0.85 0.018
Lead (SW7421)
Lead 0.30 0.0075
Selenium (SW7740)
Selenium 0.80 0.0075
Thallium (SW7841)
Thallium 0.25 0.0035
Soil Moisture Content (ASTM D2216) NA NA
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1.9 Data Reduction, Validation, and Reporting

The process for data management, reduction, validation and reporting throughout the entire data
collection process is described in the following sections.

1.9.1 Data Management

- -

The following data management flow chart addresses laboratory data review. Contractor data
validation will be discussed in Section 1.9.4.

<-
-

Cross-check Sample ID

| L Verify QC acceptance criteria are met

4. -)
o

Verify target analytes are within instrumentation range and determining appropriate
dilutions when necessary
L] Verify COC is intact based on accompanying paperwork

¥

(g_/,

. Verify all assessments previously made

. Verify accuracy and precision QC criteria are met

. Verify analytical worksheets, preparation and instrument logs have been correctly
completed by the operator/analyst, including date and initials

L Verify that good laboratory practices were followed relative to the correct

procedure in making changes to data

{

Assess the complete data report
Double check all items previously verified by the in-lab data reviewer

Review all data summary documents and verify correct transcription from raw data
Check the data report or case for completeness, including requirements for the
complete sample delivery group

Make a comparative evaluation of data from individual fractions of a sample, and
of samples from the same site, project, or case for consistency of analytical results
and resolution of discrepancies

- G am =S

”
1
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Chemical data shall be submitted to Earth Tech in hardcopy data packages and in the Installation
Restoration Program Information Management System (IRPIMS) electronic format. It shall be
the responsibility of the laboratory QA Officer to check the raw laboratory data for completeness

| PN Ny g
and accuracy. Raw laboratory data shall be transferred from the laboratory reports to the

IRPIMS database. In addition, the IRPIMS data shall be checked for errors using the IRPIMS
quality control tool (QCTOOL).

1.9.3 Data Quality Assessment

Data quality assessment will occur in two parts. Part one involves identifying valid data by
reviewing field and analytical data. Part two of the data quality assessment will identify and
compare valid data to environmental conditions. Both parts of the assessment are discussed
below.

1.9.3.1 Field Record Review. At a minimum, 100 percent of the field records shall be
reviewed for the following.

Field record completeness
Valid sample identification

Qs GQRasIpIIN AUWIILALL RuiRLAY

Correlation of field test data
Field test data anomalies
Assessment of the accuracy and precision of the field test data and measurements.

1.9.3.2 Laboratory Data Review. Laboratory dat

a
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COC forms

Holding times

Method calibration limits
Method blanks

Yo A wa Lsadesnduly

Laboratory verification of quantitation limits
Preparatory batch control records
Corrective actions

Formulas used for analyte uantitation
Exampies of analvte quantita

prawe UL QAR W --v..

Completeness of data

In addition to the above items, the data reviewer shall review control charts and assess associated
statistical trends, to ensure that the analytical process is in control. The control chart is generated
by the analysis of the LCSs (blank spikes). After 20 data points are generated, the LCS results

are used to calculate method control limits, and subsequently the control chart.

Laboratory and field blanks will be reviewed and qualified based on the USEPA’s 5x and 10x
rules. If there is any contamination in the blank, the associated sample must be greater than 5

0466.51 1-48
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valid; otherwise, qualification of the sample may be necessary.

1.9.3.3 Procedures for Handling Out-of-Control Data. If after the review it is ascertained that
certain field and/or laboratory data is out-of-control, these samples (either normal environmental
gamnlac Ae MM camnlany ghall ha 1damtifiad amd a2 AneracmAndine Anemantiva antinn ranart chall
aauq.uc.: Ul WY oddlipicy) slidll UG lutiniiiivdg, ailvd a LU.I.IGDPUHULHS VULIRALLYY aVllull d1VpUlLL Ddllall
accompany the out-of-control event. In addition, all anomalies will be noted and discussed in the
technical report.

1.9.4 Data Validation and Reporting

USEPA CLP "National Functional Guidelines for Organic Data Review" (USEPA, 1993) and
"National Functional Guidelines for Inorganic Data Review" (USEPA, 1994) protocols shall be
followed in validating the data. A total of 10 percent of the complete data set will be validated
by Earth Tech. Quahﬁers w1ll be used as dlctated by the aforementioned protocols, in

1.10 Internal Quality Control Checks for Field and Laboratory Operations
Field and laboratory QC checks are discussed below.
1.10.1 Field Quality Control

Field QC procedures are discussed in Section 2.4 of the FSP.

I 1IN0 2 Tahawatory 2Tyt
FEY 47V u
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Laboratory QC focuses on ensuring that each chemical measurement has the highest probability
of achieving method protocols for precision and accuracy. QC samples such as method blanks,
spikes, and duplicates are evaluated and documented on a routine basis. Spike and surrogate

TECoV ariog  a¢ annranriata are nalnulafnrl onrl ﬂ-nc ﬂr" rlnfa 1c nnmnnmd nuﬂ»\ lahnmtaru.
WUVU‘.IUO’ (2% ] nllyl\ll}ll.ul.\/, AN &K 20D \{ WS, u‘P mUUIuLUlJ

established control limits. NIST-traceable standards should be used for spiking compounds and
surrogates when available. Laboratory QC procedures are discussed below.

Analytical Batch. The analytical or preparation batch is comprised of a maximum number of

20 enmnlna which are nnalvvpﬂ together ﬂ-lrr\no'h the rate-determining step of the method. and
BRANVAR EUI.IIU A% A GALN WiWwbWw/d LARRLALA e tl A% ALAWLA. v“,

with the manipulations common to each sample within the same time period, or in continuous
sequential time periods. Samples in each batch should be of similar composition and include QC
samples, such as blanks and spiked samples. Accuracy will be determined through the recoveries

of surrogate compounds or LCSs. Precision within an analytical batch will be assessed by the
% RSD of the LCS analytes.

Method Blank. A method blank is an analyte-free matrix used to monitor the system for
interferences and contamination from glassware, reagents, etc. The method blank is taken

through the entire sample preparation process and is included with each lot of
extractions/dieestions nrenared reoard]e« of method,

AR GLRA RIS Rl p SNa L AlS
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Matrix Spikes. A matrix spike is an aliquot of the environmental sample which is spiked with

the analytes of interest prior to analysis. At a minimum, for every 20 samples analyzed, there
shall be a MS/MSD pair analyzed for organics, and a MS sample analyzed for inorganics. All
MS and MSD samples shall be project-specific.

3 hlanl- hinh -n onilraAd
Laboratory Control Samples. A laboratory contro! sample is a method b whic

with the analytes of interest in order to monitor the performance of the analytlcal method
Historical data of the LCSs are used to generate control charts.

Surrogate Compounds. For GC and GC/MS analyses, the analytical process includes the

T laty £ reagata onilan nda
addition, subsequent detection, and recovery calculations of surrogate spiking compounds.

Surrogate compounds are added to every field and QC sample at the beginning of the sample
preparation. The surrogate recovery is used to monitor matrix effects and sample preparation.
Compounds that meet the following criteria are suitable surrogate compounds:

. Compounds not requested for analysis
. Compounds that do not interfere with the determination of required analytes.

L Compounds that are not naturally occurring, yet are chemically similar to the

required nnalvtr-'s

reaa e KAl y L

1.10.3 Control Limits

CompuChem’s control limits, acceptance criteria and frequencies for laboratory QC samples are

listed in Anppendix A. (‘nrrerhve actions to be taken if analvtes are not within the control limits

SARLhAS 252 AP vraaas A AWWLA T RVRATAID S VN MARAVEL sk Gaaliay awis fRa N XEVUe VY AVARALL WaAW WARALA SR LAL

are also hsted in this appendix.
1.11 Performance and System Audits

Performance and system audits shall be used to monitor project activities to assure compliance
with the QA objecuves and procedures. Audits may be performed by AFCEE, Earth Tech, or
the laboratory QA Officer. Major aspects of the system and performance audits are described

below.

1.11.1 System Audi

System audits are performed both by internal and external auditors. The QA department
performs quarterly internal system audits. Earth Tech and federal and state certifying agencies
may perform external system audits. Certification officers from various state agencies, including
North Carolina, California, New Jersey, New York, Wisconsin, Florida, Massachusetts, South
Carolina, Connecticut, and New Hampshire, conduct system audits of CompuChem. Most of
these state certification programs specify that onsite inspections are to be conducted annually.

A system audit is performed to qualitatively assess CompuChem’s control system and is intended
to provide evidence of the laboratory’s competence.

0466.51 1-50
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1.11.2 Performance Audits

CompuChem’s QA staff conduct performance audits to evaluate the quality of the data produced
by the analytical system. These audits are performed independently of and in addition to routine
QC checks, and reflect as closely as possible laboratory performance under normal operating

conditions. Often, as a result of deficiencies observed during ongoing performance audits, a full _

system audit may be initiated.

1.11.2.1 Internal Performance Audifs. Internal performance audits include analysis and
assessment of double-blind performance evaluation (PE) samples (analyzed semi-annually) and
single-blind QC reference standards (analyzed quarterly); assessment of proficiency tests for new
methods; assessment of MDL and method validation studies (performed annually); and
assessment of QC repeat statistics.

The data reports for the PE samples are mailed to a cooperative laboratory and reported back
to CompuChem’s QA auditor. Only the QA auditor and marketing representative are aware of
the introduction of the PE sample into the system. The results of the single-blind QC reference
standards are filed for historical performance review and trend analysis as needed. Method
validation studies are performed as part of the development process for new methods and are
reviewed and assessed by the QA department. QC repeat statistics are summarized by the QA

manager in the OA mnnthlv report.

1.11.2.2 Extemal Performance Audits. CompuChem also participates in a number of external,
interlaboratory PE studies; one to four external PE studies are conducted each month throughout
the vear. These include the Water Pollution studies originating from USEPA-Cincinnati, the
New York Department of Health non-potable PE series, the EMSL-LV radiological PE studies,
the DOE-EML radiological intercomparison studies, samples from state certifying agencies, and
independent PE studies to support the HAZWRAP/NEESA/DOE and the Army Corps of
Engineers programs.

1.12 Preventive Maintenance

The primary objective of a preventive maintenance program is to help ensure the timely and
effective compieiion of a measurement effori by minimizing the down iime of cruciai sampling
and/or analytical equipment due to expected cr unexpected component failure. In implementing
the preventive maintenance program, efforis are focused in three primary areas: maintenance
responsibilities, maintenance schedules, and maintaining an adequate inventory of cntlcal spare
parts and cqu1pment

1.12.1 Procedures

CompuChem is a high-capacity laboratory that maintains a izrge inventory of instrumentation
that facilitates rapid sample tumarpund time. Expert technicians maintain and service the
instruments, which reduces the possibility of time lost due to instrument failure. Historically,
instruments have been properly functioning 97 percent of the time. Alternative mstruments are
always available.
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Full-time experts maintain the ar.ﬂ‘y'""ﬂ instruments, and perform routine and preventive

maintenance and major instrument repairs on site. The instrument repair experts have a large
in-house stock of spare parts to expedite repairs. CompuChem also has service agreements with
instrument manufacturers to further support the instrument maintenance and repair program.

The effectiveness of any maintenance program depends to a large extent on adherence to specific
maintenance schedules for each major equipment item. A specific schedule is established for
all routine maintenance activities. Other maintenance activities may also be identified as

ntiin An an ac_naandad 'lnn c AMannfant vda nAl
"eq"lﬂ.ﬂg attention on an as-needed basis. Manufacturers’ recommendations and/or aample

throughput provide the basis for the established maintenance schedules. Manufacturers’ service
contracts provide primary maintenance for many major instruments (e.g., GC/MS instruments,
atomic absorption spectrometers, analytical balances, etc.). Maintenance activities for each
instrument are documented in a maintenance log which indicates the required frequency for each

proc cedure and nmv:rlr-": for dated entries.

1,123 List of Critical Spare Parts

The respective laboratory managers are responsible for maintaining an adequate inventory of
necessary spare parts, Sufficient equipment should be on hand to continue analyses in the event
that an instrument encounters problems. In addition to backup instrumentation, a supply of spare
parts such as GC columns, fittings, septums; atomic absorption lamps, mirrors, diaphragms;
graphite furnace tubes, and other ancillary equipment should be maintained.

1.13 Field and Laboratory F
and Compliance

1.13.1 Formulas
rmulas used to calculate prec

1.13.2 Control Limits

CompuChem’s control limits, spiking compounds and their concentrations are presented in
Appendix A.

1.13.3 Documentation
Documentation and reporting requirements are presented in Section 1.15.
1.14 Corrective Action

The response to out-of-control events, the reestablishment of control, and the documentation of
these activities are summarized in the following sections.
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The need for corrective action comes from several sources: equipment malfunction; failing
internal QA/QC checks; failing performance or system audits; and noncompliance with QA
requirements.

When measurement equipment or analytical methods fail QA/QC, the problems shall
immediately be brought to the attention of the Project Manager and the QA Officer. Corrective
measures to be taken shall depend on the type of analysis, the extent of the error, and whether
the error is determinant or not. The corrective action to be taken is determined by either the

u:uuuw UPU.ldLlUllb xvnumgcl d.udl)'bl., rlUJUbl. lvld.lldgt;l., Qﬂ Ulllel, or Uy d.l.l Ul l.llClll lll
conference.

A corrective action can be as extensive as replacing a complete lot of contaminated extraction
solvent' reextracting and analyzing of a complete batch of samples due to reagent blank

rvlatin Af racnlte haranca
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was applied. The proper corrective action shall be determined on a case by case basis. Any
out-of-control event must be documented on a non-conformance or similar report, which will
identify the event, the problem resolution, and how analytical control is reestablished. Non-
conformance documentation is ﬁled in binders and kept in the QA department office. Corrective

ol rnidad 1 A3 A
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1.14.2 Reestablishment of Control

If corrective action is necessary because of equipment malfunction, the equipment shall be

repa"-orl, prnr-lsllon aud accufany vf th“ repn1mﬂ Anulpmen{ oun“ bn mnncnocnr‘ apd fhe nnn]vmc

shall be rerun. All attempts shall be made to reanalyze all samples affected by the equlpment
malfunction so that the product is not affected by failure of QA requirements.

When a result in a performance audit is unacceptable, the laboratory shall identify the problems

and u'ﬂplumeﬂ{ con-pnfnre acucqn mearlvaha]u A utep_hy_cfnp onn]ymc gnrl 1n\m-ehgahnq to

determine the cause of the problem shall take place as part of the corrective action program. If
the problem cannot be controlled, the laboratory shall analyze what the impact shall be on the
data results.

When a system audit reveals unacceptable performance, work shall be suspended until corrective
action has been implemented and performance has been proven to be acceptable.

1.14.3 Documentation

When out-of-control events nr;;gnr thev are documented and corrective action is m nlemented

Swra TN RR a2y AREAWARENE (ARENE WA LALFAR A nnnv.n.

How such events are documented depends on the type of event and area in whxch the
out-of-control event occurs. Most out-of-control events identified durmg routine sample
processing are restricted to single samples, batches, or data reports. Some examples of these
types of events include:
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Incorrect client identifier on CQOC

e s W Wada Answiiavan e W N St -—

Broken or unpreserved samples rece1ved

Lab accident during sample processing

Accuracy failures for surrogate and/or spike standards
Precision failures between duplicates

Variations in internal standard responses

CERCRIIN0 220 LA Ll80 SRt Avep Y

Contamination of method blank
Errors or omissions in data reports.

D.
=
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An example of the CompuChem "Customer Problem Resolution Report" fo is shown in
Fieure 1-6. is form shall be used bv ComnuChem to document non-conform » events
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1.15  Quality Assurance Reports

Effective management of a field sampling and analytical effort requires timely assessment and
review of field and laboratory activities. This shall require effective interaction and feedback

between the field team members, the Earth Tech Project Manager, the Earth Tech QA
Coordinator, and the laboratory QA Officer.

1.15.1 Reporting Procedures

The laboratory QA Officer and appropriate project team members shall be responsible for
keeping the Earth Tech Project Manager up to date regarding the status of their respective tasks
so that quick and effective solutions can be implemented should any data quality probiems arise.

Sampling activities shall be reviewed on a daily basis by the Earth Tech Project Manager to
determine if the sampling QC requirements are being fulfilled, such as whether the proper
number of blank and duplicate samples are taken for each parameter sampled. All data sheets
and logbooks shall be reviewed daily. Any needed corrective action shall be initiated and
documented daily.

The laboratory QA Officer has the responsibility of reviewing all laboratory analytical activities
to ensure compliance with the QC requirements outlined in this QAPP. This review serves as

a conirol function in thai it should be conducied Ircquenuy 80 deviations II'OIII method

requirements shall be immediately identified and corrected.

1.15.2 Report Content

he QA Officer in conjunction with the laboratory Project Manager, will provide tabulation
all QC sample data and documentation of all events or components that have the potential
affect data quality. The contents of the QA document will inciude:

LR
1

C)

° An assessment of data quality indicators, i.e. precision, accuracy, and

s ) oy et VT,

Com pwu:ucas >

] Rationale for any deviations from target detection limits or associated QC criteria;

[
n
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Section Ng, 15.0
Revision Ne. ¢
Date: June 15, 1393

Fgure1s1  COMPUCHEM LABORATORIES, INC.
CUSTOMER PROBLEM RESOLUTION REPORT

ORIGINATOR (TO BE COMPLETED BY ORIGINATOR)

Client Name/Project Date inquiry revd intemal? Y or N
Address Originator/AA/Sales Rep
Address Phone# | Dasirad resnonsa dals
Priority Account# | Prdority Code
Cassam __ S0G # CPR Codes
RpL Styls Order #
CCi#s Attachments
Order Req Phonelog
Quote Note Other
Notes/Problams/Background

RESOLUTION (TO BE COMPLETED 8Y ASSIGNEE)

Date rovd Relomed to CPR Conlact date

Commit date Cllent Issue vaiid? Y or N Contact with Originator

Compieted date ___ Resolved by New Codes T T —
Resolution time | — 1 1 ]
Notes/Action/nfo

QAJCORRECTIVE ACTION/NQN-CONFORMANCE RECURRENCE CONTROL

Carrective Action Required? Y or N Target complation date
QA Person Responsible Actual completion date
Deficiency

Action to be takervAssignment

QA follow-up/recurrence audit findings

SOP modified? ¥ or N Target date __

Auditor - CAR closed
SPR# 0202
WHTE, ASSONEEME SOLUTION COPY . CANARY, CPRTC COPY NI CPH TRACKNG GOLDENROQ; ORIGINATOR COFY
Page 154 —— CompuChem Quality Assurance Plan

EARTH@VEGN Figure 1-6

CompuChem
Non-Conformance Report

AFP 58/ CompuChams N.C.R.
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L Possible effects on sample data of contaminants found in sample blanks; and

. Documentation of any QA problem, its solution, and its possible effect on the
sampling or analysis program results.

In addition, the report will include a discussion of laboratory data, including:

° Spike levels and the reasons for choosing those levels;

L Possible effects on environmental sample results of detected concentrations in
“method blanks;

] Unique matrix characteristics of environmental samples that may have affected

analysis; and

L Documentation of any out-of-control events, including cause, remediation, and
actions taken to prevent recurrence.

Return to control is verified through the use of CompuChem’s "Customer Problem Resolution
Report” form, which documents the return to control target and actual completion dates.

1.16 Variations
If a task is to be completed in a manner other than described in this QAPP or the Statement of

Work (SOW), written approval will be obtained from AFCEE prior to implementing the
deviation.
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SECTION 2.0

r-I-1 his FSP documents the field and laboratory procedures that will be implemented in
completing the RI of AFP 59. Adherence to these procedures ensures that all
) § information and data collected lead to technically sound, statistically valid, and

properly documented conclusions.

2.1  Field Operations
The overall objectives of the RI field sampling program are to:

] Collect environmental samples which best characterize soil, groundwater,
sediment, and surface water quality at AFP 59.

® Handle environmental samples in a manner which ensures their safe, predictable,
and timely delivery to a laboratory for analysis.

It is the responsibility of the Project Manager to verify that all fieldwork conducted during the
RI complies with the procedures outlined in this FSP.

Fieldwork will be conducted in two phases. Phase I is scheduled to start in July 1994 and Phase
II in Qctober 1994,

Phase 1

. Collect soil and groundwater samples using the direct push sampling method, and
analyze for VOCs using an onsite mobile laboratory equipped with a GC.

L Collect grab samples of groundwater from existing monitoring wells and analyze

CT NN LIPS, T P PR

for VOCs at an onsite mobile laboratory.

® Obtain synoptic round of water level measurements from accessible, existing
wells.
Phase I1
L Perform an aquifer pumping test using the onsite production well and existing

monitoring wells.

2-1
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monitoring wells.

® Collect surface water and sediment samples from Little Choconut Creek for
chemical analysis.

. Survey the locations and elevations of the new monitoring wells, soil borings, and
surface water and sediment sampling locations.

2.1.1 Site Reconnaissance, Preparation, and Restoration Procedures

Prior to subsurface sampling, a geophysical subsurface utility clearance survey will be conducted
(see Section 2.1.2). Earth Tech personnel performing the geophysical survey will be assisted
through the use of utility maps provided by AFP 59 personnel. All underground utilities will
be marked, and the locations of all subsurface sampling locations will be marked with pin flags

i tha Harth Tanh Dirniast
or spray paint. All subsurface sampling locations will be approved by the Earth Tech Project

Manager as well as the AFCEE RTC, ASC RPM, and AFP 59 point-of-contact (POC) before
sampling activities are begun.

Fieldwork associated with the RI will be coordinated with the AFP 59 POC to minimize
h

disruption of plant activities during the fieldwork. AFP 59 will provid

AL R AL AL WA ARALIL QAT ALV Wlillilp v LIVAUTYY VR

for the completion of the fieldwork.
(1)  Assist Earth Tech in locating underground utilities by providing site utility maps.

(2) Approve a location for

B
g
E
<
g

(3)  Approve accumulation points at AFP 59 where containerized decontamination
fluids, drill cuttings, and development/purge water can be stored prior to
disposal.

(4)  Provide Earth Tech with existing engineering plans, drawings, diagrams, aerial
photographs, etc. necessary to complete the RI.

(5)  Prior to initiation of fieldwork, arrange for the following to support Earth Tech
field personnel and subcontractors,
L Personnel identification badges, vehicle passes, and/or entry permits
] A secure staging area for storing equipment and supplies
® A sufficient potable water supply.

0466.52 2“2
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All downhole drilling tools (drill bits and rods, augers, etc.) and equipment will be
decontaminated before drilling each new borehole. Decontamination activities will follow the
procedures outlined in Section 2.1.11.

Emergency equipment (fire extinguishers, personal safety equipment, etc.) will be kept in plain
view where fieldwork is being conducted. In addition, work crews may be equipped with a
mobile telephone that allows them to quickly alert security and the appropriate emergency
services should their assistance be required.

One of the objectives of the RI fieldwork at AFP 59 is to leave the site essentially as it was
before the beginning of the RI, except for the physical addition of monitoring wells and guard
posts. Drill cuttings, unused monitoring well construction materials, stakes, flagging, etc. will
be removed after drilling the borings and installing and developing the monitoring wells. It is
anticipated that vegetation will not be disturbed or the erosion potential increased as a result of
the fieldwork. Any necessary restoration will be completed in close coordination with the AFP
59 POC to ensure that all operations are in accordance with the overall management of the plant.

