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ARARs Applicable or Relevant and Appropriate Requirements
ASTM American Standards for Testing Materials
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CERCLA Comprehensive Environmental