2.1.2 Subsurface Utility Clearance Surveys

Prior to sampling subsurface locations at AFP 59, Earth Tech will conduct a geophysical
clearance survey to determine the locations of underground utilities or other ohjects buried
beneath the ground surface. The geophysical methods used for the clearance will be
electromagnetic imaging (EMI), ground penetrating radar (GPR), and magnetic profiling. Site
utility maps will be used in conjunction with these three methods to locate buried utilities.
These complimentary techniques will be used because underground utilities are made of many
different materials (ferrous steel, aluminum, polyvinyl chloride, and ceramic). EMI profiling
can detect changes in electrical properties due to changes in soil conductivity related to changing
soil types, groundwater, or anthropogenic metal objects. EMI has an effective penetration depth
of approximately 8 feet. GPR responds to changes in dielectric properties and is usually
effective to approximately 10 feet. Magnetic profiling can detect steel and iron objects and has
an effective penetration depth of approximately 10 feet.

The EMI, GPR, and magnetic profiling instruments are calibrated once by the factory and
maintained according to manufaciurers’ specifications. Each instrument has buiii-in functional
tests which will be performed daily and the results will be documented. If the instruments are
not functioning properly, they will be sent to the manufacturer for repair and recalibration. Any
data recorded with a possibly malfunctioning instrument will be remeasured.

Any underground utilities detected during the geophysical clearance survey will be marked in
paint. Subsurface sampling locations will also be marked with spray paint or with a pin flag.
Sampling locations will be mapped along with all utilities and anamolies.

2.1.3 Direct Push Soil and Groundwater Sampling

As part of the first phase of the field investigation, Target Environmental Services Inc. will
perform direct push sampling of soil and groundwater at AFP 59. Soil and groundwater samples
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These samples will be collected along drains, next to the plating room, near the reservoir, and
along the perimeter of the plant. In general, the sampling grid is more closely spaced in areas
where the greatest data resolution is required. The sampling grid can be modified in the field
as data are acquired.

Soil samples will be collected by hydraulically driving a 1.25-inch diameter, 2-foot long piston-
type sampler to the top of the desired sampling interval. The piston inside the drive rod will
then be released, allowing movement of the piston within the rod and the collection of soil into
a non-reactive plastic (acetate) liner. The drive rod will then be pushed through a 2-foot soil

1 i 1 Th A A A i1l thon o mome s
interval, allowing soil to enter the sampler. The sampler and drive rod will then be removed

from the soil and the liner containing the sample will be removed from the sampler.

To collect a groundwater sample, the drive rods will be removed and replaced with a 0.5-inch
diameter PVC pipe with either a 5 or 10 foot slotted screen to allow groundwater to enter from

i MNo~tad orith tainlaca otnnl
the water-saturated zone. The groundwater sample will then be collected with a stainless steel

mini-bailer lowered through the PVC. If the hole collapses prior to inserting the PVC, or if
direct push refusal is encountered prior to reaching groundwater, then another method of
sampling will be performed. A new hole will be driven with an expendable point attached to the
1.25-inch pipe. The pipe and tip will be driven to the desired depth, and the pipe will be raised

back off of the f‘lﬂ a fPW inches, '!'hle will allow gml‘}ndvvrater to enter the pipc The

groundwater will then be collected with a stainless steel mini-bailer lowered through the pipe.
Section 2.2.1.1 provides a more detailed description of the direct push sampling procedures.

At each location, soil samples will be collected every 5 feet until groundwater is reached

(annrnxnmnfslv 15-20 feet hcc\ Prior to cannine and storine each samnle a nortion of the soil
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w111 be placed in a jar, allowed a minimum of fifteen minutes for contaminant volatilization, and
used for headspace analysis. An Earth Tech ficld member will use an HNu-brand
photoionization detector (PID) equipped with an 11.7 eV lamp to screen each sample for organic

vapors. The sample liners containing the soil will be capped and stored on ice in a cooler at
4°C. The soil samnle at each location with the hiehest PIT) rmrhqo will he nnnlwmd at the nncite

S5 WSS SISV A WAAMAL ANSNRSAN R Tis LAY LAAEAAWAUIL A AL BWRAMLLL AL ML WAL ALW

laboratory for VOCs. If none of the samples from a location have elevated PID readings, the
sample closest to the groundwater table will be analyzed onsite for VOCs. Additional soil
samples may be analyzed onsite depending on the capacity of the mobile laboratory. Based on
the results of the onsite analysis, soil samples (which were retained and maintained at 4°C) will
be sent to a fixed laboratorv for confirmation and quantification of VOCs. These soil samples

¥ ORRAIES A S SAARMAS RRSAILSISSSNLJ AN W B N B AA WS AR SR A PVRLAL AL AWRA AW LA WA A ARW W WJWAR ARl }JJUU
will be analyzed by Method SW§260. In addition, apprommately 10 percent of the soil samples
will be sent to a fixed laboratory for metals analysis. The soil samples chosen for metals
analysis will be background samples and samples from arcas where metals contamination is

suspected based on previous investigations.

At each sampling location, a groundwater sample will be collected from the shallow water-
bearing zone and analyzed onsite for VOCs. Grab samples of existing onsite and offsite
monitoring wells will also be collected at this time and analyzed onsite for VOCs. Two split
groundwater samples will be sent to an offsite fixed laboratory for VOC analysis by Method
SW8260: one sample from a location estimated to have a high concentration of VOCs and one
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sample from a location estimated to have a low concentration of VOCs. The split sample
groundwater analysis will provide a comparison of the onsite mobile laboratory results to those
of the fixed laboratory. This

will provide an indication of the accuracy of the onsite mobile laboratory and the limits of the
sampling protocol.

As part of the direct push sampling QA/QC procedures, Target will decontaminate all equipment
prior to the first sampling and between each sampling location thereafter. Decontamination of
the sampling equipment will consist of washing with a mild soap (Alconox™) and water, rinsing
with distilled water under high pressure, rinsing with ASTM Type II water, and finally rinsing
with methanol and hexane. All equipment will be thoroughly dried prior to inserting a clean
acetate liner in the sampler.

2.1.4 Borehole Construction, Lithologic Sampling, and Logging

During the second phase of the investigation, four monitoring well clusters will be installed
consisting of a shallow monitoring well screened in the outwash deposits (shallow zone of the
aquifer) and a deep monitoring well screened in the ice-contact deposits (deep zone of the
aguifer). In addition to the shallow and deep wells, intermediate monitoring wells will be
installed at locations where fine-grained deposits (glacial lakebed or fine-grained ice-contact
deposits) are encountered which may impede vertical groundwater flow. Proposed locations of
monitoring wells are shown in Figure 2-2. Proposed monitoring well locations are based on the
results of the direct push sampling conducted during the first phase of the field program.

Two drilling methods will be used to drill monitoring well boreholes during the RI: hollow-stem
auger (HSA) and drive and wash. The drilling, sampling and well construction activities will
be conducted in the following sequential order at each location.

1) A pilot hole at the deep monitoring well borehole location will be drilled with 4.25-inch
or 6.25-inch inside diameter (1.D.) HSAs, The pilot hole will be continuously sampled
using a 5-foot long, 3-inch diameter continuous tube sampler until fine-grained deposits
(glacial lakebed or fine-grained ice-contact deposits) are encountered. Soil samples from
the pilot boreholes will be collected to characterize the stratigraphy only; no samples will
be collected for chemical analysis.

2) Surface casing will be set in the upper portion of the deep monitoring well borehole to
prevent cross-contamination between the upper and lower zones of the aquifer. The
augers will be pulled from the pilot hole, and surface casing will be set by drilling to the
known depth of the fine-grained deposits with 10.25-inch I.D., 14.25-inch O.D. HSAs.
The surface casing will be constructed of 8-inch diameter PVC and set approximately 2
feet into the fine-grained deposits. The casing will be grouted with a Portiand
cement/bentonite grout and allowed to set for a minimum of 24 hours.

3) The deep portion of the deep monitoring well borehole will be drilled through the surface
casing, after allowing the grout to set, using rotary wash and temporary 6-inch steel
driven casing until bedrock is encountered, approximately 90 to 100 feet bgs. The
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subsurface geology will be characterized by logging the drill cuttings only; no soil
sampling will be conducted. Bedrock will be confirmed by coring 2 feet into competent
rock. The monitoring well will be completed on top of bedrock as described in Section
2.1.5.

If, during drilling of the pilot hole, the fine-grained deposits are not encountered by a
predetermined depth estimated from existing information (i.e., existing well logs,
borehole geophysics), continuous sampling will cease, and the pilot augers will be pulled
from the borehole. The deep monitoring well borehole will then be completed to
bedrock using drive and wash techniques, during which drill cuttings from the deep zone

~F tha 3Fa rall o A M~ I ora
O uie aguiisi Wiu oC xﬁggeu No surface casing will be necessary if the fine-grained

deposits are not encountered. The deep monitoring well will then be completed as
described in Section 2.1.5. No intermediate monitoring well will be constructed at
locations where fine-grained deposits are absent.

The intermediate (when fine-grained deposits are present) and shallow monitoring wells
will be drilled and constructed adjacent to the deep monitoring well borehole. The
intermediate monitoring well boreholes will be drilled with 6.25-inch I.D., 8.25-inch
O.D. HSAs. No soil sampling will be conducted during the drilling of the intermediate
monitoring well boreholes (since continuous soil samples will have been obtained from
the pilot borehole) until the depth of the fine-grained deposits, as determined in the pilot
borehole, is approached. When within 5 feet of the fine-grained deposits, continuous
split-spoon sampling will be conducted to accurately define the upper surface of the fine-
grained deposits. Total depth of the intermediate monitoring well will be approximately
2 feet into the top of the fine-grained deposits (approximately 40 to 50 feet bgs).
Intermediate monitoring well completion details are described in Section 2.1.5.

The shallow monitoring wells will be drilled with 6.25-inch I.D., 8.25-inch O.D. HSAs.
Sampling for chemical analysis will be conducted above the water table at 5-foot intervals
using 5-foot long, 3-inch diameter split-spoon samplers with brass liners. No sampling
will take place below the water table since continuous soil samples will have been
obtained from the pilot borehole for lithology. Total depth of the shallow monitoring
wells will be approximately 10 feet below the water table (approximately 30 feet bgs).
Shallow monitoring well completion details are described in Section 2.1.5.

Twelve additional boreholes will be drilled in areas requiring further analytical and/or lithologic
characterization. Split-spoon (3-inch diameter) soil samples will be collected in brass liners at
5-foot intervals above the water table. No sampling will be conducted below the water table.
Upon compietion, each borehole will be grouted io the surface wiih a grout slurry consisting of
a mixture of one 94-pound sack of Type I Portland cement, not more then 4 pounds of 100
percent sodium bentonite powder, and riot more than 8 gallons of potable water. Grouting will
be done while the augers are being removed and will be tremied from the bottom of the borehole
to the ground surface.

All soil cuttings generated during drilling will be handled as described in Section 2.1.12.
Subsurface soil sample collection procedures are described in detail in Section 2.2.1.2, All

0456.52

2-11




o
downhole drilling equipment will be decontaminat

following procedures described in Section 2.1. 11 Well completion details are described in
Section 2.1.5. Each borehole location will be permanently marked with a stamped metal bar
identifying the boring number, and the location will be recorded on a project map.

o h naw drilling loe
before moving (o each new drilling location

tn ha 1 A At Avilliones an
One water sample from the onsite source of potable water to be used during drilling activities

will be sent to an AFCEE-approved laboratory for the following chemical analyses: VQCs,
SVQCs, pesticides/PCBs, ICP metals, arsenic, lead, mercury, selenium, thallium, cyanide, and
hardness.

cqys . . PR 1~ £,
Drilling records will be kept in the daily field logbosk for the program and on logs for each

borehole (see Figure 2-3). The items to be included in the daily field logbook are described in
Section 2.5, Record Keeping,

Ambient air will be monitored during all drilling and sampling activities. An OVA using a FID

tinne nf tntal alatila Aroan
or an HNu using 2 PID will be used to monitor concentrations of total volatile organic

compounds in the breathing space at worker chest level and down the borehole immediately
below the ground surface. Air monitoring concentrations will be recorded in the remarks
column on the borehole logs. If ambient air concentrations exceed those specified in the Site
Health and Safety Plan, drilling will be stopped and appropriate action taken according to the

anidelines actahliched in the Qite Health and Qafatu DPlan.

SUIUVILILG VOLAULISUNAL L1 WiV Jibe JAuAUL Gl Dl y

The Field Task Manager will supervise drilling, soil sampling, and the installation and
development of monitoring wells during the RI. The State of New York does not currently have
a state-licensing program for geologists.

The following information will be recorded in the logbook and/or on the borehole log for each
boring.

Boring or well identification (a unique identification)
Purnose of borine (e. g goil :mmnhno- well installation)

e e LRSS vy SRoas Dllaaips WAL anidnanEiansaly

Locatlon in refcrence to identifiable landmarks

Names and affiliations of driller and logger

Start and finish dates and times

Drilling method

Types of drilling fluids and depths at which they were used

w71 AL RRRARR poeesd QS WRLILAL LAY R oL

Dlametcrs of surface casing, casing type, and methods of installation of any wells
Depth at which saturated conditions were first encountered

Lithologic descriptions and depths of boundaries

Depths of sampling intervals

Zones of caving or heaving

Depth at which any drilling fluid was lost and volume lost
Drilling rate and observations,

l}\lb
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Projcet Name:

Projeci Number:

! Shect Lol ____

Borehole Location:

Elevalion and Datui®

Drilling Company: l Driller: Date Started: 1 Dute Finished:
Drilling Equipm ent: Teial Depth (fect):
Drilling Methad: Borehole Diemeter: Amblent OVA:
Drliting Fluld: Depth to Waler (feet) First: Completed::
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2.1.5 Monitoring Well Construction and Development

Monitoring well installation will include monitoring well construction and development, and
wellhead completion. These procedures follow methods described in the Handbook for the
Installation Restoration Program (IRP) Remedial Investigations and Feasibility Studies (the

~Handbook) (USAF, 1993) and the RCRA Ground-Water Monitoring Technical Enforcement

Guidance Document (USEPA, 1986) and are described below. A Monitoring Well Construction
Log (Figure 2-4) and a Monitoring Well Development Log (Figure 2-5) will be completed for
each monitoring well installed during the RI. Well construction activities will be summarized
in the field logbook, and any changes from the planned well construction will be noted.
Lithologic symbols on the well completion diagrams will correspond to the descriptions on the

borehole logs. The well completion logs will include the following information.

. Well identification (identical to the boring identification on the associated
borehole log)

Drilling method

Installation date

Elevations of ground surface and notched measuring point (to be added upon
completion of geodetic survey)

Total boring depth

Lengths, depths, and descriptions of screen and casing

Depths and descriptions of filter pack, bentonite seal, and grout

Elevation of water before and immediately after development.

2.1.5.1 Monitoring Well Construction. Monitoring wells will be installed in clusters consisting
of a shallow well screened in the outwash deposits and a deep well screened in the ice-contact
deposits. Intermediate monitoring wells will also be installed if fine-grained glacial lakebed
deposits or fine-grained ice-contact deposits are encountered, and will be screened on top of the
fine-grained deposits in the outwash deposits. Deep wells will be double-cased in each location
where fine-grained deposits are encountered to avoid cross-contamination between the upper and
lower zones of the aquifer. If the lakebed deposits are absent, no double casing of the deep
wells will be necessary. Shallow and intermediate monitoring wells installed in the shallow zone
of the aquifer will be drilled with HSA techniques as described in Section 2.1.4. Monitoring
wells installed in the deep zone of the aquifer will be drilled with drive and wash techniques
described in Section 2.1.4. Typical monitoring well construction diagrams for the shallow and
intermediate wells, and the deep wells are provided in Figures 2-6 and 2-7, respectively.

Surface Casing. For deep monitoring wells which intersect fine-grained deposits, surface casing
will be set from the ground surface to 2 feet below the top of the fine-grained deposits to prevent
cross-contamination between the upper and lower zones of the aquifer. The upper portions of
the deep monitoring well borings will be drilled with 10.25-inch 1.D., 14.25-inch O.D. HSA.
The surface casing will be constructed of 8-inch diameter PVC. Portland cement grout will be
pumped through a rigid, side-discharging tremie pipe between the surface casing and the HSA.
At a minimum, 10 feet of grout will remain within the HSAs. Therefore, 20 feet of grout will
be emplaced within the augers prior to removing 10 feet of auger flight. The grout will be
pumped until 20 percent of the grout has returned to the surface. The tremie pipe and the
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remainder of the hollow-stem augers will then be removed, and additional grout will be
emplaced to compensate for the volume of removed augers. The grout will be allowed to cure
for a minimum of 24 hours. The length and diameter of the surface casing, casing type, and
method of installation will be recorded in the logbook and on the monitoring well completion
form for each well.

Monitoring Well Casing/Screen. During monitoring well installation, casing and screen will
be suspended such that it does not rest on the bottom of the borehole. The casing will be
straight and plumb within 3 degrees of vertical. The inside diameter of the HSAs or drive
casing will be at least 4 inches larger than the outside diameter of the casing and well screen.
As described below, filter pack, bentonite seal, and Type I Portland cement/bentonite grout will
then be emplaced in the annulus between the borehole wall and casing/screen as the augers or
drive casing are withdrawn.

The shallow monitoring wells will be constructed of new and unused 2-inch diameter, Schedule
40 PVC casing and screen. The surface casing for the deep monitoring wells will be constructed
of 8-inch diameter PVC, and the inner casing and screen will be constructed of new and unused
2-inch diameter, Schedule 40 PVC. Filter pack and well screen design will be based on the
results of field sieve analyses (see Appendices B and D). The particle size of the filter pack will
be four to six times the 70 percent retained grain size of the formation material (USEPA,
1991b). The screen slot will be sized to prevent 90 percent of the filter pack from entering the
well. All screens will be factory slotted. Based on an analysis of data from the installation of
existing monitoring wells, anticipated screen slot sizes are 0.0l-inches. Stainless steel
centralizers will be placed at the top and bottom of the screened interval and at 20 foot intervals
thereafier for deep monitoring wells (greater than 50 feet). The PVC casing and screen will
conform to ASTM Standard F-480-88A or National Sanitation Foundation Standard 14 (Plastic
Pipe System). Fifteen feet of screen will be installed in the shallow monitoring wells, ten feet
of screen in the intermediate monitoring wells, and twenty feet of screen in the deep monitoring
wells. Casing and screen joints will be flush threaded. No glue-connected fittings will be used
in order to prevent introduction of contaminants into the monitoring wells. The bottom of the
screen will be capped using a threaded PVC end cap. All monitoring well components (i.e.,
PVC casing, screen, and end caps) will be steam-cleaned and kept covered before lowering into
the borehole.

Filter Pack. Once the monitoring well casing is in place, filter pack will be added to stabilize
the borehole wall adjacent to the screened interval. Only washed and bagged, rounded silica
sand with a grain size distribution compatible with the screen and formation will be utilized
(Driscoll, 1986). The sand will be clean, inert, and well-rounded, and will contain less than 2
percent flat particles. The sand will be certified free of contaminants by the supplier. Sand will
be emplaced between the monitoring well casing and the HSAs or drive casing with a tremie
pipe which is at least 12 inches in diameter. The tremie pipe will be lifted from the bottom of
the borehole at the same rate as the filter pack is set. The filter pack will extend from the
bottom of the borehole to a minimum of 2 feet above the screen. The top of the filter pack will
be periodically measured using a decontaminated steel tape to verify its depth during placement.
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After the filter pack is emplaced, the monitoring well will be surged with a surge block for 10
minutes. Additional filter pack will then be added as required to return the level of the filter
pack to the correct level above the top of the screen. The monitoring well will be surged for
another 5 minutes. Additional filter pack will be added as required to return the level of the
filter pack to the correct level above the top of the screen. Potable water may be added during
filter pack emplacement if necessary to break bridges. The site geologist will record the
beginning and ending times of filter pack emplacement, measured depths of filter pack, amount
of sand used, amount of any water used, beginning and ending times of monitoring well surging,
and any problems that arise. The geologist will also record the type of material used for the
filter pack, including: trade name, source, supplier, and typical grain size distribution. A
sample of filter pack will be collected and archived as part of the project files.

Bentonite Seal. A bentonite seal of at least a 2-foot vertical thickness will be emplaced in the
annular space above the filter pack to separate the permeable zone from the cement surface seal.
The bentonite used for the seal will be 100 percent sodium bentonite. The bentonite will be
hydrated before placement and then pump tremied into the annular space between the monitoring
well casing and the HSAs or drive casing. The bentonite slurry will be thick enough to prevent
significant penetration into the underlying filter pack or a loss of integrity when the cement grout
is emplaced above it. The geologist will record the beginning and ending times of the bentonite
seal emplacement, the measured interval of the seal, the amount of bentonite used, and any
problems that arise. The type of bentonite and the supplier will also be recorded. A sample of
the bentonite will be collected and archived as part of the project files.

Cement Grout. The cement grout will consist of a 94 pound bag of Type I Portland cement
or American Petroleum Institute Class A cement, not more than 4 pounds of 100 percent sodium
bentonite powder, plus 8 gallons of potable water. The mixture will be prepared in an above-
ground mixer and mechanically blended onsite to produce a lnmp-free product. At a minimum,
10 feet of grout will remain within the HSAs or drive casing. Therefore, 20 feet of grout will
be emplaced within the drill rods prior to removing each 10 foot section. The grout will be
pumped through a side-discharging tremie pipe which will be placed just above the top of the
bentonite seal. The grout will be pumped until 20 percent of the grout has returned to the
surface. If the bentonite seal is within 30 feet of the surface, the 20 percent grout return is not
required; the tremie pipe will be pulled back as the grout is emplaced. The tremie pipe and the
remainder of the HSAs or drive casing will then be removed, and additional grout will be added
to compensate for the volume of the removed augers and drill rods.

After the grout has completely set, depressions due to settlement will be filled using a grout
mixture prepared as described previously. The beginning and ending times of the cement grout
emplacement, the grouted interval, the amount of cement grout used, the proportions used to
prepare the cement grout (gallons of water per bag of cement and the cement/bentonite ratio),
and any problems that arose during grouting will be recorded on the Monitoring Well
Construction Log and in the field logbook.

Surface Completion. The type of surface completion required will be coordinated with the AFP
59 POC. For surface completions flush with the land surface, the PVC well casing will be cut
approximately 3 inches below the land surface and will be capped with a ventilated, water-tight
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cap to prevent surface water from entering the monitoring well. A freely draining valve box
will be placed over the well casing and positioned so that the top of the casing is at least 1 foot
above the bottom of the box. The valve lid will be centered in a 3-foot diameter, 4-inch thick
concrete pad that slopes away from the box.

If an above-grade completion is used, the well casing will be cut 2 to 3 feet above the land
surface and capped with a ventilated, water-tight cap. After the grout has partially set, a vented,
5-foot length of steel protective casing will be emplaced in the grout. This protective casing will
extend approximately 2.5 feet bgs and the diameter will be at least 6 inches greater than the
diameter of the well casing. The protective casing will be seated in a 3-foot by 3-foot by 4-inch
thick concrete surface pad. The concrete pad will be reinforced with steel reinforcing bars at
least % inches in diameter, and will be graded to slope away from the monitoring well. The
protective casing will include a lockable, hinged cap.

For monitoring wells which are located in heavy traffic areas, each monitoring well will be
protected with three metal guard posts. The guard posts will be 3 inches in diameter and 5 feet
in total length. The guard posts will be installed outside of the concrete pad and will be set 2
feet into the ground and filled with concrete.

The identity of each monitoring well will be clearly marked on the monitoring well protective
casing and the well casing cap using paint and/or impact numbering. A notch will be cut in the
top of each well casing; the elevation of this notch will later be surveyed and used as a
measuring point for water levels. All wells will be padlocked for protection with corrosion-
resistant locks as soon as possible after completion. The locks for each monitoring well will be
keyed-alike, and keyed to match existing monitoring well locks at the site. The key will be
provided to the AFP 59 POC upon completion of the field program.

2.1.5.2 Monitoring Well Development. Monitoring well development is the process by which
the aquifer’s hydraulic conductivity is restored by removing drilling fluids, solids and/or other
mobile particulate matter from the monitoring well. All monitoring wells installed during the
investigation will be developed no sooner than 24 hours after installation to allow for monitoring
well grout curing. No sediment will remain in the bottom of the well after well development
is complete. All development equipment will be decontaminated according to the procedures
outlined in Section 2.1.11. All development activity will be recorded on the Monitoring Well
Development Log illustrated in Figure 2-5. Water color and volume will also be documented.

Surging and overpumping will be used to remove fines from the screened portion of the
monitoring well. A close-fitting surge block will be used to surge the well screen. Surging is
performed by moving a surge block up and down in the monitoring well in 2 manner similar to
a piston in a cylinder. The screen will be surged in 5-foot sections using 10 to 20 up/down
cycles per section. A high-volume pump will be lowered into the well after surging is completed
to remove water from the monitoring well. The pump must be rated to achieve the desired yield-
at a given depth. The pump system should include:

(1) A check valve to prevent water from running back into the monitoring well when
the pump is shut off.
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2) Flexible discharge hose.

(3)  Safety cable or rope to remove the pump from the monitoring well.

(490  Flow nieter system (measuring bucket or inline flow meter).

5) Electric generator.
The pump will be used to remove a minimum of three times the well bore volume (WBV). The
WBYV is defined as the combined volume of water in the well and the saturated filter pack. The

following calculation will be used to determine the WBV for each well.

4} Calculate the volume of water in the casing (Volume A). Measure the total depth
of the monitoring well (TD) and depth to water (DTW). :

Volume A = (TD - DTW) * ¢
where c is the conversion factor to gallons based on casing diameter; ¢ =
0.163 for a 2-inch I.D. casing.

2) Calculate the volume of the saturated portion of the borehole (Volume B).
Measure the total depth of the borehole (TDB) and DTW.

Volume B = (TDB - DTW) * d
where d is the conversion factor to gallons based on borehole diameter,
d = 4.08 for a 10-inch dia.meter borehole.

3 Calculate the volume of the saturated granulated filter pack (Volume C).

Volume C = (Volume B - Volume A) * 0.30
where 0.30 is the assumed porosity of the granulated filter pack.

@) Calculate the WBV,
WBV = Volume A + Volume C
The temperature, pH, specific conductance, suspended sediment, and turbidity will be measured
after each WBYV has been removed using a calibrated temperature/pH/conductivity meter, Imhoff
cone, and turbidity meter.

The monitoring well will be considered developed when:

(1) The suspended sediment content is < 0.75 mL/L as measured in an Imhoff cone
according to method E160.5;
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2) Temperature, pH, and specific conductance are stable (temperature + 1°C, pH
+ 0.1 units, specific conductance + 5 percent of the previous reading);

(3)  Turbidity readings remain within a 10 NTU range for at least 30 minutes; and
) At a minimum, three WBVs have been removed.

If these conditions are not met, then purging will continue until six WBVs have been removed
or parameters have stabilized, whichever comes first. If the development criteria are still not
met, then the AFCEE RTC will be contacted for guidance. Well development water will be

honAlad ae Ascrmhad in Cants on 7117
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2.1.6 Water Level Measurements

A synoptic round of water level measurements will be obtained from all new and existing
monitoring wells following completion of well installation, sampling, and aquifer testing..
Measurements will be recorded as feet below the measuring point elevation to the nearest 0.01
foot, and will be referenced to MSL. The measurements will be taken within as short a time
period as practical so that water levels are representative of a given period. Any conditions that
might affect the water levels (i.e., pumping wells) will be recorded in the logbooks. An
example of a Water Level Measurement Form is shown in Figure 2-8. Groundwater contour
maps of the area will be developed based on the water level elevations recorded. Static water
level measurements will also be obtained each time a well is sampled, before any equipment
enters the well, and prior to any well purging activities.

The procedures for measuring water levels are based on procedures described in the RCRA
Groundwater Monitoring Technical Enforcement Guidance Document (USEPA, 1986b), and are
as follows.

1. Remove the locking and protective caps. Allow time for equalization of pressures
after cap is removed and prior to water level measurement.

2. Sample the air in the well head for the presence of organic vapors using either an
OVA or HNu.

3. Conduct a visual (mirror) survey of the well.

4. Determine the static water level depth from the top of the inside well casing
\Sijr‘ve‘)i(w ﬁ]e&Suﬁﬁg pOu‘u) io the nearesi 0.01 foot usmg an eleciric waier level
meter.

5. Measure the total depth of the well.

Monitoring the air above the well head will indicate toxic potential for workers. Action levels
are listed in the Site Health and Safety Plan. The air monitoring may also indicate the presence
of immiscible layers. The electric water level meter will be used to measure the static water
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level depth if no immiscible layers are suspected. If immiscible layers are suspected, an
interface probe will be lowered down the well to measure both the static water level and light
or heavy immiscible layers. The interface probe will first measure the air/floater interface and
the floater/water interface to establish the thickness of the floater layer. The probe can then be
lowered to the bottom of the intermediate and deep monitoring wells to register the presence of
free-phase "sinker" organic compounds.

The calibrated water level probes (i.e., electric water level meters and interface probes) will be
decontaminated before use in each well. Decontamination procedures will follow those for the
water sampling equipment as described in Section 2.1.11.

2.1.7 Agquifer Tests

A constant-rate pumping test will be conducted using the onsite production well as the pumping
well and existing onsite and offsite monitoring wells as observation wells. If there is sufficient
flow, Little Choconut Creek will also be monitored to determine possible communication
between the creek and the aquifer. The objective of the pumping test will be to provide
information on the hydraulic properties of the aquifer, the connection between the upper and
lower zones of the aquifer, the effect of pumping on Little Choconut Creek, and the potential
presence and extent of any semi-confining layers (glacial lakebed or fine-grained ice-contact
deposits). The basic procedures which will be utilized are described below.

(1) Measure the static water levels in all accessible onsite and offsite wells, and in Little
Choconut Creek (Figure 2-2). Stream gaging stations will be established to provide
surface water levels. Johnson City Municipal Well #2 is expected to be pumping during
the static water level measurements and the AFP 59 pumping test.

(2)  Begin pumping the onsite production well at the optimum discharge rate determined by
a review of plant usage of the well. Pump the production well at a constant rate
continuously until water levels in the production well and at least one observation well
are essentially at equilibrium, or for a maximum of 24 hours, whichever occurs first.
Water will be discharged to the plant’s non-contact cooling system as required for
production; excess water may be discharged to outfall 003. Discharge of the pump test
water will be coordinated with the NYSDEC.

(3)  Measure the drawdown at the intervals indicated on Table 2-1 for the pumping well and
Table 2-2 for the observation wells and stream gaging. Record the data on the Aquifer
Test Data Form (Figure 2-9). Pressure transducers will be installed in at least two well
pair locations, and water level measurements will be recorded with an electronic data
logger. The data logger will provide more accurate data and can measure water levels
at more frequent intervals. The water levels at all other locations will be measured
manually. :

(4) At the conclusion of the pumping test, turn the pump off and record the water level
recovery in the pumping and selected observation wells until the water levels have
reached their approximate initial static water levels, or for the same length of time the
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pumping test was conducted, whichever occurs first. Measurement i
will be the same as for drawdown.

There are several methods available for calculating aquifer properties using data from constant
rate discharge tests. The applicable method depends on the test duration, the conﬁning
conditions of the aquifer, the boundary conditions of the aquifer, and whether or not the
observation well data are used during the analysis. All pumping/recovery test water-level/time
data and all test analysis calculation sheets will be included in an appendix to the RI report.

2.1.8 Surface Water and Sediment Sampling

Five surface water and sediment sample pairs will be collected from Little Choconut Creek
during the RI. The field team will sample two background locations upstream of the facility:
one from the portion of the creek which flows along the eastern boundary of the plant, and one
from the area north of Main Street. The other three sample pairs will be collected at locations
which are downstream from QCutfalls 001, 002, and 003, respectively. The location downstream
of Qutfall 003 will be taken at the convergence of the creek and the Susquehanna River. Figure

2-2 shows the proposed locations of each surface water and sediment sample.

Surface water and sediment samples will be collected from the same location. Surface water
samples will be collected first to avoid excess suspended particies from the sediment sampling
operations. Samples will be collected at the downstream locations first and the upstream
locations last. Samples will be collected in areas of similar environment at all locations.
Samples will be collected from active portions of the creck, and from the side of the creek

nearest the plant.

Field team members will collect surface water in pre-cleaned containers and transfer that water
to laboratory-provided bottles. Preservatives will be added as appropriate for the analyses
requested. Sediment samples will be collected by scooping sediment at the sample location and
placing the sediment directly into the sample jars via a stainless steel scoop. Sediment sample
jars will be triple rinsed with the surface water from the appropriaie location prior to collecting
the sediment sample. If multiple aliquots are required, all aliquots (except VOA aliquot) will
be placed in a stainless steel bucket and mixed thoroughly before placement into sample
containers. Sediment samples will be collected 0-6 inches below the sediment-water interface.
Sediment VOA samplcs will be packed as full as possible. Replicates will be collected at the
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Temperature, pH, and specific conductance of the surface water will be measured and recorded
at each location. Typical surface water and sediment sampling forms are shown in Figures 2-10
and 2-11 respectively All sampling locations will be marked with a pin flag and surveyed upon
completion of the field program. All samipling equipment will be decontaminated prior to each

sampling activity as described in Section 2.1.11. The following additional information will be
documented in the logbook.

] Width, depth, and estimated flow rate of creek.

- Cuyof # A3 3 1
e Surface water conditions (e.g., floating debris).
0a66.52 2-37
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. Locations of discharge pipes, sewers, and/or tributaries.

Surface water and sediment sample collection procedures are described in detail in Sections
2.2.1.4 and 2.2.1.5, respectively.

2.1.9 Fish and Wildlife Impact Analysis

As part of the RI at AFP 59, Earth Tech will perform a Fish and Wildlife Impact Analysis under
the guidance of the NYSDEC Division of Fish and Wildlife (NYSDEC, 1991). The Fish and
Wildlife Impact Analysis is a stepwise process requiring decisions at a number of points in its

Aa Tha fix FT=R £ th
development. The five steps of the analysis include a Site Description, Contaminant-Specific

Impact Analysis, Ecological Effects of Remedial Alternatives, Implementation of Selected
Alternative in Design, and a Monitoring Program. A complete analysis may not include all five
steps, depending on whether or not certain criteria are met. The Fish and Wildlife Impact
Analysis for AFP 59 and the surrounding areas will at least be performed through Step IIB;

these steps are described below.

The main objectives of Step I are to: (1) identify if fish and wildlife resources that may be
affected by site-related contaminants are present or were present prior to contaminant
introduction; and (2) if resources are or were present, provide appropriate information for
designing a RI of these resources (NYSDEC, 1991). Step I of the analysis includes the creation
of a topographic map showing the location of the site and documented fish and wildlife
resources, habitats supporting endangered, threatened, or rare species, species of concemn,
regulated wetlands, wild and scenic rivers, significant coastal zone areas, streams, lakes, and
other major resources within 2 miles of the perimeter of the site. A covertype map will also be
drawn for the site and an area within 0.5 miles of the perimeter. The map will include major
vegetative communities including wetlands, aquatic habitats, NYSDEC Significant Habitats, and
areas of special concemn. A qualified biologist will perform the covertype identification during
Phase II of the RI. Step I of the analysis also includes: a description of fish and wildlife
resources; identification of the value of fish and wildlife resources; and identification of
applicable fish and wildlife regulatory criteria.

The objective of Step II is to determine the impacts of site-related contaminants on fish and
wildlife resources. From this step, the analysis should either demonstrate that impacts on
resources due to contamination are minimal or, if significant impacts exist, determine the
impacts of site-related contaminants on productivity and diversity of fish and wildlife resources
(NYSDEC, 1991). Within Step II, three more steps assess the impacts of site-related
contaminants to fish and wildlife resources; these include pathway analysis, criteria-specific
analysis, and analysis of toxicological effects. In the pathway analysis (Step IIA), fish and
wildlife resources, contaminants of concern, sources of contaminants, and potential pathways
of contaminant migration and exposure will be identified. If it is determined that potential
pathways are present, Step IIB will be completed. In Step IIB, the criteria-specific analysis,
impact is assessed by comparing contaminant levels with numerical criteria such as Applicable
or Relevant and Appropriate Requirements (ARARs); Standards, Criteria and Guidance (SCGs);
and To Be Considereds (TBCs). If contaminant levels are below criteria, impact on the resource
is considered minimal and additional analyses are not required. If levels are not below
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numerical criteria, an analysis of toxicological effects is required to demonstrate the degree of
impact. Toxicological impact will be assessed by determining the degree to which contaminants
affect the productivity of populations, communities, or ecosystems and the diversity of species
assemblages, communities, or entire ecosystems through direct toxicological and indirect
ecological effects (NYSDEC, 1991),

2.1.10 Surveying

A third order survey of sampling locations will be conducted by a certified land surveyor upon
completion of the field program. The ground surface elevation, top of casing elevation, and
location of all newly installed monitoring wells will be surveyed. Additional boreholes where
monitoring wells were not completed and surface water and sediment sampling locations will
also be surveyed.

An xy-coordinate system will be used to identify locations with the x-coordinate as the east-west
axis, and the y-coordinate as the north-south axis. All surveyed locations, benchmarks, and
permanent markers will be recorded on both unit-specific and facility maps. Horizontal locations
will be referenced to the New York State Plane Coordinate System and measured to the nearest
0.1 foot. Ground surface elevation will be referenced to mean sea level and measured to the
nearest 0.1 foot. The elevation of the top of the monitoring well casing will be surveyed from
a notch 1in the casing, referenced to mean sea level, and surveyed to the nearest 0.01 foot.

2.1.11 Equipment Decontamination

Decontamination will be performed at a location designated by the AFP 59 POC. The Field
Task Manager will be responsible for the supervision of all decontamination procedures.
Activities associated with decontamination procedures will be recorded on a Decontamination
Record (Figure 2-12). The drilling rig and associated equipment will be steam cleaned before
each borehole to prevent cross-contamination. At a minimum, drilling bits and drilling pipe will
be steam cleaned with a solution of potable water and Alconox™ and rinsed with potable water
after each monitoring well is installed. If visible dirt remains after steam cleaning, hand
brushing will be performed and the equipment steam cleaned and rinsed with potable water a
second time.

Soil sampling equipment (split-spoons, continuous tube samplers, etc.) and Teflon™ bailers used
for groundwater sampling will be decontaminated after every sample is collected using the
following method.

Wash with a solution of potable water and Alconox™

Rinse with potable water

Rinse with Type II reagent-grade water

Rinse with pesticide-grade methanol

Rinse with pesticide-grade hexane

Allow sampling equipment to air dry on a clean surface such as Teflon™,
stainless steel, or oil-free aluminum foil at least 2 feet above ground prior to

0466.52 2-44

- W WS W NS A e

- - - s N P




A . - R - Wy .

R D

Project Name

Project Number,

Rocorded By She,

Date Cheched By
Date,

Decoataminatlon aftor b pling polns

Bailer

Trowel

Hand
auger

Use key: GS - Groundwater Sampling, 5SS - Soil Sampling, WP - Well Purging

Comments (o.g., tnitisl decon, betweea which locations, or If lust decon for the day)

EARTH

)

T

= »| Figure 2-12

Decontamination

Record

2-45




4

- W ..

. - 5

further use. If the equipment is not to be used immediately, it will be wrapped
in oil-free aluminum foil and covered with a plastic bag for storage.

Sampling equipment will not be allowed to come in contact with any type of plastic since
samples will be analyzed for organic compounds.

Analytical data or manufacturer’s certification which verifies the quality of Type II reagent-grade
water will be provided with the analytical results. Solvents used to decontaminate sampling
equipment will be stored in glass or Teflon™ containers.

All PVC casing, screen, and end caps used in constructing the monitoring wells will be steam
cleaned and rinsed with potable water prior to being placed in the borehole. All monitoring well
development, purging, and groundwater sampling equipment and apparatus, including internal
components, will be thoroughly decontaminated prior to use and between monitoring well
locations to avoid cross-contamination. All decontamination information will be recorded on the
Decontamination Record (see Figure 2-12). Purging equipment, including bailers and pumps,
will be decontaminated by flushing/pumping an Alconox™.-water solution, potable water, then
ASTM Type II reagent-grade water through the components. The exterior of the pump inlet
hose will be steam cleaned. Sampling equipment that is not readily decontaminated will be
discarded after each use.

Decontamination fluids will be containerized in 55-gallon drums and transported to a temporary
storage area designated by the AFP 59 POC. Appropriate disposal will be the responsibility of
the Earth Tech waste management subcontractor (see Section 2.1.12).

2.1.12 Waste Handling

The following section describes the procedures for handling and disposing of waste gencrated
onsite during the field investigation. These wastes include: soil cuttings, monitoring well
development/purge water, equipment decontamination fluids, and disposable protective clothing
and supplies.

2.1.12.1 Soil Cuttings. Soil cuttings generated during drilling will be placed into labeled 53-
gallon drums. Drums will be transported to a location designated by the AFP 59 POC and
AFCEE RTC, and stored there pending laboratory characterization. Cuttings suspected of being
contaminated will be segregated to the greatest extent practical. The decision to segregate
cuttings will be based on elevated PID readings or obvious staining/discoloration of the cuttings.
Waste characterization and appropriate disposal of the generated soil cuttings will be the
responsibility of the Earth Tech waste management subcontractor. Due to contingencies and the
normal turnaround for laboratory analysis during waste characterization, it is expected that soil
cuttings and decontamination fluids will be stored 12-16 weeks before disposal.

2.1.12.2 Monitoring Well Development/Purge Water. Groundwater evacuated during
monitoring well development and purging will be discharged to the ground surface in an area
that is grass-covered. The groundwater will infiltrate into the ground and will not be discharged
at a rate which would allow drainage into the storm water system or the creek. If the ground
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accordance with all applicable regulations.

2.1.12.3 Disposable Protective Clothing and Supplies. A variety of wastes will be generated
as a result of sampling activities. These wastes include disposable clothing such as Tyvek,
gloves, rags used to wipe equipment, plastic sheeting, and aluminum foil. All disposable
protective clothing and supplies will be presumed hazardous and will be placed in 55-galion
drums and stored until field work is completed. All drums will be labeled and sealed. The label
will describe the contents and the date(s) of collection. Waste characterization and appropriate
disposal will be the responsibility of the Earth Tech waste management subcontractor.

2.1,.13 Summary of Field Activities

Table 2-3 summarizes the type and number of field activities to be performed during the RI.

b
)
&
<l

2.
2.2.1 Procedures

Detailed descriptions of the methods and procedures to be used for collecting environmental

anemelan AF s Aeernda o rzremda Py DS S x_ol. . .t

3anipics Or grounawaicr, surface waier, .'suu, and sediment are pIUVlﬂUU below. NlC[ﬂO(lDlOglCS

for collecting field QA/QC samples are also discussed.

2.2.1.1 Direct Push Soil and Groundwater Sampling. The procedures discussed below will
be followed in collecting direct push soil and groundwater samples during the first phase of the

field ulVl‘;bl.lgdLlU!l at AFP 59. lilrgct Environmental Services will be the subcontractor
performing the direct push sampling. The procedures for sampling are Target’s standard

operating procedures which comply with the project requirements.

Soil Sampling

(1)  Hydraulically drive a 1.25-inch diameter piston-type sampler to the top of the desired
sampling depth.

(2)  Release the piston within the bore sampler so that the core barrel is free to move.

(3)  Drive the sampler an additional 2 feet through the sampling interval to collect the soil
in a non-reactive plastic (acetate) liner.

4 Remove the drive rod and sampler. Remove the liner containing the soil sample.

(5) Cut a portion (approximately 3 inches) of the liner off of the 2-foot interval and place
some of the soil in a 4- ounce jar for a headspace reading. Allow at least 15 minutes for
the soil volatiles to collect in the headspace. Cap the two ends of the remaining liner,
making sure no headspace remains, and store on ice, at 4°C, in an insulated cooler.
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Groundwater

Collect 33 direct push groundwater samples
for onsite VOC analysis.

Drill and install monitoring well clusters at 4
locations. Clusters will consist of 1 shallow,
1 deep, and potentially 1 intermediate well.

Collect groundwater samples from existing
monitoring wells and screen onsite for
VQOCs.

Collect groundwater samples from all new
and existing monitoring wells onsite.
Analyze for VOCs, SVOCs, pesticides/PCBs,
metals, cyanide, and bhardness.

Take a synoptic round of water level
measurements.

Take a synoptic round of water level
measurements. Conduct an aquifer pumping
test.

Soil

Collect direct push soif samples from

o leprmn

it doee MY Tmmatiomn e
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onsite for VOCs.

Analyze select soil samples from the direct
push sampling at an offsite laboratory for
metals and VOCs.

Collect 3 soil samples from each shallow

mmmitasing wall haweae and cnil harina
MONnIWOring Wwoi. oOOnng ahnd S0 CONGE.

Analyze for VOCs, SVOCs, pesticides/PCBs,
metals, cyanide, percent moisture, and Total
Organic Carbon (TOC).

Surface Water

None.

Collect 5 surface water samples from Little
Choconut Creek. Analyze for VOCs,
SVOCs, pesticides/PCBs, metals, cyanide,
and hardness.

Sediment

None.

Collect 5 sediment samples from Little
Choconut Creek. Analyze for VOCs,
SVOCs, pesticides/PCBs, metals, cyanide,
percent moisture, and TOC.
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Using a PID, take a headspace reading from the soil sampu;: which was set aside. Record
the time, sample interval, and PID reading. Use the remaining soil to log the lithology
on a direct push log form and in the logbook.

eat steps 1 through 6 for each soil sample. Samples will be collected at 5 foot

r}fnnlnln il granndoratar o0 mannkhad fammeesiomndalss Lant Lol

intervals until groundwater is reached (approximately 15-20 feet Dgs).

Once all soil samples have been collected at a location, the sample with the highest PID
reading will be taken to the mobile laboratory for onsite analysis. If none of the samples
from a location have elevated PID readings, the sample closest to the groundwater table
a/ill ha analurad Ancita Ffar VOW o AAddidinen] cnsmrmlan e P, [ | P

Wil O€ anaiyzed onsite ror VOUs. Additional samples may be analyzed depending on

the capacity of the laboratory.

Based on onsite analytical results, some samples will be sent to an offsite laboratory for
VOC analysis to confirm the onsite screening results. If a sample is sent offsite for VOC

w -a Al rnsevtnsen A Of N i1l by walamad S 0 A i
ana}ysm, the soil which was retained and maintained at 4°C will be placed in a 4-ounce

jar. The sample jar will be tightly packed so that there is a minimum headspace. Label
the sample and document the sample on the COC form. If insufficient sample volume
remains in the original sample liner to allow the jar to be completely filled, the capped
liner will be sent directly to the laboratory; this will minimize volatilization due to excess

headspace.

Approximately 10 percent of the soil samples will be sent to an offsite laboratory for
metals analysis. Samples selected for metals analysis will be from background locations
and areas where metals contamination is suspected. To collect a metals sample, the soil

T, - r +h
will be transferred to an 8-ounce jar. Label the sample and document the sample on the

COC form.

Collect 10 percent replicates for onsite analysis and 10 percent replicates for offsite
analysis,

Coliect a matrix spike every twentieth sample for offsite analysis.

Groundwater Sampling. Once the soil samples have been collected at each location, a
groundwater sample will be collected.

()] After driving the rods and sampler into the saturated zone, remove and replace the rods
and sampler with a 0.5-inch diameter PVC pipe with a 5 or 10 foot screened interval to
allow groundwater to enter from the saturated zone.

(2)  Collect the groundwater sample with a stainless steel mini-bailer lowered through the
PVC pipe.

(3)  The groundwater sample will then be collected in a pre-preserved 40 mL vial. No
headspace will remain in the vial. The sample will be immediately taken to the onsite
laboratory for proper storage and VOC analysis. Offsite analysis of groundwater samples
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is not planned; however, two split groundwater sampies will be analyzed by method
SW8260 to compare the results from the fixed laboratory and the onsite mobile
laboratory. When collecting a groundwater sample for offsite, the sample should be
collected in three pre-preserved 40 mL vials.

—d

4) Collect 10 percent duplicates for onsite analysis.

It is anticipated that groundwater sampling following the above method may not be possible at
some locations due to either hole collapse prior to inserting the PVC or direct push refusal prior
to encountering groundwater. In these instances, the following method will be followed.

1) A new location will be driven adjacent to the original location with an expendable point
attached to the 1.25-inch diameter rods.

2) _After driving into the saturated zone, the rods will be raised back off of the expendable

LA oA e

pomt a few lIlC[lES a.uowmg grounuwater to enter the rods.

3) The groundwater sample will then be collected with a stainless steel mini-bailer lowered
through the rods and contained in a pre-preserved 40 mL vial. No headspace will remain
in the vial. The samples will be immediately taken to the onsite laboratory for proper

slumge d.IlU VUL dlldlyblb

2.2.1.2 Subsurface Soil Sampling. Ambient air will be monitored during all drilling and soil
sampling activities. A photoionization detector (PID) will be used to monitor volatile organic
compound vapors n; (1) the breathing space at worker chest level; (2) down the borehole or
monitoring well; and (3) in background locations. Air monitoring concentrations will be
recorded in the remarks column on the borehole logs. If ambient air concentrations exceed those
specified in the Health and Safety Plan, fieldwork will be stopped and action taken according
to contingencies in the Health and Safety Plan.

Two drilling methods will be used to drill monitoring well boreholes during the RI: HSA and
drive and wash. During the drilling of the deep monitoring well boreholes, soil samples will
be collected continuously with a continuous tube sampler for lithologic description from the
ground surface to the depth of the fine-grained deposits. After encountering the fine-grained
deposits, or the if fine-grained deposits are not encountered by the anticipated depth continuous
sampling will cease, and lithologies will be described through the logging of drill cuttings until
the total borehole depth is reached. Soil samples from the deep boreholes will be collected to
characterize the stratigraphy only; no samples will be collected for chemical analysis. During
the drilling of the shallow monitoring well boreholes, soil samples for potential chemical analysis
will be collected above the water table at 5-foot intervals using split-spoon sampling techniques

FAQTAL TITIE0AY AT 21 il A A A tha d=113 £ ¢ha e Aindn
{AD LI L71500j. INO SOL Sz'il“ﬂpxiﬂg Wwill oe conauctea uurmg the drilling of the intermediate

monitoring well boreholes, but cuttings will be logged.

A PID will be used to screen all soils during drilling. Soil samples from shallow monitoring
well boreholes and soil borings will be selected for chemical analysis based on field screening

'-nn‘-‘fn- r\fll\" l":(‘f‘ﬂll\ﬂ"‘:nl’l mne ﬂln\l"lfﬂf‘ hnoﬂnnonn "Qﬂf“;ﬂﬁo T‘F " K‘f\;l numr\lnn 'Frnm L] l\r\rn‘\n'n
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are identified for analysis based on the field screening results, the samples will be selected at

evenly spaced intervals from the ground surface to the water table. Up to three soil samples per
borehole will be selected for chemical analysis. The types of samples to be collected and the
proposed analytical methods are summarized in Section2.2.5. Recommended sample containers,
preservatives, and holding times for selected methods are provided in Section 2.2.2.1.

Split-Spoon Drive Sampling Techniques. A split-spoon sampling device will be used to collect
subsurface soil samples from the shallow monitoring well boreholes according to ASTM D1586.

1) The augers will be advanced to the desired depth and excess cuttings will be removed.

(2) A 24-inch long by 3-inch diameter split-spoon sampler will be attached to the sampling
rods and lowered into the borehole. The sampler will contain four, 6-inch long by 3-inch
diameter brass liners. The sampler will not be allowed to drop onto the soil being
sampled.

(3)  The hammer will be positioned above the sampler and the anvil will be attached to the
top of the sampling rods.

4) The dead weight of the sampler, rods, anvil, and drive weight will be rested on the

hottom of the borehgle and a seating blow will be annlied. If the sampler advances

aotiom Of 1N Dorengle ang a sealing piow v O IV SQUBIRINL GV alAs
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below the bottom of the boring under the static weight of the drill rods and the static
weight of the hammer, this information will be noted on the boring log. If excessive
cuttings are encountered at the bottom of the borehole, the sampler and sampling rods
will be removed, the excess cuttings will be removed, and the sampling procedure

fppeafpﬂ
(5)  The sampler will be driven 24 inches with blows from a 140-pound hammer dropped 30
inches. Blow counts will be recorded on the borehole log. If 50 blows are applied

during a 6-inch increment, the hammering will stop and the sampler will be brought to
the surface.

(6) The raising and dropping of the 140-pound hammer will be accomplished using either
of the following two methods.

® At

rip, automatic, or semiautomatic hammer drop syste
30 inches.

aligliS, 2t dliglly aalialdd AU

. A cathead to pull a rope attached to the hammer. The cathead will be essentially
free of rust, oil, or grease. For each hammer blow, a 30-inch lift and drop will
be employed by the operator. The operation of pulling and throwing the rope

will be performed rhythxmcally w1thout holding the rope at the top of the stroke

(7)  After driving the sampler to the desired depth, it will be brought to the surface and
opened. The percent recovery or the length of sample recovered will be recorded on the
borehole log.
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liners will be sealed at both ends using Teflon™ paper and covered with plastic end caps.
Labels will be affixed to sample liners bearing job designation, borehole number, sample
depth, sampler signature, and date. The samples will then be put in a plastic bag and
placed in an ice-filled cooler to be maintained at 4°C.

~
Q0
~

)] The third liner within the sample barrel or the sample in the shoe (if extraction is
difficult) will be extruded into a glass sample jar which will be covered with oil-free
aluminum foil and sealed with a Teflon™-lined lid and allowed to volatilize for
approximately 30 minutes. A headspace measurement will be taken from this sample for

ety ArsrrrrvmzaemAdn Trotes s
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(10) The sample in the remaining liner will be used for lithologic descriptions including
composition, color, stratification, and condition following the Unified Soil Classification
System (USCS).

Sample data will be recorded on the Borehole Log (Figure 2-3) and in the field logbook. Details
of data to be included on the logs, including lithologic descriptions, are discussed in Section 2.3.

Continuous Tube Sampling. A continuous tube sampler will be used during the drilling of the

ilat harahnl ¥, Aaor Tt 11 1 1 H
pilot boreholes for deep monitoring wells with HSA techniques. The continuous tube sampler

is a 5-foot long by 3-inch 1.D. split-spoon-like sampling device that is placed inside the hollow
stem augers and pushed into the soil as the augers are advanced, collecting a continuous soil
sample. It is exchanged for an empty sampler after the borchole is advanced 5 feet. The
continuous tube sampler will be used without the optional polycarbonate liner so that subsurface

M 1 h 1Tartard Af 1 1 ary 1
soil samples can be collected and/or examined from arbitrary depths {(¢.g., at prominent changes

in soil type). The continious tube sampler can provide a nearly continuous soil profile that
results in improved soil classification, It also helps to locate saturated zones, thus enabling the
appropriate screen length to be chosen when monitoring wells are being installed in the shallow
water-bearing zone.

2.2.1.3 Groundwater Sampling. The groundwater sampling program at AFP 59 will include
sampling all new and existing monitoring wells. Section 2.2.5 lists the total anticipated number
of samples to be collected for each sample type (e.g., environmental sample, duplicate), and the
types of analyses. Section 2.2.2 provides recommended sample containers, preservatives, and

halding fimac rn
holding times for the selected methods. Groundwater samples will be collected from the new

monitoring wells no sooner than three days following development. This will allow the
groundwater in the monitoring well to return to equilibrium conditions. Groundwater samples
will be collected in order from least likely contaminated monitoring well locations to most likely
contaminated monitoring well locations to lower the probability of cross-contamination.

Groundwater sampling methods (discussed below) follow procedures described in the Handbook

(USAF, 1993) and in the RCRA Groundwater Monitoring Technical Enforcement Guidance
Document (USEPA, 1986).

Static ' Groundwater Level Measurement. Groundwater elevations (static water level

elg\v;at an\ will he measured anrarding to the RCRA ("rnunrlnmrpf Manitaring Tachnical
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Enforcement Guidance Document (USEPA, 1986) at each monito

g well prior to sampling.
Additionally, a synoptic round of groundwater level measurements will be taken at all wells on

AFP 59 property at least once within a single 24-hour period.

When obtaining water level measurements, the depth to groundwater will be measured from a
clearly-marked reference point on the top of each monitoring well casing and recorded on a
Water Level Measurement Form similar to the one illustrated in Figure 2-8.  The depth-to-
groundwater measurements will be made with a battery-powered water level meter. The
measurements will be made by lowering the probe into the monitoring well until it contacts the
groundwater surface. The depth to groundwater will be measured to the nearest 0.01 foot from
the reference point on the top of the monitoring well casing. These measurements will be taken
at least twice for each monitoring well; the variation between the two measurements must be less
than 0.01 foot. The groundwater elevation is computed by subtracting this depth measurement
from the elevation of the reference point on the monitoring well casing. The elevation of this

reference point will be survey-established from a benchmark located at AFP 59.

The water level meter will be decontaminated prior to initial use and after each use following
procedures outlined in Section 2.1.11. The alarm function on the meter will be checked by
immersion in water. The length of tape is calibrated annually by manually checking against a
surveyor’s steel tape.

Monitoring Well Purging. The water standing in the monitoring well may not be representative
of in-situ groundwater quality. Therefore, it is necessary to purge the monitoring well prior to
sampling to obtain a representative groundwater sample. Purging and sampling activities will
be recorded on a Groundwater Purging and Sampling Record (Figure 2-13). Before purging the

lant = 1axsal PY g |
monitoring well, the static water level will be measured using an electric water level meter and

the depth to the bottom of the monitoring well will be determined using a weighted calibrated
measuring tape. After the static water level and monitoring well depth have been measured, a
variable rate pump will be used to purge water from the monitoring well. Purging will be
conducted from the top of the water column to assure complete excavation of stagnant water.

If the monitoring well is capable of yielding three WBVs, groundwater will be collected after
each WBV has been removed and tested for temperature, pH, specific conductance, and
turbidity. Samples will be measured quickly to have as little contact with the atmosphere as

possible. If the parameters have stabilized using the following criteria: temperature + 1°C,
1 units, EC + 5§ percent, and turbidity within 10 NTUs of the previous reading fhpn

p.l _.l + n ISy ashe Jowa Wity QARRS JRAUASALY VYAMALG AW LN A O Vi W pAVYAVWD Aldauiig, wivil

a groundwater sample wrll be collected for laboratory analysis after the water level has reached
80 percent of its static level or 16 hours after completion of purging, whichever occurs first.

If all the parameters have not stabilized after three WBVs have been removed, then purging will

continue until six WBVs have been pureed, or parameters have stabilized. whichever comes

222220 % LAl 2AA QY MWL peipeay wa pRallliANas DR AL ARy VY LMY Y Wi WAL

first. Groundwater samples will be co]lected after the water level has recovered to 80 percent
of its static level or 16 hours after completion of purging, whichever occurs first.
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Date:
Project Name:

Project Number:

Well ID: Sample Number:

Well Location:

Duplicate Number:

Recorded By:
Checked By: .

Blectric Sounder #:

Elevation:
Well Diameter:
Well Depth:

Water Column in Well:
Borehole Diameter:
Water Column in Borehole:

Standing Water Vol.:

Total Vol. Extr.:
Ambient PID:

Weill Mouth PID:

pH
Conductvity
Vol. Purged
Remarks

Sample Time

craluriiomn] Do
1 i rasain

Volume Required
Preservation
Field Filtered

Time
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Figure 2-13

Groundwater Purging
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until it has been purg dry, and a sample will be collected as soon as enough
into the monitoring well to collect a groundwater sample.
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The temperature, pH, specific conductance, and turbidity of the groundwater will be measured
after each WBV has been removed using calibrated temperature, pH, conductivity, and turbidity
meters. Duplicate measurements will be taken at a frequency of one in 10 samples and used to
estimate the precision of the field analytical measurements. During purging, values for
temperature, pH, EC, and turbidity will be recorded on the Groundwater Purging and Sampling
Record (see Figure 2-13). Color and any odor will be recorded under the remarks column.

Sample Withdrawal. With the exception of samples collected for metals analysis, samples will
be collected in order of decreasing volatilization. Samples for metals analysis will be collected
first by using a variable rate pump, and will be allowed to flow directly into the sample
containers. The pump will not be removed from the well between purging and sampling for

nlg Aarda La trr vk A Af tha A AAt1 Ty tha
metals in order to KCCp the Luxuxuuy of the water t0 a minimum. Adgitionaily, the rate of the

pump will be adjusted to maintain sediment-free samples, if possible.

After the metals sample has been collected and the pump has been removed from the monitoring
well, the remaining samples will be collected in order of decreasing volatilization as follows:

‘V’OCS, S‘VIO\.D, yoau\.«ldca/PCBa, L._y:uudc, and hardness. These sluuudwcu.cx amuples will be

collected with a teflon bailer rather than the pump in order to prevent potential volatilization
associated with the collection of groundwater samples through a pump.

For each VOC groundwater sample, three 40 mL glass volatile organic analysis (VOA) vials will

be filled allowing no headspace. This will be accomplished by filling the bottles until a

meniscus forms over the top, and then fitting the cap securely. Headspace will be checked by
inverting the bottle and tapping the lid to see if any air bubbles are visible in the bottle. If an
air bubble appears, the sample will be collected again in a new vial. The pH of acidified VOC
samples will not be measured.

Metals, SVOCs, pesticides/PCBs, cyanide, and hardness groundwater samples will be placed in
1 liter plastic or glass containers filled to the top. If preservatives are in the containers, they
will not be allowed to overflow while filling. The pH of preserved samples will be checked in
the field by pouring a small amount of sample onto pH paper. The paper will not touch the

cnmn]p incidea fhp t‘nnfatnpr
ouluy ALY LELW WS

The groundwater samples will be collected in order of decreasing volatilization (with the
exception of metals) as follows:

AVAS LIS,

(2) VOCs,

(3) SVOCs,

(4)  Pesticides/PCBs,
5) Cyanide, and

(6) Hardness

A7

(N Metalsg
WES
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on ice in insulated coolers to maintain the samples at 4°C. Samples will be kept under strict
COC (see Section 2.2.3).
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2.2, 1 4 Surface Water Sampling. Surface water samples will be collected from five locations
- ha

ittle Choconut Creek {see Section 2.1 Q\ Qamnlae wrill
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(1)  Before sampling, all sampling equipment will be decontaminated as described in Section

2.1.11.

(2)  Surface water and sediment sample pairs will be collected from the same location in the
stream. To avoid cross-contamination, the surface water sample will always be collected
prior to the sediment sample at each location. Samples will be collected first at the
furthest downstream location, moving upstream for subsequent samples.

(3) Prior to collecting each surface water samnle. the anproximate samnle lacation and denth

2201 L0 LU s el su watll odllifil, wui a AN ARG SWAL PR AVAIUIL QL UL
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will be noted as well as the temperature, pH, and conductmty of the creek water.
Thermometers, pH meters, and electrical conductivity meters will be calibrated as
described in Section 2.3.2. The approximate width, depth, and flow rate of the stream

will be recorded as well as surface conditions and the locations of any discharge pipes,
sewers, or tributaries.

4 Samples will be collected in areas of similar environment at all locations. Samples will
be collected from active portions of the creek, and from the side of the creck pearest the
plant. A sample will be collected by standing downstream of the sample location and
submerging a decontaminated container into the water column while positioning the

container mouth so that it faces upstream.

(5)  The surface water will then be transferred from the container to laboratory-provided
bottles containing the appropriate preservative. Each sample will be analyzed for VOCs,
SVOCs, pesticides/PCBs, metals, cyanide, and hardness. The VOC sample will be
collected first in two pre prcserved 40 mL VOA vials. No headspace will remain in the
VOA vials. The SVOC sample will be collected next, followed by the pest1c1des/PCBs

metals cyamae, and hardness.

6) The date, time, location, analysis, preservatives, and initials of the sampler will be noted
on each container label.

Following sample coliection, the labeled sample jars will be placed in plastic bags and stored

on ice in insulated coolers to maintain the samples at 4°C. Samples will be kept under strict

COC (see Section 2.2.3).

2.2,1.5 Sediment Sampling. Sediment samples will be collected as follows.

(1)  Prior to sampling, all sampling equipment will be decontaminated as described in Section
2.1.11.
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(2)  Sediment sample jars will be triple rinsed with the surface water from the appropriate
location prior to collecting the sediment sample.

3) A sediment sample will be collected from 0 to 6 inches below the sediment-water
interface by scooping sediment at the sample location and placing it directly into the
laboratory-provided bottles via a stainless steel scoop.

4) Each sediment sample will be analyzed for VOCs, SVOCs, pesticides/PCBs, metals,
cyanide, and Total Organic Carbon (TOC). The VOC sediment sample will be packed
as full as possible.

(5 If multiple aliquots are required for a sediment sample, all aliquots (except for VOAs)
will be placed in a stainless steel bowl and mixed thoroughly before placement into
sample containers. Replicates will be collected at the same time and from the same
container of composited sediment.

(6) The date, time, location, analysis, and initials of the sampler will be noted on each
container label.

D Finally, a flag will be placed in the sediment to indicate the location of both the sediment
and surface water sample for later surveying.

Following sample collection, the labeled sample jars will be placed in plastic bags and stored

on ice in insulated coolers to maintain the samples at 4°C. Samples will be kept under strict

COC (see Section 2.2.3).

2.2.2 Sample Handling and Labeling

The following section identifies the types of sample containers, sample volumes, methods of
preservation, sample identification, sample holding times, sample labeling, sample packaging,
and shipping method.

2.2.2.1 Sample Containers, Volumes, Preservation, and Holding Times. Sample methods,

containers, volumes, preservatives, and holding times are summarized in Table 2-4.
2.2.2.2 Sample Identification, Labels, and Shipping. Throughout the field program, consistent

and thorough sample identification will be maintained by ficld personnel. This section
documents the requirements and contingencies for this procedure.

Sample Identification Code. Sample identification will be achieved through the use of a four-
part code. The first part indicates the location according to the following list:
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Location , Code
Onsite (AFP 59) : 59
Offsite (Johnson City) IC

The second part indicates the source of the sample and will use the abbreviation system
described below. Each source will be numbered, as indicated by the "n" in the following
designations.

Location Type Code
Direct Push DPn

Groundwater Monitoring Wells

Shallow Wells SWn
Intermediate Wells : IWn

Deep Wells DWn
Borehole BHn

Creek CRn

The third part indicates the sampling matrix, according to the following abbreviations:

Sampling Matrix Code
Groundwater wG
Soil (during Reconnaissance Survey) SO
Surface Water WS
Sediment SE

The fourth part indicates the specific number of the sample obtained from the location. This
numbering will begin with 1 and will increase by one unit each time a sample is collected from
that location, regardless of date or time.

Two examples of this numbering system are presented below:

. Fourth subsurface soil sample collected from the deep monitoring well number
12 borehole onsite AFP 59: 59DW12S04

] First groundwater sample from shallow monitoring well number 9 onsite AFP 59:
59SWIOWGL.

The only exception to the sequential numbering system is when a duplicate or replicate sample
is collected. In either case, the specific number (fourth part) of the duplicate/replicate sample
will be recorded as 9. For example, a duplicate from the second subsurface soil sample
collected for analysis from borehole number 3 onsite AFP 59 would be labelled: 59BH03SO09.

046652 2-62




Each sample number, along with the sample depth, and the date and time the sample was
obtained, will be recorded in the bound logbook and written on the sample label. After
collection and identification, the sample will be handled under COC procedures.

Sample Labels. Samples are identified by a sample label which includes the following
information for soil samples.

Project number

Sample identification

Depth of sample

Date and time of sample collection
Initials of the sampler

Analyses to be conducted

Sample labels will be affixed by the samplers to the brass sample liners or other containers.

The information recorded on the sample label for a groundwater or surface water sample will
include:

Project number

Sample identification

Date and time of sample collection
Initials of the sampler

Preservatives used (when appropriate)
Analyses to be conducted

Sample labels will be affixed by the samplers to the sample containers.

Sample Packaging, and Shipping. All samples will be packaged carefully to avoid breakage
or contamination and will be shipped to the laboratory at proper temperatures. The following .
sample packaging requirements will be followed.

* Sample container tops will not be mixed. All tops will stay with the original
containers.

® If the sample volume is low because of limited sample availability, the level will
be marked on the sample container with a grease pencil. This procedure will help
the laboratory determine if any leakage occurred during shipment.

o All glass sample bottles will be wrapped in bubble pack and placed in plastic bags
. to minimize the potential for contamination and breakage during shipment.
Plastic bottles will not be wrapped, but will be placed in plastic bags. Subsurface

soil samples contained in brass liners will be placed in plastic bags.

] All samples will be cooled to 4°C. The coolers will be filled with blue ice or ice
witk:n Zip-lock™ bags.
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Empty space in the cooler will be filled with vermiculite.  Under no
circumstances will locally obtained material (sawdust, sand, etc.) be used.

The COC record and IRPIMS data sheet will be placed in a plastic bag and taped
to the inside of the cooler lid.

All shipping containers will be custody-sealed for shipment to the laboratory.
The custody seal will be covered with filament tape wrapped around the shipping
container at least twice before the sample container is shipped to the laboratory.

2.2.3 Sample Custody

In order to maintain and document sample custody, the following COC procedures will be
strictly followed. A sample is considered to be under custody if:

It is in actual possession of the responsible person;
It is in view, following physical possession;

It is in the possessiori of a responsible person and is locked or sealed to prevent
tampering; or

It is in a designated secure area.

2.2.3.1 Chain-of-Custody Record. Sample custody is maintained by a "COC Record" as
illustrated in Figure 2-14. The custody record is completed by the individual designated by the
Project Manager as being responsible for sample shipment and must be completed at the
sampling location. The information recorded on this record includes the following.

Laboratory - Name of laboratory samples are to be shipped to
Address - Address of laboratory doing the analysis

Project Name - The project title: Air Force Plant 59

Sampler Name - Name of person collecting the samples

Sampler Signature - Signature of person collecting the samples

Method of Shipment and

Airbill Number - E.g., FEDEX, courier
Field Point-of-Contact - Reid Wellensiek
Telephone No. - (703) 549-8728
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Project-Specific or Batch QC

Field Sample Identification

Date, Time

Matrix

Preservative

Filtered/Unfiltered

Use for Lab QC
Analysis Required

Relinquished by

Project-specific

The four part sample identification code (e.g.,
59SWI1WGI)

Date and time sample was collected

Numerical code for sample matrix (e.g., 2 =
groundwater)

Letter code for preservative (e.g., A = HCl)

Whether or not a sample has been filtered in the
field

Expected contaminant concentration (e.g., high,
medium, low)

Number of sample containers
Specify if sample is for matrix spike
Mark the analyses required

Signature and printed name of the person giving up
the sample

Company Print the name of the organization relinquishing the
_ sample
Date/Time Date and time at which sample custody was
transferred
Received by Signature and printed name of the receiving person
Company Print the name of the receiving organization

In addition, the shipment number will be written in the upper righthand comer of the COC.

The completed original COC form will be returned promptly to Earth Tech by Ilaboratory
personne! upon initial receipt of the samples and completion of the form. The original form will
be a permanent part of the project records.
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sent to the laboratory along with the COC forms. An IRPIMS data sheet is illustrated in Figure
2-15. Data which is required to complete this form includes: the field sample ID, the location
cross reference (i.e, borehole number, monitoring well number, etc), the sample matrix, the
sample code (i.e., normal sample, field blank, duplicate, etc.), the sample beginning depth, and

l\a com'\la ﬂﬂf‘ r‘
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2.2.3.2 Transfer of Custody. Field personnel initially collecting the samples are responsible for
the care and custody of the samples until they are properly transferred or delivered to laboratory
personnel.  All samples will be accompanied by a COC record. When transfemng the
possession of samples, the individuals relinquishing and receiving the samples will sign, date,

and note the time on the COC record. The company from which the sample is relinquished and
to which it is delivered will be noted. This record documents the transfer of samples from the
custody of the sampler to that of another person, or the laboratory.

The relinquishing individual will record specific shipping data (air bill number, office, time, and
date) on the original and duplicate custody records. It is the Project Manager s responsibility
to ensure that all shipping data are consistent and that they are made part of the permanent job
file.

T H it +ad T£
If sent by mail, the package will be sent by registered mail, with a return receipt requested. If

sent by common carrier, a bill of lading will be used. Freight bills, postal service receipts, and
bills of lading will be retained as part of the permanent documentation.

2.2.4 Quality Control Samples

Five types of field QC samples will be collected during the investigative effort. The number,
type, and composition of these samples will comply with the requirements outlined below.

Replicate samples, duplicate samples, and field blanks are defined in the following sections, and

their use during the RI is explained. All replicate and duplicate samples will be labeled as

normal field samples {Section 2.2.2.2) so that laboratory personnel analyzing the samples are
unable to distinguish them from normal samples; the IRPIMS data sheets which indicate whether
a sample is a replicate or duplicate go directly to the IRPIMS data manager so that the
appropriate IRPIMS files can be completed. The labeling system for field blanks includes the

letters TR for trip blanks, AR for ambient conditions blanks, and EB for equinment blanks plus

WRLGIE W LM AL LLALS RAASRLLERLFY ANTE MELAN AWAAY WAWAANMALAWSALL LSARAL. el ANSA U‘l tllll\llll- AL AR o ylu
a number to identify the sequential number. This is followed by the date of collection. As an
example, TB1072794 would be the first trip blank collected on July 27, 1994,

Replicates. A field replicate is a single soil sample divided into two equal parts for analysis.

Field replicates will be labeled so that lahnramrv personnel are unable to distinguish them from

wis lbppllbaia 111 Ve AdDuibLA o eVl =loaWIIRTLE Sl BRLAg AL S AL saass222 22802

normal samples For split-spoon sampies, the ﬁrst and second brass liners from the bottom of
the split-spoon will be used as the sample and replicate, respectively. So that the normal and
replicate samples are located as close together as possible, arrows will be placed (by marker)
on the liners such that they point toward the interface where the liners met in the split-spoon
campler. The laboratorv is notified on the COC that "Liners are marked by arrows. Take soil

Q2 Akl - 223 U RRAL Y e AR 8L sl LI 2LRRR0A S 20 LAIGI AL a Zanvys oL
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AFP 59 Field Number-IRPIMS Cross Reference
Project Number: 94903309

Shipment No.:

COC No.:

Date:

AFIOD: AFP59

CONTID: F41624-94-D-8055
DONUM: 04

59DPG1S0O3 DPO1 SO
JICMW2ZDWG1 MW2D wG

EB1071094 FIELDQC wQ

N1 5.0 7.0
Ni 0.0 0.0
EB1 0.0 0.0

Legend:

LOCXREF:

DP# - Direct Push

MW# - Monitoring Well
FIELDQC - All TB, EB, AB

MATRIX:

WG - Groundwater

SO - Soil

SE - Sediment

WS - Surface Water

WQ - Fieid Blanks (Water)

SACODE:

N1 - Normal Sample

FD1 - Field Duplicate (Water)
FR1 - Field Replicate (Soil)
AB1 - Ambient Blank

EB!| - Equipment Blank

TBI - Trip blank

MS1 - Matrix Spike

SBD:
Sample beginning depth (in feet bgs)
For groundwater and field blanks enter 0.0

SED:
Sample ending depth (in feet bgs)
For groundwater and field blanks eater 0.0

cantn &) vve | Figure 2-15

IRPIMS Data Sheet
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for analysis from liner end marked by arrow". Field replicates will number 10 percent of the
total sample number and be analyzed for all parameters.

Duplicates. Field duplicates are two samples collected independently at a sample location
during a single act of sampling. Field duplicates will be labeled so that laboratory personnel are

~ unable to distinguish them from normal environmental samples. Ten percent of all groundwater

and surface water samples will be field duplicates and be analyzed for all parameters.

Trip Blanks. A trip blank is a VOC sample bottle filled in the laboratory with Type II reagent-
grade water, transported to the site, handled like a sample, and returned to the laboratory for
analysis. Trip blanks will not be opened in the field. One trip blank will accompany each
cooler containing samples for VOC analysis. The trip blank will be analyzed for the same
VOCs as the environmental samples (SW8260).

Ambient Conditions Blanks. An ambient conditions blank is defined as Type II reagent-grade
water that is poured into a sample container at a sampling site. It will be handled like a sample
and transported to a laboratory for analysis. One ambient conditions blank will be collected at
each sampling site during each VOC sampling round. The ambient conditions blank will be
analyzed for the same VOCs as the groundwater samples (SW8260).

Equipment Blanks, An eguipment blank is defined as Type II reagent-grade water that is
poured into or pumped through (in the case of pumps) the sampling device, transferred to a
sample bottle, and transported to a laboratory for analysis. One set of equipment blanks will
be collected by each sampling team for each day of sampling. The equipment blanks will be
analyzed for all laboratory analyses requested for normal samples collected at a site the day the
equipment blank is collected.

2.2.5 Sample Analysis Summary

Several analytical methods will be performed on the environmental soil, groundwater, surface
water, and sediment samples. The following methods will be performed on all samples.

YOCs - SW8260
Pesticides/PCBs - SW8080
Metals - SW6010

Arsenic - SW7060

Lead - SW7420/SW7421
Mercury - SW7470/SW7471
Selenium - SW7740
Thallium - SW7841
Cyanide - SW9010.

o ® e 0o 00 00

In addition to these methods, groundwater and surface water will be tested for hardness by
method E130.1. The sediment and soil samples will have an additional analysis for TOC
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Table 2-5 summarizes the sample analyses for both environmental samples and QA/QC samples.
The summary presents the reporting units, the total number of laboratory analyses for all media,
the number of trip blanks, the number of ambient conditions blanks, the number of equipment

hlanlc¢ and th b AF fiald nlinataid 11 +, Ta th T £ lah, + 1
Cianks, and e numoelr O 116G pucais/Gupiicad sampies; Uie DUmolrs O :aotralonry aﬁafy'ses

are estimated maxima.
2.3 Field Measurements
2.3.1 Parameters

Table 2-6 identifies the parameters to be measured in the field and the equipment that wili be
used for these measurements.

’2" ovasy
. Mreda p

The collection of field data during the RI will require a variety of field instruments. Proper
maintenance, calibration, and operation of each instrument will be the responsibility of the field
task manager and the instrument technicians assigned to the project. All instruments and

equipment used during the investigation will be maintained, calibrated, and operated according

to the manufacturers’ guidelines and recommendations.

Field instruments will be calibrated prior to use in the field as appropriate. Calibration
procedures are described below. Copies of the instrument manuals will be maintained in Earth

Tanh’e fia ~fFi + ATDSO A A AF F1a1A ik af Testinal : T
Tech’s field office at AFP 59. A record of field calibration of anaiyucai instruments (e.g., PID,

temperature/pH/conductivity meter) will be maintained on the Equipment Calibration Daily Log
(Figure 2-16) by field personnel. These records will be subject 10 QA audit. In addition, any
notes on unusual results, changing of standards, battery charging, and operation and maintenance
will be included in the log.

All instruments are to be stored, transported, and handled with care to preserve equipment
accuracy. Damaged instruments will be taken out of service immediately and not used again
until a qualified technician repairs and recalibrates the instruments.

All field instruments and other equipment will be thoroughly decontaminated prior to use and
between sampling points to avoid cross-contamination. Instruments such as the PID will be
wiped with a moist towel at the end of each work day. Water level meters will be thoroughly
rinsed with deionized water after each use. All other equipment will be scrubbed in Alconox
solution, rinsed with potable or deionized water, and finally rinsed with ASTM Type II water.

™ And matoariale insrlndine ar t ale and da, t inatinn flnide il ha anAnmnlat,
LA18CATGEn Matlniais, inCUGINnE paplr iOWEIS ana 4GeConiamination 1:uiGs, Wia ot accumulated and

stored in appropriate receptacles for proper disposal as described in Section 2.1.12.

Field calibration for the instruments that will be used to monitor groundwater purging and
sampling at AFP 59 is described below.
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Conductivity

pH/Conductivity meter

Method E120.1 will be used to
determine the conductivity of the
groundwater during development
and purging of the monitoring
wells.

pH

pH/Conductivity meter

Method E150.1 will be used to
determine the pH of the
groundwater during development
and purging of the monitoring
wells.

Temperature

Digital Thermometer

Method E170.1 will be used to
determine the temperature of the
groundwater during development
and purging of the monitoring
wells.

Turbidity

Nephelometric Turbidimeter

Method E180.1 will be used to
determine the turbidity of the
groundwater during development
and purging of the monitoring
wells.

Suspended Sediment Content

Method 160.5 will be used to
determine the suspended sediment
of the groundwater during
development and purging of the
monitoring wells.

Organic Vapors in the Breathing
Zone

Photoionization Detection (HNu),
Organic Vapor Analyzer (OVA)

These instruments will be used to
monitor the concentration of total
organic vapors in the breathing
zone during field operations.

Groundwater Level

Water Level Meter

The water level meters will be
used to measure depth to
groundwater in monitoring wells.




Date

Serial Number:

Qperator,

*pH 7.00 buffer solution: pH

AM | Midday

PM

*pH 4,00 buffer solution: pH

*pH 10.00 buffer solution: pH

Temperature

Comments

l Serial number,

QOperator Signature

Serial Number.

Exp. Date Lot #
Exp. Date Lot #
Exp. Daie Lot #

Calibration solution

*MICROMHO reading AM

*MICROMHO reading AM

Temperature AM

Comments :

Exp. Daie Lot #

Midday, PM

Bxp. Date Lot # :
Midday, PM

Midday__ PM

Operator Signature AM

Calibration gas,

*Reading AM Midday PM
*Background reading AM Midday PM
Comments

Operator Signature AM Midday, .PM
*Positive response checks will be done every 4 hrs: AM, Midday and PM

Checked by Date

Figure 2-16
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Temperature/pH/Conductivity Meter. Electronic thermometers will be calibrated monthly to
NIST standards prior to initial use and are visually inspected at least once a year.

The pH meter will be calibrated at the beginning of each day. At least two buffer solutions that
bracket the expected sample pH will be used. Either pH 4 and 7 buffers or 7 and 10 buffers
will be used. Calibration knobs are used to set the meter to read the value of the standards.
The pH meter is also checked periodically during the sampling period (midday and end of day)
using a pH 7 buffer. If the reading varies more than two-tenths of a unit between calibration
checks, the meter will be recalibrated.

Tha nAn mat wrill ha nn]i“\fﬂ"ﬂf‘ at tha otart Af anrsrh enmnline Aav hy nelna fown K1
4 Li\ UUIIUUUuVlLJ lllvl\ll ¥Will Uw WAldIVIALWAL QL LIV DAL UL Wilwill Mllyu‘ls J J 5 LYYW ARN1

standard solutions supplied by the instrument manufacturer. These solutions will bracket the
expected range of the groundwater sample. The meter must read within 1 percent of full scale
to be considered in calibration. Readings from conductivity meters are normally stable; thus,
calibration checks are usually limited to checks at the beginning and end of the sampling day.
If the calibration check at the end of the day indicates the meter is not within tolerance, the data
will be flagged to note the percent difference between the meter and standard.

Turbidimeter. Turbidity range calibration is checked at the beginning and end of each sampling
day using factory-supplied latex turbidity standards. Calibration knobs are used to set the analog
meter to read the value of these standards. The meter is also checked during the sampling
period (midday and end of day) with the standard most representative of the anticipated turbidity-
of the groundwater (typically O to 10 NTUs). If the reading varies by more than one unit
between calibration checks, the meter will be recalibrated. Multiple physical conditions can
cause variations in readings, including bubbles in the sampled water, wet or dirty sample
container, wet or dirty lens, wet or dirty optical sensor, or leakage of incidental light into the
sample chamber.

The range of the instrument is calibrated every 4 months using the latex turbidity standards. If
discrepancies are. noted, the potentiometer on the amplifier circuit board is adjusted. The lamp
alignment and focus are also checked and adjusted at this time, as necessary.

Imhoff Cone. The Imhoff cone, for determining the solids content in water samples, is factory
calibrated and does not need any calibration in the field.

Photoionization Detector. The PID will be calibrated in Earth Tech’s field office at the
beginning and end of each day using isobutylene as the standard calibration gas. The instrument
will be recalibrated if it experiences abnormal perturbations or readings become erratic.
Caiibration and test resuits wili be recorded on the Equipment Calibraiion Daily Log.

Electric Water Level Meter. The alarm function on the water level meter is checked by
immersion in water. The length of tape is manually checked against a surveyor’s steel tape
annually.

0466.52 2-81




2.3.3 Egquipment Maintenance

Maintenance responsibilities for field equipment are coordinated through an instrument technician
who has as his or her primary duty responsibility for ensuring that available equipment and
instrumentation are ready for use, and that returned equipment is checked out, serviced, and
returned to available inventory in a timely manner. Maintenance during use is the responsibility
of the project team using the equipment. Calibration/maintenance logbooks contain information
on instrument maintenance, calibration, and repair. Backup equipment, spare parts, and other
supplies will be brought to the field to every extent possible. In addition to spare parts and
supply inventories, Earth Tech nonassigned equipment represents an extensive in-house source
of backup equipment and instrument.

2.3.4 Eguipment Decontamination
Equipment decontamination will follow the procedures outlined in Section 2.1.11.
2.4  Field Quality Assurance/Quality Control Program

Field parameters to be measured for this program include temperature, pH, specific conductance,
turbidity, and settleable solids. A brief description of the methods to be used can be found in
Appendix C, Field Water Testing Procedures. Soils will be described using the Unified Soil
Classification System and ASTM Method D2488, and particle size distribution will be
determined using a modified ASTM D422-63 procedure (see Appendix D).

2.4.1 Control Parameters

Temperature, pH, specific conductance, turbidity, and suspended sediment are monitored during
development and purging to establish whether they have stabilized or not. Stability is achieved
when the suspended sediment is <75 mL/L and the other four parameters have stabilized using
the following criteria: temperature + 1°C, pH + 0.1 units, EC + 5 percent, and turbidity
within 10 NTUs of the previous reading. Temperature, pH, and specific conductance
measurements will be taken when groundwater samples are collected for laboratory analysis.
Duplicate groundwater samples, which will number 10 percent of the entire sampling program,
will be measured for temperature, pH, and specific conductance.

2.4.2 Control Limits

Table 2-7 provides the control limits for the field parameters which will be measured during the
investigation.

2.4.3 Corrective Actions

Corrective actions required if measurements are not within the specified limits are provided in
Table 2-7.
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2.5 Record L\ccpiug

Field records will be maintained in sufficient detail to recreate all sampling and measurement
activities and meet all IRPIMS data loading requirements.

Drilling records will be kept in the daily field logbook for the investigation and on logs for each
borehole. The items that will be included in the daily field logbook are described in the
following sections.

Daily Logs. All information pertinent to the field program for the RI will be recorded on
appropriate data sheets and/or in the daily field logbook which will be a waterproof, bound book

with consecutively-numbered pages. Entries in the logbook will be made in indelible ink and
will include the following information.

Name and address of field contact (on logbook cover)

nAedan o nfflintimeo e cmanzy ol aea ols

Nd.lllUb d.llU AlTuignions UJ. PUlbUl.ulCl o1 Siic

General description of each day’s field activities
Documentation of daily weather conditions during fieldwork
Sample locations (e.g., borehole number and description).

3 H 3 Y. | ~
Entries in the logbook for each sample collected during the investigation will include the

following additional information.

o Location
L Observations of the sample (e.g., color, odor, clarity) or collection environment

e o wrafiirline nnerationce)
Ww.g., Tty OpCldiulins)

] Identification of sampling device and sampling method
o Numerical value and units of field measurements made during sample collection
(e.g., air monitoring etc.)
] Sequence of sample collection
e Sample matrix (e.g., soil, groundwater, etc.)
o Sample volume
o Sample depth (if applicable)
o Date and time of collection
®  Field sample identification number
o Sampler’s name
. Sample type (composite, split, etc.)
] Preservatives used
[ ] Sample distribution (e.g., laboratory).
The bottom of each page in the lo h ook will be signed or initialed h the n person making the

LR LAV A Wiz g 132 --

entriecs. No pages may be removed from the field logbooks for any reason. Only persons
authorized by the Project Manager or the Project Manager’s designee may make entries in the
logbook.

0466.52 2-84
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In addition to the information entered into the logbook, the following data sheets must be filled
out: Decontamination Record, Equipment Calibration Daily Log, Borehole Log, Monitoring
Well Construction Log, Monitoring Well Development Log, Potentiometric Level Measurement
Form, and Groundwater Sampling Log.

Corrections to Documentation. All original data recorded in field logbooks and data entry
sheets, on sample labels, or in COC records, will be written with waterproof ink. If an error
(e.g., incorrect date or sample depth) is made on the document, corrections will be made simply
by crossing a line through the error in such a manner that the original entry can still be read,
and entering the correct information. All corrections will be initialed and dated.

Photographs. Photographs, if taken, will be recorded in the appropriate logbook. Information
to be recorded includes:

Roll and frame number,

Time,

Photographer,

Location, e.g., "east side of Building 3",
Subject, e.g., "installation of Borehole XX",
Significant features, and

Names of any personnel included in the phot oranh.

ANGERIWT WA ) PwAOVaLwa Jaivals ans i
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Borehole Logs. The information to be recorded on a field Borehole Log including lithologic
descriptions are listed below:

. Boring or monitoring well identification,
. Purpose of boring,
o Location in relation to an easily identifiable landmark,
. Name of drilling contractor and logger,
° Drilling method,
° Types of drilling fluids and depths at which they were used,
® Lithologic descriptions and depths of lithologic boundaries,
L Depths at which saturated conditions were first encountered,
] Sample depths,
o Zones of caving or heaving,
® Drilling rate,
° Drilling rig reactions,
L Soil classification,
° Unified Soil Classification symbol,
] Secondary components and estimated percentage,
L Color (Munsell),
] Plasticity,
oses.52 2-85
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Density (non-cohesive soil),

Moisture content,

Texture/fabric/bedding and orientation, and
Grain angularity.

® o 0 00

2.6  Site Management

The goal of site management is to conduct all ficld operations in an appropriate and efficient
manner while minimizing impacts to plant operations and personnel. This goal will be met by

n w3 1 A A th +th
establishing effective communications between all parties involved, and through thorough

planning and preparation prior to beginning the field investigation.

Mr. John McCown (210-536-3360) is the AFCEE Restoration Team Chief (RTC). Mr. George

Walters (513-255-4151) is the Aeronautical Systems Center (ASC) Remedial Program Manager .

(RPN, Ms. Melonie Sviatvla is the Martin Marietta POC for AFP <Q NMe Beaid Wallancialr

\AwA AVA e AVALIUVLIAG W VAGLY 4G 40 WLV AVAGE LML 4VAQLLALR & Wi AU el X AVAD., ANWAUL YV WLIVIIDIWI

(703-549-8728) is the Earth Tech Project Manager. All activities by both Earth Tech and their
subcontractors at AFP 59 will be conducted in close coordination with all parties and will be
conducted in accordance with AFCEE standard operating procedures.

The AFP 59 POC will provide or arran nge

A iAW & L\.l Ana anndna

investigation. TheAFP59 POC will:

M
i3

3
a

[4)
Ak

L] Approve accumulation points within the installation property to which Earth Tech

can deliver any suspected hazardous drill cuttings or well installation/development
fluids eenerated from the reauired work. Earth Tech is resnonsible for providing

LAl pWASVARISAS AR 00 Radb Al eaanaAs WAL AL AW A3 AVOPVAISIULY AUVA paliv il

all necessary containers (¢.g., 35-gallon drums), for transporting the containerized
material to the accumulation point, and for proper disposal.

® Provide Earth Tech with access to existing engineering plans, drawings,

diagrams, aerial photographs rhmh'n:-d map files, etc., to facilitate the evaluation

SRmaflasd, QLladl PRV RAR RS, P AAAWDy WiWey b Adkh L83 1) v‘u AL AL

of areas under investigation.

. Arrange for the following:

a. Personal identification badges
b. A secure staging area for storing equipment and supplies
c. A supply (e.g., fire hydrant) of large quantities of potable water for

drilling activities, equipment decontamination, etc.

d. A paved area where drlling and sampling equipment can be
decontaminated.

e. A set of keys to the locks on any existing onsite monitoring wells

Il\.l
o0
™
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The Earth Tech Project Manager will coordinate the safe and proper conduct of employees and
subcontractors during the field investigation at AFP 59. As part of her responsibilities, the
Project Manager will keep the AFP 59 POC informed of the field investigation process, schedule
changes, and personnel roster. .

2.7 Variances

A variance is a deviation from project requirements. All variances from procedural and planning
or design documents and other project requirements will be documented. The AFCEE RTC and
the ASC RPM will approve variances that have an impact on cost, schedule, and/or technical
performance prior to incorporation.

Field changes and deviations from project planning documents shall also be reviewed and
approved by the AFCEE RTC. All deviations from procedural and planning documents will be
recorded in the site logbook and documented on a field change request form. These deviations
will be included in the RI report.
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APPENDIX B

size because the filter pack is the interface with the formation. Following filter pack

selection, the screen slot size is chosen based on the results of the filter pack design.

After completion of a monitoring well, the well screen should be surrounded by filter
pack materials that are coarser, have a uniform grain size, and have a higher permeability than
the natural formation (USEPA, 1991a).

I n designing a monitoring well, the filter pack is selected prior to the well screen slot

FILTER PACK DESIGN

In selecting the proper filter pack for a monitoring well, the following four steps are followed
(USEPA, 1991a).

1. A sample of the formation material is collected from the intended screened
interval.
2. A sieve analysis is conducted to determine the grain size distribution of the

formation material.

3. The 70 percent retained grain size of the formation (determined during the sieve
analysis) is multiplied by a factor of between 4 and 6.

4. A uniform, well-sorted grain size filter pack is chosen based on the results of
Step 3.

Nhtaininea an arrvata farmatinm camnls 10 imnnrtant cinca tha ciavs analuycic ie tha hagic far
Uum.lu.lls Gll avuulalv 1uliiiguivil wllylb g ullpulwll DHIGAY LW OlWw Y mlm)’ﬂlo 10 Uiv Uaodld 1Vl

monitoring well design. Results of the sieve analysis dictate what the correct filter pack grain
size is for the well. Based on previous sieve analyses conducted at the site (ANL, 1994), and
due to the large difference in the diameters of the boreholes and well casing/screens designed
for this investigation, monitoring wells at AFP 59 will be artificially filter-packed.

As described in Driscoll (1986), the required equipment for a sieve analysis includes a hot plate
for drying samples, a set of standard testing sieves, and an accurate balance for weighing sample
material. After drying and weighing the sample, it is placed in the top sieve of a series of sieves
which are aligned with the coarsest sieve on the top and the finest sieve on the bottom. A
bottom pan underlies the finest sieve. The sieves are then shaken either by hand or in a

D 1
0456APX.B D-1




1 th + 4 tr th 1 ha
vibration machine. Transfer the coarsest sieve contents to the previously weighed drying pan.

The weight of the contents of the coarsest sieve and the drying pan are recorded. The material
of the second sieve is then added to the pan, and the combined weight is recorded. Each sieve
and the bottom pan is emptied successively, and the weight of the accumulated sample is
recorded. The cumulative percent retained for each sieve is then calculated by dividing the

m ra ht ~f th il Tha la +* A
cumulative weight retained by the total weight of the sample. The cumulative percent retained

or cumulative percent finer can then be plotted versus sieve opening size (grain size) to show
the grain size distribution of the sample. The sieve analysis procedures are described in detail
in Appendix D.

From the cumulative percent retained versus grain size plot, the 70 percent retained grain size
for the formation material is determin This grain size is then multiplied by a factor of

between 4 and 6, depending on the gram size distribution of the sample. Based on the sieve
analyses conducted by ANL (1994), a muitiplier of 6 is more appropriate for the subsurface
materials at AFP 59.

A uniform, well-sorted grain size filter pack is selected according to the filter pack grain size
calculations. A uniform, well-sorted filter pack is chosen over a graded grain-size filter pack
for the following reasons (USEPA, 1991a):

1 Graded packs are more g _,gnhhle to the invasion of formation mat rials at the

- TLQLVAS pOevAS fob LIS A AW as madus azabviaSAiCaa WA ANAiiaQLavSas adad

formatlon filter pack in rf ce, leading to a reduction in permeability.

3

Graded packs are more difficult to install.

3. With a uniform nack. the fine formation materials can travel between the eraing

(e vases @ ARSI PEVDy A3V 2200% SRVLLDIGRANAS LRAGSNALESS WAL LIAVRS U WAL LAy peGliis

of the pack and be pulled into the well during development, increasing formation
permeability and retaining pack permeability.

SCREEN SLOT SIZE DESIGN

After determining the appropriate filter pack grain size, the screen slot size will be designed to
prevent 90 percent of the filter pack material from entering the well. Tt is important to prevent
at least 90 percent of the filter pack from entering the well during and subsequent to
development to avoid settling of the materials adjacent to the well. In order to obtain a
representative groundwater sample from a monitoring well, it is necessary to minimize
disturbances or distortions to the flow lines from the aquxfer to the well caused by post-
development settling of materials. Therefore, a screen slot size equal to or finer than the 90

percent retained grain size of the filter pack will be used for well design purposes.
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Method 120.1 (Spe.cific Conductance, tmhos at 25°C)

mnﬂ"\ ray Fa ¥y =
1UK NU., UUuUyo

75

. 1.  Scope and Application
l 1.1 This method is applicable to drinking, surface, and saline wates, domestic and indus-
wrial wastes and acid rain (atmospheric deposition).
2. Summary of Method
l 2.1 Thespecific conductance of a sample is measured by use of a self-contained conductivity

meter, Wheatstone bridge-type, or equivalent.

2.2 Samples are preferable analyzed at 25°C. If not, temprature corrections aremade and
l results reported at 25°C.
& 3. Comments :
Y 3.1 Instrument must be standardized with KCl solution before daily use. I
| § 3.2 Conductivity cell must be kept clean. I
3.3 Field measurements with comparable instruments are reliable.
$.4 Temperature variations and corrections represent the largest source of potential error.
l 4. Sample Handling and Preservation

4.1 Analyses can be performed either in the field or laboratory.
\ 4.2 If analysis is not completed within 24 hours of sample collection, sample should be
l filtered through a 0.45 micron filter and stored at 4°C. Filter and apparatus must be
washed with high quality distilled water and pre-rinsed with sample before use.
5.  Apparatus
Conducuvity bridge, range 1 10 1000 gmho per cenumeter.
Conductivity cell, cell constant 1.0 or micro dipping type cell with 1.0 constant. YSI
#3403 or equivalent.
5.4 Thermometer
6. Reagents

—

6.1 Swuandard potassium chloride solutions, 0.01 M: Dissolve 0.7456 gm of pre-dried (2 hour

at 105°C) KClI 1n distilled water and dilute to 1 liter at 25°C.
7.  Cell Calibration

7.1

The analyst should use the standard potassium chloride solution (6.1) and the table
below to check the accuracy of the cell constant and conductivity bridge.

Approved for NPDES \
Issued 1971
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Conductivity 0.01 m KCI

o N - h J e
N 7

21 1305
22 1332
23 1359
24 1386
25 1413
26 1441
27 1468 .
28 1496

8.  Procedure
8.1 Follow the direction of the manufacturer for the operation of the instrument.
8.2 Allow samples 10 come 10 room temperature (23 to 27°C), if possible.
8.3 Determine the temperature of sampies within 0.5°C. If the temperature of the sampies
is not 25°C, make temperature correction in accordance with the instruction in Section
9 to convert reading to 25°.
9. Calculation
9.1 These temperature corrections are based on the standard KCI solution.
9.1.1  Ifthetemperature of the sample is below 25°C, add 2% of the reading per degree.
9.1.2  If the temperatwure is above 25°C, subtract 2% of the reading per degree.
9.2 Report results as Specific Conductance, gmhos/cm at 25°.
10. Precision and Accuracy
10.1 Forty-one analysts in 17 laboratories analyzed six synthetic water samples containing

[, PO T Jeg 1 |

increments of inorganic salts, with the following results:

Increment as Precision as ) Accuracy as
Specific Conductance Standard Deviation Bias, Bias,
o umhos/cm
100 7.55 ~2.02 =20
106 8.14 -0.76 -0.8
808 66.1 - —3.63 -29.3
848 79.6 —4.54 -38.5
1640 106 -5.36 -87.9
1710 119 -5.08 -86.9

(FWPCA Method Study 1, Mineral and Physical Analyses.)

10.2 In a single laboratory (EMSL) using surface water samples with an average
conductivity of 536 pmhos/cm at 25°C, the standard deviation was 186.

120.1-2
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The procedure to be used for this determination is found in:

Annual Book of ASTM Standards Part 31, “Water," Standard D1125-64, p. 120 (1976).

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p. 71,
Method 205 (1975).

Instruction Manual for YSI Model 31 Conductivity Bridge.

Peden, M. E., and Skowron. “lonic Stability of Precipitation Samples,” Atmospheric
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pH
Method 150.1 (Electrometric)

STORET NO.
Determined on site 00400
Laboratory 00403

Scope and Application
1.1  This method is applicable to drinking, surface, and saline waters, domestic and industrial

wastes and acid rain {(atmos

Summary of Method

2.1 The pH of a sample is determined electrometrically using either a glass electrode in
combination with a reference potential or 2 combination electrode.

Sample Handling and Preservation

3.1 Samples should be analyzed ag soon as possible prefer
sampling.

3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to
changes when exposed te the atmosphere, therefore the sample containers should be
filled completely and kept sealed prior to analysis.

bly in the field at the time of

o
"
|

4.1 The glass electrode, in general, is not subject to solution interferences from color,
turbidity, colloidal matter, oxidants, reductants or high salinity.

4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a “low
sodium error” electrode.

4.3 Coatings of oily matenal or particulate matter can impair electrode response. These

coatings can usually be removed by gentle wiping or detergent washing, followed by
distilled water rinsing. An additional treatment with hydrochloric acid (1 4+ 9) may be
necessary to remove any remaining film.

4.4 Temperature effects on the electrometric measurement of pH arise from two sources.
The first is caused by the change in electrode output at various temperatures. This
interference can be controlled with instruments having temperature compensation or by
calibrating the electrode-instrument system at the temperature of the samples. The
second source is the change of pH inherent in the sample at various temperatures. This
error is sample dependent and cannot be controlied, it should therefore be noted by
reporting both the pH and temperature at the time of analysis.

Apparatus

5.1 pH Meter-laboratory or field model. A wide variety of instruments are commercially
available with various specifications and optional equipment.

-_—————————_
o o an

Approved for NPDES
Issued 1971
Editorial revision 1978 and 1982
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5.2 Glass electrode.

5.3 Reference electrode-a calomel, silver-silver chlorid
constant potential may be used.
NOTE 1: Combination electrodes incorporating both measuring and reference
functions are convenient to use and are available with solid, gel type filling materials that
require minimal maintenance.

5.4 Magneticstirrer and Teflon-coated stirring bar.

5.5 Thermometer or temperature sensor for automatic compensation. .

Reagents

6.1 Primary standard buffer salts are available from the National Bureau of Standards and
should be used in situations where extreme accuracy is necessary.

6.1.1 Preparation of reference solutions from these salts require some special precautions
and handling” such as low conductivity dilution water, drying ovens, and carbon
dioxide free purge gas. These solutions should be replaced at least once each
month. :

6.2 Secondary standard buffers may be prebared from NBS salts or purchased as a solution
from commercial vendors. Use of these cornmercially available solutions, that have been
validated by comparison to NBS standards, are recommended for routine use.

Calibration

7.1 Because of the wide variety of pH meters and accessories, detailed operating procedures
cannot be incorporated into this method. Each analyst must be acquainted with the
operation of each system and familiar with all instrument functions. Special attention to
care of the electrodes is recommended.

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that
bracket the expecied pH of the samples and are approximately three pH units or more
apart.

7.2.1 Yarious instrument designs may involve use of a “balance” or “standardize™ dial
and/or a slope adjustment as outlined in the manufacturer’s instructions. Repeat
adjustments on succcsswc portions of the two buffer solutions as outlmed in

Aeao - O g | PR ——
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Procedure

8.1 Standardize the meter and electrode system as outlined in Section 7.

8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to
cover the sensing elements of the electrodes and to give adequate clearance for the
m&@"‘uétic Slii'ﬁﬁg bar.

8.2.1 If field measurements are being made the electrodes may be immersed directly in
the sample stream to an adequate depth and moved in a manner to insure sufficient
sample movement across the electrode sensing element as indicated by drift free
( <0.1 pH) readings.

a camnla temnearatnre differe by maora a than 2°C fram t
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pH values must be corrected. Instruments are equipped with automatic or manual

““National Bureau of Standards Special Publication 260.
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compensators that electronically adjust for temperature differences. Refer to
manufacturer’s instructions. '

8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the
sample beaker or sample stream and stir at a constant rate to provide homogeneity and
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water
interface of the sample. Note and record sample pH and temperature. Repeat
measurement on successive volumes of sample until values differ by less than 0.1 pH
units. Two or three volume changes are usually sufficient.

8.5 For acid rain samples it is most important that the magnetic stirrer is not used.
Instead, swirl the sample gently for a few seconds after the introduction of the
electrode(s). Allow the electrode(s) to equilibrate. The air-water interface should
not be disturbed while measurement is being made. If the sample 1s not in
equilibrium with the aimosphere, pH values will change as the
dissolved gases are either absorbed or desorbed. Record sample pH and
temperature. )

9.  Calculation

9.1 pH meters read directly mn pH units. Report pH to the nearest 0.1 unit and temperature

to the nearest °C.
10. Precision and Accuracy
10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples

containing exact increments of hydrogen-hydroxy!l ions, with the following results:

Accuracy as

pH Units Standard Deviation Bias, Bias,
pH Units Yo pH Units
35 0.10 -0.29 -0.01
3.5 01l -0.00
7.1 0.20 +1.01 +0.07
7.2 0.18 -0.03 -0.002
8.0 0.13 -0.12 -0.01
8.0 0.12 +0.16 +0.01

(FWPCA Method Study 1, Mineral and Physical Analyses)

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of 7.7, the
standard deviation was +0.1.

Bibliography
1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 460, (1975).
2. Annual Book of ASTM Standards, Part 31, “Water”, Standard D1293-65, p 178 (1976).

3. Peden, M. E. and Skowron, L. M., Ionic Siability of Precipitation Samp!es,
Aumospheric Environment, Vol. 12, pp. 2343-2349, 1978.
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SETTLEABLE MATTER
Method 160.5 (Volumetric, Imhoff Cone)

STORET NO. 50086

Scope and Application

1.1 This method is applicable to surface and saline waters, domestic and industrial wastes.

1.2 The practical lower limit of the determination is about 0.2 ml/1/hr.

Summary of Method

2.1 Settleable matter is measured volumetrically with an Imhoff cone.

Comments 4 )

3.1 For some samples, a separation of settleable and floating materials will occur; in such
cases the floating materials are not measured. ’

3.2 Many treatment plants, especially plants equipped to perform gravimetric
measurements, determine residue non-filterable (suspended solids), in preference to
settleable matter, to insure that floating matter is included in the analysis.

Precision and Accuracy

4.1 Dataon this determination are not available at this time.

References

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewatet, 14th Edition, p 95,
Method 208F, Procedure 3a (1975).

Approved for NPDES
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Method 170.1 (Thermometric)
STORET NO. 00010
Scope and Application
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes.

Cunirmamarmr nf Mathad
Juuuum] Vi iriwllliva

.1 Temperature measurements may be made with any good grade of mercury-filled or dial
type centigrade thermometer, or a thermistor.
Comments .
3.1 Measurement device should be routinely checked against a precision thermometer

rartified hv the Nat
CEITIICa DY Ui iNat

Precision and Accuracy
4.1 Precision and accuracy for this method have not been determined.

onal Burean of Standards
(s} Dur [8) ] as.

156aA L= Sdasanadna

" Reference

5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewateér, 14th Edition,

TAwess i uid AWFd wad'w awiniesssasaiSialias Soe A= O L v it

Method 212 (1975).
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1.  Scopeand Application

1.1

This method is applicable to drinking, surface, and saline waters in the range of turbidity
from O to 40 nephelometric turbidity units (NTU). Higher values may be obtained with

dilution of the qar_nn]P

A LIVIL U L SiG

NOTE 1: NTU’s are considered comparable to the previously reported Formazin
Turbidity Units (FTU) and Jackson Turbidity Units (JTU).

2. Summary of Method

2.1

The method is based upon a comparison of the intensity of light scattered by the sample
under defined conditions with the intensitv of light scattered by a standard reference

~ast mrReSeRaRT ant SLZALLTILS O Suieiane e a4 il datrn.

suspension. The higher the intensity of scattered light, the higher the turbidity. Readings,
in NTU's, are made in a nephelometer designed according to specifications outlined in

Apparatus. A standard suspension of Formazin, prepared under closely defined
conditions, is used to calibrate the instrument.

2.1.1 Formazin polymer is used as the turbidity reference suspension for water because it

a3ivsx Vewdusw i

is more reproducible than other types of standards previously used for turbidity
standards.

2.1.2 A commercially available polymer standard is also approved for use for the

National Interim Primary Drinking Water Regulations. This standard is identified
as AMCO-AEPA-] available from Amco Standard International, Inc.

* Sample Handling and Preservation

3.1 Preservation of the sample is not practical; analysis should begin as soon as possible.
Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is
recommended.

Interferences

4.1 The presence of floating debris and coarse sediments which settle out rapidly will give
low readings. Finely divided air bubbles will affect the results in a positive manner.

4.2 The presence of true color, that is the color of water which is due to dissolved substances
which absorb light, will cause turbidities to be low, although this effect is generally not
significant with finished waters.

Apparatus

5.1

The turbidimeter shall consist of a nephelometer with light source for illuminating the
sample and one or more photo-electric detectors with 2 readout device to indicate the
intensity of light scattered at right angles to the path of the incident light. The
turbidimeter should be so designed that_little stray light reaches the detector in the

Approved for NPDES and SDWA
Issued 1971

Editorial revision 1974

Editoriat revision 1978
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5.2

5.3

5.4

‘5.5

absence of turbidity and should be free from significant drift after a short warm-up
period.

The sensitivity of the instrument should permit detection of a turbidity difference of 0.02
unit or less in waters having turbidities less than | unit. The instrument should measure
from O to 40 units turbidity. Several ranges will be necessary to obtain both adequate
coverage and sufficient sensitivity for low turbidities.

The sample tubes to be used with the available instrument must be of clear, colorless
glass. They should be kept scrupulously clean, both inside and out, and discarded when
they become scratched or etched. They must not be handled at all where the light strikes
them, but should be provided with sufficient extra length, or with a protective case, so
that they may be handled.

Differences in physical design of turbidimeters will cause differences in measured values
for turbidity even though the same suspension is used for calibration. To minimize such
differences, the following design criteria should be observed:

5.4.1 Light source: Tungsten lamp operated at a color temperature between -

2200-3000°K.

3.4.2 Distance traversed by incident light and scattered light within the sample tube:
Total not to exceed 10 cm. )

5.4.3 Detector: Centered at 90° to the incident light path and not to exceed 130° from
90°. The Detector, and filter system if used, shall have a spectral peak response
between 4C0 and 600nm. .

The Hach Turbidimeter, Mode! 2100 and 2100 A, is in wide use and has been found to be

reliable; however, other instruments meeting the above design criteria are acceptable.

Reagents

6.1

6.2

6.3

6.4

Turbidity-free water: Pass dlStllled water-through a 0.45u pore size membrane filter if
such filtered water shows a lower turbidity than the distilled water.

Stock formazin torbidity suspension:

Solution 1: Dissolve 1.00 g hydrazine sulfate, (NH,),*H,SO,, in distilled water and dilute
to 100 ml in a volumetric flask.
Solution 2: Dissolve 10.00 g hex

A ¥ 2"

amine in distilled water and dilute 10 100

m] in a volumetric flask.

In a 100 m! volumetric flask, mix 5.0 m! Solution 1 with 5.0 ml Solution 2. Allow to stand

24 hoursat 25 £3°C, then dilute to the mark and mix.

Standard formazin turbidity suspension: Dilute 10.00 ml stock turbidity suspension to

100 m! with turbidity-free water. The turbidity of this suspension is defined as 40 units.

Dilute portions of the standard turbidity suspension with turbidity-free water as

required.

6.3.1 A new stock turbidity suspension should be prepared each month. The standard
turbidity suspension and dilute turbidity standards should be prepared weekly by
dilntinn nf tha crank tirkidity cnememoiaa

GQLUUON O I€ SIOCK Tur Ulull.y auapcualq,u

The AMCO-AEPA-1 standard as supplied requires no preparation or dilution prior to
use.

180.1-2
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7.

Procedure

7.1

1.2

7.3

Turbidimeter calibration: The manufacturer’s operating instructions should be followed.
Measure standards on the turbidimeter covering the range of interest. If the instrument is
already calibrated in standard turbidity units, this procedure will check the accuracy of
the calibration scales. At least one standard should be run in each instrument range to be
used. Some instruments permit adjustments of sensitivity so that scale values will
correspond to turbidities. Reliance on a manufacturer’s solid scattering standard for
setting overall instrument sensitivity for all ranges is not an acceptable practice unless the
turbidimeter has been shown to be free of drift on all ranges. If a pre-calibrated scale is
not supplied, then calibration curves should be prepared for each -range of the
Instrument. .
Turbidities less than 40 units: Shake the sample to thoroughly disperse the solids. Wait
until air bubbles disappear. then pour the sampile into the turbidimeter tube. Read the
turbidity directly from the instrument scale or from the appropriate calibration curve.
Turbidities exceeding 40 units: Dilute the sample with one or more volumes of turbidity-
free water until the turbidity falls below 40 units. The turbidity of the original sample is
then computed from the turbidity of the diluted sample and the dilution factor. For
example, if 5 volumes of turbidity-free water were added to 1 volume of sample, and the
diluted sample showed a turbidity of 30 units, then the turbidity of the original sample
was 180 units.

7.3.1 The Hach Turbidimeters, Models 2100 and 2100A, are equipped with 5 separate
scaies: 0-0.2, 0-1.0, 0~100, and 0—1000 NTU. The upper scales are to be used only
as indicators of required dilution volumes to reduce readings to less than 40 NTU.
NOTE 2: Comparative work performed in the MDQAR Laboratory indicates a
progressive error on sample turbidities in excess of 40 units.

Calculation

8.1
8.2

Multiply sample readings by appropriate dilution tc obtain final reading.
Report results as follows:

NTU Record to Nearest:
00 -10 0.05
1 - 10 0.}
10 - 40 1

40 - 100 S

100 - 400 10

400 - 1000 50

> 1000 100

Precision and Accuracy

9.1

oA
v.2Z

In a single laboratory (EMSL), using surface water samples at levels of 26, 41, 75 and 180

NTU, the standard deviations were +0.60, +0.94, z1.2and =4.7 units, respectively.
Accuracy daia are not available at this time.
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GROUP
MAJOR DIVISIONS SYM- TYPICAL NAMES
80Ls :
el Gw/| WELL GRADED GRAVELS. GRAVEL-SAND
Gg‘ifé‘\:—s D¢ | MIXTURES. LITTLE ORNO FINES.  °
" GRAVELS (LITTLE OR NO FINES! EP04] - | POORLY GRADED GRAVELS OR GRAVEL-
0 SAND MIXTURES, LITTLE OR NO FINES,
(MORE THAN 50% OF
COARSE FRACTION IS :
LARGER THAN THE GRAVELS SILTY GRAVELS, GRAVEL-SAND-SILT
NO. 4 SIEVE SIZE} WITH FINES MIXTURES.
(APPRECIABLE AMT. CLAYEY GRAVELS. GRAVEL.SANG.CLAY
OF FINES) LA - -
c?l?:l?lSEED MIXTURES,
SOILS
WELL GRADED SANDS, GRAVELLY SANDS,
{MORE THAN 50% OF LITTLE OR NO FINES.
MATERIAL IS LARGER CLEAN SANDS
THAN NO. 200 SIEVE - -
SIZE) SANDS LE OR NO FINES) POORLY GRADED SANDS OR GRAVELLY
(MORE THAN 50% OF SANDS, LITTLE OR NO FINES.
COARSE FRACTION 1$
SMALLER THAN THE
NO. 4 SIEVE SI1ZE) SAN DSES SILTY SANDS, SAND-SILT MIXTURES,
WITH FIN
(APPRECIABLE AMT.
OF FINES) CLAYEY SANDS, SAND-CLAY MIXTURES.
INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE
SANDS OR CLAYEY SILTS WITH SLIGHT
PLASTICITY.
INORGANIC CLAYS OF LOW TO MECIUM
SILTS AND CLAYS PLASTICITY. GRAVELLY CLAYS. SAND
(LIQUID LIMIT LESS THAN 50) CLAYS, SILTY CLAYS, LEAN CLAYS.
y FINE . ORGANIC SILTS AND ORGAN CLAYS
ANIC SILTS A 1C SILTY
&ES:E;ED OL| oF Low pLASTICITY.
(MORE THAN 50% OF INORGANIC SILTS, MICACEOUS OR
MATERIAL IS SMALLER MH DIATOMACEOUS FINE SANDY OR SILTY
THAN NO. 200 SIEVE SOILS, ELASTIC SILTS.
SIZE) - .
SILTS AND CLAYS ‘{ cH INORGANIC CLAYS OF HIGH PLASTICITY,
T FAT CLAYS.
{LIQUID LIMIT GREATER THAN 50
<
\\ oH | ORGANIC CLAYS OF MEDIUM TO HIGH
& PLASTICITY, ORGANIC SILTS.
M

HIGHLY ORGANIC SOILS PT] PEAT AND OTHER HIGHLY ORGANIC SOILS.

ARTIFICIAL FILL MATERIAL

PARTICLE SIZE LIMITS

SAND GRAVEL
SILT OR CLAY

COBBLES BOULDERS

FINE MEOIUM | COURSE FINE COARSE

b = o

NO, 200 NO. 40 NQ0 NO, 4 Y in. Jin (12 en}

U.S5. STANDARD SIEVE S1ZE

UMDARY CLASSIFICATIONS: SOILE POSSESSING CHARACTERISTICS OF WO GROUPS ARE DEéIGNATED oy

COMBINATIONS OF GHOUP SY#tABOLS.




DEFIMITION OF TERMS USED TO DESCRIBE SUOSURFACE MATERIALS
. S0ILS .

OENSITY OF CRANULAA SOILS (S BASED ON STANDARD PERETRATION RESISTANCE
STANDARD PENETRATION

RESISTANCC
PESIGNATION BLOWS*FQOT!
VEAY LOOSE G-4
LOOSE 9 -0
MEDIUM DENSE 0w -30
DENSE - (|
VERY DENSE OVER 50
CONMSISTENCY OF CONESIVE EQILS 1S BASED ON FifiD ANGIOR LABCRATORY TESTS

UNC COMPAESSIVE STA,

CONSISTENCY (IONS PER SOUARE £OOT)

FIELD IDENTIFICATION

VERAY SOFT LESS THAN 0.2% EASILY PENETRATED SEVERAL INCHES BY FIST
SOFT ez5 ™ 050 EASHY PENETRATED SEVERAL INCHES 8Y THUME

. MEDIUM STIFF 050 m e CAN BE PENETRATED SEVERAL INCHES BY THUMB WITH MODERATE EFFORT
STIFF 10 ™ 290 AEADILY INDENTED BY THUME BUT PENETRATED ONLY WITH GREAT EFFORY
VERAY STIFF 20 TO. 40 REAIKLY INOENTED BY THUMBNAIL
HARD MORE THAN 40 INDENTED WITH DiFFICULTY Y THUMBMAIL

T
AND INOICATES APFROKIMATELV EQUAL AMOUNTS OF MATERIALS, SUCH AS A SAND AND GAAVEL MIXTURE IF THE MATERIALS OCCURA N THIN SECARATYE
SEAMS. IT 1S NOTED IN THE DETAILED WORD CLASSIFICATION, THE THICKNESS 1S GIVEN WHERE POSSIBLE
EXAMPLE: MEDIUM OENSE SAND AND GRAVEL, OA DENSE INTERBEDDED COARSE SAND AND GRAVEL (%"= - &~} THICX

SOME INDICATES A SIGNIFICANT AMOUNT OF THE ACCESSORY MATERIAL
EXAMPLE' MEDIUM DENSE SILTY SAND - SOME GRAVEL
TRACE INDICATES A MINQR AMOUNT OF TME ACCESSORY MATERIAL
EXAMPLE LOOSE SILTY SAND - TRACE OF GRAVEL
INTERBEDDED USED YO DESCRIBE THIN ALTERNATING SEAMS, THICKNESS IS GIVEN WHERE POSSIBLE
EXAMPLE HARD INTERBEDODED SILT AND CLAY (APPROXIMATELY ¥,~ THICK)
ROCK
TEAM DEFINITION
SEAM THIN (12 INCHES OR LESS) PROBABLY CONTIMUQUS LAYER
SOME INDICATES SIGNIFICANT (15 10 40 PERCENT) AMOUNTS OF THE ACCESSORY MATERIAL

EXAMPLE: AQOCK COMPOSED OF SANDSTONE (70%) AND SEAMS OF SHALE (30%8) WOULD BE: SANDSTONE - SOME SH,
FEW INDICATES s#INOR (015 PERCENT) AMOUNTS OF THE ACCESSORY MATERIAL
EXAMPLE. ROCK COMPQOSED OF SANDSTONE (90%1 AND SEAMS OF SHALE (v0%) WOULD BE:
SANDSTONE - FEW SHALE SEAMS
USED TO INDICATE THIN OR WEAY THIN ALTERNATING SEAMS OF MATERWAL OCCURRING IN APPROXIMATELY EQUAL AMOUNTS
EXAMPLE: ROCK COMPOSED Of SANDSTONE (S0%]) AND SHALE (S0%) SEAMS WOULD 8£.INTERBEDDED SANDSTONE AND SHALE
THE DEGREE OF BROKENNESS OF THE ROCK IS DESCRIBED BY ONE Of THE FOLLOWING TERMS:

ALE SEAMS

INTERBEGDED

DESCRIPTWE TERMS ABBREVIATION SPACING
VEAY BROKEN {v.8A) LESS THAN 2 INCHES
BROKEN {8R) 2 INCHES - 1 FOOT
BLOCKY - {8L) 1 FOQT - 3 FEET
MASSIVE M) 3 FEET - 10 FEET

AQD-ROCK QUALITY DESIGNATION IS CUMULATIVE LENGTH OF PIECES OF CORE EQUAL TO OR GREATER THAN FOUF INCHES IN LENGTH
DIVIDED B8Y THE TOTAL LENGTH OF CORE RUN, EXPRESSED AS A PERCENTAGE

THE FOLLOWING BASIC HAMES ARE APPLIED TO THE TYFE OF ROCK FOUND AT THE SITE:

AOCK TYPE CHARACTERISTICS

SANDSTONE MADE UP PREDOMINANTLY OF GRANULAR MATERIALS RANGING BETWEENR %, AND 2WM IN DIAMETER

SITSTONE MADE UP OF GRANULAR MATERIALS LESS THAN Y, (MM IN DIAMETER. FRACTURES IRREGULARLY. MEDIUM THICK TO THICK BEDDED

CLAYSTOME VERY FINE GRAINED ROCK MADE U% OF CLAY MATERIALS. FRACTURES IRAEGHARLY. VERY SMOOTH TO TOUCH, GENERALLY HAS IRREGULASLY
SPACED PITTING ON SURFACE OF DRILLED CORES.

SH’A'I_E A :IQQI] : WRV ‘!l\': .r-numzn DN;!( F'G‘Af'l'l IBEE‘ "‘f oh‘.‘lc 5599‘-‘"5 ph ‘llEs

UMESTONE ROCK MADE UP PREDOMINANTLY OF CALCITE (CA CO,) EFFERVESTES UPON THE APPLICATION OF HVOROCHLOR.IC ACID,

COAL ROCK CONSISTING MAINLY OF ORGANIC REMAINS,

- LEGEND

@ CLAYSTONS

Eﬂ LIMESTONE
i

% SUTSTDNE

SANDSTONE

..

27 O.D. SPLIT BARREL SAMPLE

m]]] AESIDUAL SOIL

o b GRAVEL

Q

SAND OR ALLUVIUM
‘ CLAY

N

[:.—] DAGANIC MATERIAL

l 1 G

,":I SLA

x

@ FILL

CASING SAMPLE

SAMPLE NUMBER. 3° DIA, UNDISTURBED SAMPLE

g@o

50 LENGTH OF COAE AECOVERED
LENGTH OF DAL ARUN
A

|«
\1

f

CONCAETE

31066

COAL GROUND WaTEA LEVEL AND DATE OF QBSERVATION

00 3 INDICATES 60 BLOWS REQUIAED FOR SPUT BARASL

TO PENETAATE 0 FEET

APPROXIAATE TOP OF AOCK

)
Q
E .l N ..




H“\) Designation: D 2488 - 93

Standard Practice for

Description and Identification of Soils (Visual-Manual

Procedure)®

This standard is issucd under the fixed designution D 2488: the number immediately following the designation indicates the year of
original adoption or, in the casc of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (¢) indicates an editorial change since the last revision or seappraval.

This siandard has boen approved for use by agencies of the Department of Defense. Consult the DoD Index of Spmf teations and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This pracuce covers procedures for the description of
soils for engineering purposes.

1.2 This practice also describes a procedure for identifying
soils, at the opnon of the user, based on the classification
system described in Test Methad D 2487. The identification
is based on visual examination and manual tests. it must be
clearly stated in reporting an identification that it is based on
visual-manual procedures

1.2.1 When precise classification of soils for cngmeenng
purposes is required, the procedures prescribed in Test
Method D 2487 shall be used.

1.2.2 In this practice, the identification portion assigning
a group symbol and name is limited to soil particles smaller
than 3 in. (75 mm).

1.2.3 The identification portion of this practice is limited
1o naturally occurring soils (disturbed and undisturbed).

Note |—This practice may be used as a descriptive system applied
to such materials as shale, claystone, shells, crushed rock, etc. (See
Appendix X2).

1.3 The descrptive information in this practice may be
used with other soil classification systems or for materials
other than naturally occurring soils.

1.4 This standard does not purport to address all of the
safetv problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8.

1.5 The values stated in inch-pound units are to be
regarded as the standard.

1, Referenced Documents

2] ASTM Standards

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids?

D 1452 Practice for Soil Investigation and Sampling by
Auger Borings®

D 1586 Method for Penetration Test and Split-Barrel
Sampling of Soils?

——

" This practice is uader the jurisdiction of ASTM Committec D-18 on Sail and
%k and is the dircet responsibility of Subcommitiee D18.07 on ldentification
""' Classification of Soils.
Current edition approved Sept. 13, 1993. Published November 1993, Originally
hhSh\.d as [ 2488 - 66 T. Last previous edition D 2488 - 90.
“elnnual Book of ASTM Standards. Vol 04.08.
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D 1587 Practice for Thin-Walled Tube Sampling of Soils?

D 2113 Practice for Diamond Core Drilling for Site
Investigation?

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)?

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)?

3. Terminology

3.1 Definitions:
3.1.1 Except as listed below, all definitions are in accor-
dance with Terminology D 653.

NoTe 2—For particles refained on a 3-in. (75-mm) US standard
sieve, the following definitions are suggested:

Cobbles—particles of rock that will pass a 12-in. (300-mm) square
opening and be retained on a 3-in. (75-mm) sieve, and

Boulders—particles of rock that will not pass a 12-in. (300-mm)
square opening.

3.1.1.2 clay—soil passing a No. 200 (75-pm) sieve that
can be made to exhibit plasticity (putty-like properties)
within a range of water contents, and that exhibits consider-
able strength when air-dry. For classification, a clay is a
fine-grained soil, or the fine-grained portion of a soil, with a
plasticity index equal to or greater than 4, and the plot of
plasticity index versus liquid limit falls on or above the A"
line (see Fig. 3 of Test Method D 2487).

3.1.1.3 gravel—particles of rock that will pass a 3-in.
(75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve
with the following subdivisions:

coarse—passes & 3-in. (75-mm) sieve and is retained on a
Ya-in. (19-mm) sieve.

fine—passes a ¥-in. (19-mm) sieve and |s retained on a
No. 4 (4.75-mm) sieve,

3.1.1.4 organic clay—a clay with sufficient organic con-
tent to influence the soil properties. For classification, an
organic clay is a soil that would be classified as a clay, except
that its liquid limit value after oven drying is less than 75 %
of its liquid limit value before oven drying.

3.1.1.5 organic silt—a silt with sufficient organic content
to influence the soil properties. For classification, an organic
silt is a soil that would be classified as a silt except that its
liquid limit value after oven drying is less than 75 % of its
liquid limit value before oven drying.

3.1.1.6 peat—a soil composed primarily of vegetable tissue
in various stages of decomposition usually with an organic
odor, a dark brown to black color, a spongy consistency, and a
texture ranging from fibrous to amorphous.

3.1.1.7 sand—nparticles of rock that will pass a No. 4
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GROUP SYMBOL

GROUP NAME

* Lean clay

<30% plus No, 200 Y(IS% plus No, 200
’ 15-25% plus No, 200 -tz % sand >% gravel —— Lean clay with 1and

% sand <% gravel —— L_ean clay with gravel

% sand 2% of gravel ? <15% gravel —— Sandy lean clay
230% plus Ne. 200< 215% gravel ~———————" Sandy lean clsy with gravel
% sand < gravel —==————— <15% sand ————— Gravelly lean clay

215% sand — " Gravelly lean clay with sand

> Silt

15-25% plus No. 200? % sand 2% gravel ————a~ Silt with sand

% sand <% gravel ———= Silt with gravel

v % sand >% of gravel ———» <15% grave| ————— Sandy silt

215% gravel ————- Sandy silt with gravel

% sand <% gravel?: <15% sand ——————— Gravelly silt
215% sand ~————————p- Gravelly silt with sand

- Fat clay

<30% plus No, 200 ?: <15% plus No. 200
15-25% plus No. 200'—<:"‘ sand >% gravel ——— Fat clay with sand

% sand <% gravel —— Fat clay with gravel

% sand >% of qravelt: <15% gravel ~—————»= Sandy fat clay
>30% plus No. zoo<:

215% gravel =—————— Sandy fat clay with gravel

% sand <% grave! —?(15% sand ——————p= Gravelly fat clay

CL
<30% plus No. 200 -—:.:—:: <15% plus No. 200
ML
&~ >30% plus No. 200 <\—
CH
<30% plus No. 200 <:: <15% plus No. 200
MH

215% 1and —————Gravelly fat clay with sand

=~ Elastic siit

15-29% plus No. 200 ——\——\* % sand >% gravel —— Elastic »ilt with sand

% sand <% gravel ————a= Elastic silt with gravel

215% gravel —————- Sandy elastic 1ilt with gravel

' % sand 2% of gravel s> <15% gravel ————- Sandy elastic st
>30% plus No. 200 <:

% sand <% gravel T:«sx sand ————— = Gravelly elastic silt

Z>15% 3and ———————»= Gravelly elastic silt with sand

NoTe—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. ta Flow Chart for Identifying Incrganic Fine-Grained Soil (50 % or more fines)

(4.75-mm) sieve and be retained on a No, 200 (75-pm) sieve
. with the following subdivisions:

coarse—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) sieve.

medium-—passes a No. 10 (2.00-mm) sieve and is retained
on a No. 40 (425-pm) sieve.

Jine—passes a No. 40 (425-um) sieve and is retained on a
No. 200 (75-pm) sieve.

3.1.1.8 silt—soil passing a No. 200 (75-um) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-
grained soil, or the fine-grained portion of a soil, with a
plasticity index less than 4, or the plot of plasticity index
versus liquid limit falls below the “A” line (see Fig. 3 of Test
Method D 2487).

GROUP SYMBOL

<30% plus No. 200 ~<: <15% plus No., 200

15-25% plus No, 200 ——Th % sand 2% grave——~ Qrganic 10il with sand

OL/OH

4. Summary of Practice

4.1 Using visual examination and simple manual tests,
this practice gives standardized criteria and procedures for
describing and identifying soils.

4.2 The soil can be given an identification by assigning a
group symbol(s) and name. The flow charts, Figs. 1a and b
for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol(s) and name.
If the soil has properties which do not distinctly place it into
a specific group, borderliie symbols may be used, see
Appendix X3.

Note 3—1t is suggested that a distinction be made between dual
symbols and borderline symbols.

Dual Symbol—A dual symbol is two symbols separated by a hyphen,
for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has
been identified as having the properties of a classification in accordance
with Test Method D 2487 where two symbols are required. Two
symbols are required when the soi! has between 5 and 12 % fines or

GROUP NAME

Organic 10il
% s1and <% gravel — Organic 10il with gravel

>15% gravel —————— Sandy organic soil with gravel

% 1end D% gravel T: <15% gravel ——————» Sandy organic 10
>30% plus No. 200 <:

% sand <% gravel

<15% sand —————— Gravelly organic 10il
2>15% 1and ===~ Gravelly organic 10il with 1and

NoTte~—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %,
FIG. 1b Flow Chart for Identitying Organic Fine-Grained Soil (5¢ % or more fines)
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<5% tiney Wall-greded

GROUP SYMBOL GROUP NAME

Poorly graded

<15% nand » Watl-graded gravel
\_\215x rand ———e= Wall:graded gravel with 1aad

GP

<15% wand Poorly graded gravel
‘—__‘215'5 tand ——w= Poatly graded graval with sand
. GW‘G M \<|51 wnd Waell-graded gravel with silt
215% wad ———»= Wall-graded gravel with silt and sand
GW-GC T S15% wane Wellgraded gravel with clay
215% wund ————p- Weil-graded gravel with clay snd sand
GP-GM <15% sand Poarly graded gravel with silt

Poorly greded ? tinas=ML or MH

tines=ML or MH
>15% finos —

== {in&y=CL or CH

215% tand ——— Poorly graded gravel with tiftt snd sand
GP'GC? <15% tand ——a Poorly graded graval with clay

215% 1and == Poorly greded gravei with clay and sand

—\ <15% sand Silty gravel

215% tand ———- Silty gravel with sand

<15% sand Clayey gravel
\\ 215% sand ———» Clayey gravel with sand

Well-graded
<85% ﬁml<
Poorly greded

-SW <15% graval —— Wall graded send
\*Zﬁx gravel ———e= Wellgraded sand with gravel

SAND
% 1nd 2
guvel

et finea=ML or MH

215% finer

~—® fines=CL or CH

Wellgraded =ML or MH
GRAVEL \
« gravet 10% lines fines=CL or CH
% tand .
s fives=CL or CH

~— fines=MiL. o MH ———— SP'SM—Q
Poorly nudrd-<:
finws=CL or CH -

<15% gravel ———s~ Poorly greded sand
‘\"‘2151 gravel ———s= Poorly graded sand with gravel

S15% gravel ——o~ Well-graded sand with silt and gravel
SW S C -q_—:: <15% gravel ———o= Wallgraded sand with clay
215% gravel ———= Wall-graded sand with clay and grave)
- <i5% gravei —— Pooily giaded iand with it
. >15% gravel ——= Paorly graded sand with silt snd gravel
SP-SC 1% e —» Poorly graded sand with clay

215% gravel ———m= Poorty graded sand with clay and gravel

fines=ML or MH — - SW-SM -<:<|sx gravel ———u- Wallgraded sand with silt
Wetl-quded‘<: ith 1i
finer=CL or CH = i
10% finas

<15% geavel ——= Silty 1and
\ 215% gravel ——= Sitty tand with gravel

<15% gravel ———s= Clayay sand
\ >18% gravel ——~ Clayey sand with gravel

NoTe—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 2 Flow Chart for ldentifying Coarse-Grained Soils (less than 50 % fines)

when the liquid limit and plasticity index values plot in the CL-ML area
of the plasticity chart.

Borderline Symbol—A borderline symbol is two symbols separated
by a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol
should be used to indicate that the soil has been identified as having
properties that do not distinctly place the soil into a specific group (see
Appendix X3). ' '

5. Significance and Use

5.1 The descriptive information required in this practice
can be used-to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.2 The descriptive information required in this practice
should be used to supplement the classification of a soil as
determined by Test Method D 2487.

5.3 This practice may be used in identifying soils using the
classification group symbols and names as prescribed in Test
Method D 2487. Since the names and symbols used in this
practice to identify the soils are the same as those used in
Test Method DD 2487, it shall be clearly stated in reports and
2ll other appropriate documents, that the classification
symbol and name are based on visual-manual procedures.

5.4 This practice is to be used not only for identification
of soils in the field, but also in the office, laboratory, or
wherever soil samples are inspected and described.

5.5 This practice has pamcular value in grouping similar
seil samples so that only a minimum number of laboratory
tests need be run for positive soil classification.

NOTE 4—The ability to describe and identily soils correctly is learned
more readily under the guidance of experienced personnel, but it may
450 be acquired systematicaily by comparing numericat laboratory test
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results for typical soils of each type with their visual and manual
characteristics.

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be
grouped together; one sample completely described and
identified with the others referred to as similar based on
performing only a few of the descriptive and 1dent1ﬁmnon
procedures described in this practice.

5.7 This practice may be used in combination with
Practice D 4083 when working with frozen soils.

6. Apparatus
6.1 Required Apparatus:

§.1.1 Pocket Knife or Small Spatula
6.2 Useful Auxiliary Apparatus:
6.2.1 Small Test Tube and Stopper (or jar with a lid).

6.2.2 Small Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean water from a city
water supply or natural source, including non-potable water.

7.2 Hydrochioric Acid—A smaii bottie of dilute hydro-
chlonic acid, HCI, one part HCI (10 N) to three parts water

(This reagent is optional for use with this practice). See
Section 8.
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(¢) Subrounded
FIG. 3 Typical Angularity of Bulky Grains

8. Safety Precautions

8.1 When preparing the dilute HCI solution of cne part
concentrated hydrochloric acid (10 N) to three parts of
distilled water, slowly add acid into water following necessary
safety precautions. Handle with caution and store safely. If
solution comes into contact with the skin, rinse thoroughly
with water.

[= 0 TR o RS S, | g, NSRSV sssmdn = Tl
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9. Sampiing
9.1 The sample shall be considered to be representative of

the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

Nove 5-—Preferably, the sampling procedure should be identified as
having been conducted in accordance with Practices D 1452, D 1587, or
D 2113, or Method D 1586.

9.2 The sample shall be carefully identified as to origin.

Norte 6—Remarks as 1o the origin may take the form of a boring
number and sample number in conjunction with a job number, a
geologic stratum, a pedologic horizon or a location description with
respect 10 a permanent monument, a grid system or a station number
and offset with respect to a stated centerline and a depth or elevation.

- 9.3 For accurate description and identification, the min-
imum amount of the specimen to be examined shall be in

TABLE 1 Criteria for Describing Angularity of Coarse-Grained
Particles (see Fig. 3)

Description Criteria
Angutar Particies have sharp edges and relatively plane sides with
unpolished surlaces

Subanquiar Parlicles are simiiar (0 angular descripion but have
rounded odges
Subrounded Particles have nearly plane sides bul have wel-rounded

corners and edges

1 -y - .~ o telme nead e carferoe
Roundead Particles have smoothly curved sides and no cdyges

(d) Subangular

accordance with the following schedule:

Maximum Panticte Sizc, Minimuem Specimen Size,

Sieve Opening Dry Weight
4.75 mm (No. 4) 100 g (C.25 1b)
§.5 mm {¥s in.) 200 g (0.5 ib)
19.0 mm (¥ in.) 1.0 kg (2.2 Ib)
38.1 mm (1% in.) 8.0 kg (18 1b})
750 mm (3 in.) 60.0 kg {132 1b)

NOTE 7—If random isoiated particies are encountered that are
significantly larger than the particles in the soil matrix, the soil matrix
can be accurately described and identified in accordanoc with the
preceeding schedule.

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended amount, the
report shall include an appropriate remark.

10. Descriptive Information for Soils

10.1 Angulariip—Describe the angularity of the sand

(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity may be
stated, such as: subrounded to rounded.

10.2 Shape-—Describe the shape of the gravel, cobbles,
and boulders as flat, elongated, or flat and elongated if they
meet the criteria in Table 2 and Fig. 4. Otherwise, do not
mention the shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the gravel particles are
flat.

10.3 Color—Describe the color. Color is an important
property in identifying organic soils, and within a given

TABLE 2 Criteria for Describing Particle Shape {see Fig. 4)
The particle shape shall be described as follows where length, width, and

thickness refer {a the greatest, intermediale, and least dimensions of a particle,
respeclively.

Flat Particles with widthfihickness > 3

Elongaled Particles wilh Icnglhfwndlh >3

Fiat and elon Sarticios miaet anlera lor both 1l

Fiat and elongated Farutigs mieel Crilcrnia wor ootn

el o

at and eiongaied

s D e e A
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PARTICLE SHAPE

W=WIDTH
T=THICKNESS
L=LENGTH

T
FLAT: W/T>3
ELONGATED: L/W =3
FLAT AND ELONGATED:
—meets both criteria
FIG. 4 Criteria for Particle Shape
TABLE 3 Criteria for Describing Moisture Condition
Description Criteria
Dry Absence of moisture, dusty, dry 1o the touch
Moist Damp but no visible water
Wet Visible free water, usually soil is below water table

locality it may also be useful in identifying materials of
similar geologic origin. If the sample contains layers or
patches of varying colors, this shall be noted and all
representative colors shall be described. The color shall be
described for moist samples. If the color represents a dry
condition, this shall be stated in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is
especially apparent in fresh samples, but if the samples are
dried, the odor may often be revived by heating a moistened
sample. If the odor is unusual (petroleum product, chemical,
and the like), it shall be described.

10.5 Moisture Condition—Describe the moisture condi-
tion as dry, moist, or wet, in accordance with the criteria in
Table 3.

10.6 HC! Reaction—Describe the reaction with HCI as
none, weak, or strong, in accordance with the critera in
Table 4. Since calcium carbonate is a common cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid is important.
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TABLE 4 Criteria for Describing the Reaction With HCI
Dascription Criteria
None Nq visible reaction
Weak Some reaclion, with bubbles torming slowly
Strong Violent reaction, with bubbles forming immediately

TABLE 5 Criteria for Describing Consistency

Description Criteria
Very soft Thumb will penetrate soil more than 1 in. (25 mm)
Soft Thumb will penetrate soil about 1 in. (25 mm)
Firm Thumb will indent soil about Y in. (6 mm)
Hard Thumb will not indent seil but readily indented with thumbnail
Very hard Thumbnail will nat indent soil

10.7 Consistency—For intact fine-grained soil, describe
the consistency as very soft, soft, firm, hard, or very hard, in
accordance with the criteria in Table 5. This observation is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accord-
ance with the criteria in Table 6.

10.9 Structure—Describe the structure of intact soils in
accordance with the criteria in Table 7.

10.10 Range of Particle Sizes—For g,ravel and sand com-
ponents, describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % fine to coarse gravel, about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the maximum
particle size found in the sample in accordance with the
following information:

10.11.1 Sand Size—If the maximum particle size is a
sand size, describe as fine, medium, or coarse as defined in
3.1.6. For example: maximum particle size, medium sand.

10.11.2 Gravel Size—If the maximum particle size is a
gravel size, describe the maximum particle size as the
smallest sieve opening that the particle will pass. For
example, maximum particle size, 1Yz in. (will pass a 1V4-in.
square opening but not a ¥s-in. square opening).

10.11.3 Cobble or Boulder Size—If the maximum particle
size is a cobble or boulder size, describe the maximum
dimension of the largest particle. For example: maximum
dimension, 18 in. (450 mm).

10.12 Hardness—Describe the hardness of coarse sand
and larger particles as hard, or state what happens when the
particles are hit by a hammer, for example, gravel-size
particles fracture with considerable hammer blow, some
gravel-size particles crumble with hammer blow. “Hard”
means particles do not crack, fracture, or crumble under a
hammer blow,

10.13 Additional comments shaill be noted, such as the
presence of roots or root holes, difficulty in drlling or
augering hole, caving of trench or hole, or the presence of
mica.

10.14 A local or commercial name or a geologic interpre-

TABLE 6 Criteria for Describing Cementation

Description Criteria

Weak Crumbles or breaks with handling or little finger pressure
Moderate Grumbles or breaks with considerable flinger pressure
Strong Will not erumble or break with finger pressure
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TABLE 7 Criteria tor Describing Structure
Description Criteria
Stratified Alternating layers of varying material or color with layers at
least 6 mm thick; note thickness
Laminated Alternating layers of varying material or color with the.

layers less than 6 mm thick; note thickness
Fissured Breaks along definite planes of fracture with little
resistance to fracturing

Slickensided Fracture planes appear polished or glossy. sometimes
striated

Biocky Cohesive soil that can be broken down into small angular
lumps which resist further breakdown

Lensed Inclusion of small pockets of different seils, such as small
lenses of sand scattered through a mass of clay: nole
mimlmans

Homogeneous Same color and appearance throughout

tation of the soil, or both, may be added if identified as such.

10.15 A classification or identification of the soil in
accordance with other classification systems may be added if
identified as such.

11. Identification of Peat ,
11.1 A sample composed primarily of vegetable tissue in

" various stages of decomposition that has a fibrous to

amorphous texture, usually a dark brown 1o black color, and
an organic odor, shall be designated as a highly organic soil
and shall be identified as peat, PT, and not subjected to the
identification procedures described hereafter.

12. Preparation for Identification

12.1 The soil identification portion of this practice is
based on the portion of the soil sample that will pass a 3-in.
{75-mm) sieve. The larger than 3-in. (75-mm} particles must
be removed, manually, for a loose sample, or mentally, for
an intact sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
percentdge of boulders. Performed visually, these estimates
will be on the basts of volume percentage.

Nb‘n-: 8—Since the percentages of the particle-size distribution in
Test Method D 2487 are by dry weight, and the estimates of percentages

for gravel, sand, and fines in this practice are by dry weight, it is -

recommended that the report state that the percentages of cobbles and
boulders are by volume. '

12.3 Of the fraction of the soil smaller than 3 in. (75 mm),
estimate and note the percentage, by dry weight, of the
gravel, sand, and fines (see Appendix X4 for suggested
procedures).

NoTE 9—Since the particle-size components appear visually on the
basis of volume, considerable experience is required to estimate the
percentages on the basis of dry weight. Frequent comparisons with
laboratory particle-size analyses should be made.

12.3.1 The percentages shall be estimated to the closest
5 %. The percentages of gravel, sand, and fines must add up
to 100 %.

12 3 2 1f one of the componcnls is present but not in

3-in. (75 mm) poruon, mdlcale ns prescnce ‘by thc term
trace, for example, trace of fines. A trace 15 not to be
considered in the total of 100 % for the components.

13. Preliminary Identification
13.1 The soil is fine grained if it contains 50 % or more

fines. Follow the procedures for identifying fine-grained soils
of Section 14.

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14. Procedure for Identifying Fine-Grained Soils

14.1 Select a representative sample of the material for
examination. Remove particles larger than the No. 40 sieve
{medium sand and larger) until a specimen equivalent to
about a handful of matenal is available. Use this specimen
for performing the dry strength, dilatancy, and toughness
tests.

14.2 Dry Strength:

14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the
material until it has the consistency of putty, adding water if
necessary.

l‘!‘ .4 A rrom lﬂC munucu mdu‘:ﬁ.‘u mdl(l: at lwt mrcc iesi
specimens. A test specimen shall be a ball of material about
% in. (12 mm) in diameter. Allow the test specimens to dry
in air, or sun, or by artificial means, as long as the
temperature does not exceed 60°C.

14.2.3 If the test specxmen contains natural dry lumps,
those that are about 2 in. (12 mm) in dlamcter may be used
in place of the molded balls.

NotE 10—The process of molding and drying usually produces

higher strengths than are found in natural dry lumps of soil.

14.2.4 Test the strength of the dry - balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or very high in accorance with the criteria in
Table 8. If natural dry lumps are used, do not use the results
of any of the lumps that are found to contain particles of
coarse sand.

14.2.5 The presence of high-strength water-soluble ce-
menting matenals, such as calcium . carbonate, may cause
exceptignally high dry strengths. The presence of calcium

rarlanata anm nienally ha Astactad fram tha intencitv af the

AL UAVLIALY WAl Moy Ve WULVLTVAL BV UG BHILVIIDILY W ML

reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enough material to mold
into a ball about % in. (12 mm) in diameter. Mold the
material, adding water if necessary, until it has a soft, but not
sticky, consistency.

14.3.2 Smooth the soil ball in the paim of one hand with
the blade of a knife or small spatula. Shake honzontally,
striking the side of the hand vigorously against the other
hand several times. Note the reaction of water appearing on

TABLE 8 Criteria for Describing Dry Strength

Description Criteria

Mone The dry specimen crumbles into powder with mere prassure
ol handling

Low The dry specimen crumbles into powder with some finger
pressure

Medium The dry specimen breaks into pieces or crumbles with
considerable finger pressura

High The dry specimen cannot be broken with finger pressure.
Specimen will break into pieces between thumb and a hard
surlace

Very high The dry specimen cannot be broken between tha thumb and a

hard surlace
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TABLE 9 Criteria for Describing Dilatancy

Description

Criteria

None No visible change in the specimen

Slow Waler appears slowly an the surface of the specimen during
shaking and does not disappear or disappears slowly upon
squeazing

Rapid Waler appears quickly on the surface of the specimen during

shaking and disappears quickly upon squeezing

TABLE 10 Criteria for Describing Toughness
Description

Criteria

Low Only slight pressure is required to roll the thread near the
plastic limit. The thread and the lump are weak and soft

Medium Medium pressure is required to roll the thread to near the
plastic fimit. The thread and the lump have medium stitiness

High Considerable pressure is required to roll the thread to near the

plastic limit. The thread and the lump have very high
stiffness

the surface of the soil. Squeeze the sample by closing the

hand or pinching the soil between the fingers, and note the -

reaction as none, slow, or rapid in accordance with the
criteria in Table 9. The reaction is the speed with which
water appears while shaking, and disappears while squeezing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
test specimen is shaped into an elongated pat and rolled by
hand on a smooth surface or between the palms into a thread
about ¥ in. (3 mm) in diameter. (If the sample is too wet to
roll easily, it should be spread into a thin layer and allowed
to lose some water by evaporation.) Fold the sample threads
and reroll repeatedly until the thread crumbles at a diameter
of about % in. The thread will crumble at a diameter of Ya
in. when the soil is near the plastic limit. Note the pressure
required to roll the thread near the plastic limit. Also, note
the strength of the thread. After the thread crumbles, the
pieces should be lumped together and kneaded until the
lump crumbles. Note the toughness of the material during
kneading,.

14.4.2 Describe the toughness of the thread and lump as
low, medium, or high in accordance with the criteria in
Table 10.

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an irorganic or an organic
fine-grained soil (see 14.8). If inorganic, follow the steps
given in 14.7,

14.7 Identification of Inorganic Fine-Grained Soils:

TABLE 11 Criteria for Describing Plasticity

14.7.} Identify the soil as a fean clay, CL, if the soil has
mecdium to high dry strength, no or slow dilatancy, and
medium toughness and plasticity (see Table 12),

14.7.2 Identify the soil as a fat clay, CH, if the soil has
high to very high dry strength, no dilatancy, and high
toughness and plasticity (see Table 12).

14.7.3 Identify the soil as a sift, ML, if the soil has no to
low dry strength, slow to rapid dilatancy, and low toughness
and plasticity, or is nonplastic {sce Table 12).

14.7.4 ldentify the soil as an elastic silt, MH, if the soil has
low to medium dry strength, no to slow dilatancy, and low to
medium toughness and plasticity (see Table 12).

NoTe 11—These properties are similar to those for a lean clay,
However, the silt will dry quickly on the hand and have a smooth, silky
feel when dry. Some soils that would classify as MH in accordance with
the criteria in Test Method D 2487 are visually difficult to distinguish

from lean clays, CL. It may be necessary to perform laboratory testing
for proper identification.

14.8 Identification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, if the
soil contains enough organic particles to influence the soil
properties. Organic soils usually have a dark brown to black
color and may have an organic odor. Often, organic soils will
change color, for example, black to brown, when exposed to
the air. Some organic soils will lighten in color significantly
when air dried. Organic soils normally will not have a high
toughness or plasticity. The thread for the toughness test will
be spongy.

Note 12—In some cases, through practice and experience, it may be
possible 1o -further identify the organic soils as organic silts or organic
clays, OL or OH. Correlations between the dilatancy, dry -strength,
toughness tests, and laboratory tests can be made to identify organic soils
in certain deposits of similar materials of known geologic origin.

14.9 If the soil is estimated to have 15 to 25 % sand or
gravel, or both, the words “with sand” or “with gravel”
(whichever is more predominant) shall be added to the group
name. For example: “lean ¢lay with sand, CL” or “silt with
gravel, ML" (see Figs. la and 1b). If the percentage of sand s
equal to the percentage of gravel, use “with sand.”

14.10 Ifthe soil is estimated to have 30 % or more sand or
gravel, or both, the words “sandy” or “gravelly” shall be
added to the group name. Add the word “sandy” if there
appears to be more sand than gravel. Add the word
“gravelly” if there appears to be more gravel than sand. For
example: “sandy lean clay, CL", “gravelly fat clay, CH™, or
“sandy silt, ML" (see Figs. 1a and 1b). If the percentage of
sand is equal to the percent of gravel, use “sandy.”

15. Procedure for Identifying Coarse-Grained Soils (Con-
tains less than 50 % fines)

15.1 The soil is a gravel if the percentage of gravel is
esttmated to be more than the percentage of sand.

Description Criteria

Nonplastic A Ve-in. (3-mm) thread cannpt be rolled at any water content

Low The thread can barely be rolled and the lump cannot be TABLE 12 Identification of inorganic Fine-Grained Soils from
formed when drier than the plastic limit Manual Tests

Medium The thread is easy to roll and not much time is required to Sod r
reach the plastic limit. The thread cannat be rerolled after Symbol Dry Strength Dilatancy Toughness
reaching the plastic limit. The tump crumbles when drier th

! than the plastic fimit ML None to low Slow to rapid Low or thread cannot be

High It \akes considerable time rolling and kneading 1o reach the formed
plastic limit. The thread ¢an be rerolled several times after CcL Medium 1o high None to slow Medium
reaching the plastic imit. The lump can be formed without MH Low to medium Hone 1o slow Low to medium
crumbling when drier Ihan the plastic fimit CH High o very high None High
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15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand if the
percentage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

[5.3.2 Identify the soil as a poorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
graded).

15.4 The soil is either a gravel with fines or a sand with
Jines if the percentage of fines is estimated to be 15% or
more.

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14.

15.4.2 Identify the soil as a silty gravel, GM, or a silty
sand, SM, if the fines are silty as determined hv the
procedures in Section 14.

15.5 If the soil is estimated to contain 10 % fines, give the
soil a dual identification using two group symbols.

15.5.1 The first group symbol shall correspond to a clean
gravel or sand (GW, GP, SW, SP) and the second symbol
shall correspond to a gravel or sand with fines (GC, GM, SC,
SM).

15.5.2 The group name shall correspond to the first group
symbol plus the words “with clay” or “with silt” to indicate

104 veti he finee Far avamnlas
the plasticity characteristics of the fines. example:

“well-graded gravel with clay, GW-GC” or “poorly graded
sand with silt, SP-SM™ (see Fig. 2).

15.6 If the specimen is predominantly sand or gravel but
contains an estimated 15 % or more of the other coarse-
grained constituent, the words “with gravel” or “with sand”
shall be added to the group name. For example: “poorly
graded gravel with sand, GP” or “clayey sand with gravel,
SC” (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders,
or both, the words “with cobbles” or “with cobbles and
boulders™ shall be added to the group name. For example:

“silty gravel with cobbles, GM.”

S

16. Report

16.1 The report shall include the information as to origin,
and the items indicated in Table 13.

Note 13—Example: Clayey Gravel with Sand and Cobbles, GC—
About 50 % fine to coarse, subrounded to subangular gravel; about 30 %
fine to coarse, subrounded sand; about 20 % fines with medium
plasticity, high dry strength, no dilatancy, medium toughness; weak

TABLE 13 Checklist tor Description of Soils

Group name

Group symbol

Percent of cobbies or bouiders, or both by voiume)
Percent of gravel, sand, or fines, or all three {by dry weight)
Particle-size range:

nawna

Gravel—fineg, coarse

Sand—fine, medium, coarse
. Particle angularity: angular, subangular, subrounded, rounded
. Particle shape: (if appropriate) flal, elongated, flat and elongated
Maximum particle size or dimension
Hardness of coarse sand and larger particles
10. Plasticity of fines: nonplastic, low, medium, high
11. Dry strength: none, low. medium, high, very high
12, Dilatancy: none, skow, rapid
13. Toughness: low, medium, high
14, Cotor {in moist condition)
15. Odor {mention only if organic or unusual)
16. Moisture: dry, moist, wet
17. Reaction with HCI: none, weak, strong
For intact samples:
18, Consistency (fine-grained soils only): very soft, soft, fim, hard, very hard

LeNm

19. Structure: stratified, laminated, fissured, slickensided, lensed, homo-
geneous

20. Cementation: weak, moderate, strong

21. Local name

22. Geologic interpretation

23. Additionat comments: presence of roots or root holes, presence of mica,

gypsum, etc., surface coatings on coarse-grained particles, caving or
sloughing of auger hole or trench sides, difficully in augering or excavating,
atc.

reaction with HCl; original field sample had about:5 % (by volume)
subrounded cobbles, maximum dimension, 150 mm.

In-Place Conditions—Firm, homogeneous, dry, brown

Geologic Interpretation—Alluvial fan

NoTe 14—Other examples of soil descriptions and identification are
given in Appendixes X1 and X2.

Note |5—If desired, the percentages of gravel, sand, and fines may
be stated in terms indicating a range of percentages, as follows:

Trace—Particles are present but estimated to be less than 5 %

Few—510 10 %

Little—151025 %
('Ame_'ln 1045 %

Mostiy—50 to 100 %

16.2 If, in the soil description, the soil is identified using a
classification group symbol and name as described in Test
Method D 2487, it must be distinctly and clearly stated in log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.

17. Precision and Bias

17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable

LICIGIRIL, 4 el = Ligs sallil 23 UL SRl UE Y.

18. Keywords

18.1 classification; clay; gravel; organic soils; sand; silt;

soil classification; soil description; visual classification
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SCOPE AND APPLICATION

A Modified Method ASTM D422-63 is used to determine the distribution of grain sizes in
selected soil samples in the field. Particles will be identified as gravel, various grades of sand,
silt and clay.

SUMMARY OF THE METHOD

A weighed quantity of moist soil is dried in the field by heating over a flame. When dry, the
soil is weighed again. The dried soil is transferred to a stacked series of sieves, with the
coarsest sieve at the top, grading to progressively finer sieves and finally to a solid pan at the
bottom. The soil/sicves are shaken and rotated until the various contained grain sizes have come
to rest on the appropriate sieve. The weight of the soil and drying pan are determined and
recorded in increments as each sieve is emptied into the pan. The percent of material finer than
each sieve is calculated, and plotted vs. grain size on semilog paper, giving the sample’s grain
size curve.

DRYING AND SIEVING OF SOIL

Apparatus and Materials

L Scale (beam balance or equivalent), readable to 0.01 g, with a capacity >500
grams. Calibrated per C/SS EW-321.

L Drying pan (aluminum pie pan will do).
. Heat source (hot plate or camp stove).

] Sieves - Typically #10, #20, #40, #60, #100, and #200, with bottom pad and lid.
Calibrated per C/SS EW-452.

° Spatula.

. Fine-bristled brush.
. Semilog paper.

] Hand lens (optional).

° Squirt bottle.

Q456APX. D
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* Paper towels.

° Matches (to light camp stove).

PROCEDURE
L Record all weights and calculations on Form F-1.
s Weigh drying pan and record weight. 1
L Place portion of moist soil (between 300 to 500 grams) in drying pans and weigh. 2

] Heat soil in drying pan. Shake pan or stir soil during heating to thoroughly dry
all portions of soil. Be careful not to shake or stir so strongly as to cause a
portion of the soil to fall out of the pan.

. Heat soil in well-ventilated area only. Environmental samples may contain
quantities of organic compounds which may be volatilized by heating. If unusual
odors are noted, check breathing zone with an OVA or HNu, and follow
recommended field action levels of respiratory protection, as presented in the Site
Health and Safety Plan.

° When soil has been dried, examine soil particles closely. Drying sometimes
causes fines to stick to sand and gravel. If a coating of fines is noted, gently rub

the soil with your finger or a solid soft tool to break up the agglomerates. Do not
rub so strongly as to crush existing grains.

° Weigh the drying pan with the dried soil. Record weight. 3

Before Sieve Analysis, Compute

Weight of Wet Soil = Weight of Pan and - Weight of Pan

4 Moist Soil 7
2
Waiaht nf DNrmsd Cnil — Waoaiaht nf Dan and _ W aiaht Af Dan
A \.—lslll. Vi AFLLIVAL w2V LA d Ulslll». i L all aliu Yy Ulsll.l. wi rqaun
5 Dried Soil 1
3
Weight of Water in = Weight of Pan and - Weight of Pan and
Soil Moist Soil Dried Soil
6 2 3

Q456APX.B




| —

. Prepare the sieve stack. A typical sieve stack will consist of the following sieves:
#10, #20, #40, #60, #100, and #200. The #200 is sometimes deleted, as it is
difficult to use and maintain in the field.

L Carefully transfer the dried soil into the top of the sieve stack. Use a fine-
bristled brush to get all of the soil out of the pan. Sieves are to be stacked with
the coarsest sieve on top grading progressively finer to a solid pan at the bottom.

] Place a lid on the top sieve. Pick up the stack, and shake and rotate until the
various grain sizes have come to rest on the appropriate sieve (10-15 minutes).

L Remove each sieve (from top to bottom) one at a time. Carefully transfer the
sieve contents to the previously weighed pan. Record the cumulative weight of
the dry soil and the pan in column A of Form F-1. Repeat for each sieve and the
bottom pan.

After Sieve Analysis, Compute

Weight of Dried Soil = Weight of Pan and - Weight of Pan
8 - Dried Soil 1
7
% Variance = (Weight of Dried Soil + Weight of Dried Soil X 100
9 After Sieve Analysis Before Sieve Analysis)
8 5
® If the % variance is more than 10%, reevalvate each step of the process to

attempt to discover the source of this error (i.e., soil spilled during sieving or soil
trapped in the sieve screens).

PLOTTING THE RESULTS

Procedure

-G U .-

Before Plotting, Compute

Cumulative Weight = Cumulative Weight of - Weight of Pan
Dry Soil Retained Dry Soil and Pan 1
B A
% Retained = (Cumulative Weight -+ Weight of Dry Soil x 100
C Dry Soil Retained After Sieve Analysis)
B 8
% Finer = 100 - % Retained
n r©r
L’ o
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e Results are plotted on semilog paper as sieve size (or slot opeming size) vs
cumulative percent finer.

L Plot the data on semilog paper, with cumulative percent finer on the standard Y-
axis, increasing to 100 percent from O percent at the origin, and sieve opening on
the logarithmic X-axis, increasing from 0 at the origin.

CONCLUSION ,
* Accuracy and precision of measurements are improved by maintaining equipment

in meticulously clean working order. Sieves should be thoroughly cleaned after
each use, removing trapped grains from the sieve screens, and rinsing each with
distilled water to wash way fines. Prevent beam balance from receiving physical
shocks and make sure it is solidly positioned and zeroed before use.

N E N BN N EE AR TR W aE =
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FORM D-1 Sheet _ of
Grain Size Analysis of Soils
nasv @ *TERew ' Field Procedure Modified ASTM D422-63
l Project: AFP 59 Remedial Investigation Project No.: 949033
) Client: U.S, Air Force Client Project No.:
| Boring No./Sample Location: Tested By: Date:
Sample No.: Computed By: Date:
l Sample Depth/Elevation: Checked By: Date:
Before Sieve Analysis
l 3 weight of dry soil + pan — B 2 Weight of moist soil + pan I -
1 Weight of pan 2| Iweightofpan I
l § Weight of dry soil (3 — 1) 8| 4 Weight of moistsoil (2 — I) N
Sieve Set No. ] 6 Weight of water in s0il (2 — 3) I -1
l U.S. A I B c D
Si?“! Cumaulative Weight Dry Weght of Pan Cumulative Weight Dry % Retained % Finer
Size Soil + Pan (grams) (grams) Soil Retained (grams) (B + 8 % 100) (100 - C)
l (A-1
|

10

20

100

200

Pan 7

After Sieve Analysis Remarks:

7 Weight of dry soil + pan

R WS n I B B EE .
&

{Last entry in column A) I
1 Weight of pan g2
&8 Weight of dry sail (7 — 1) N
9 % Vaniance (§/5) x 100 = %

Note: Pie pans are to be used for a drying pan.
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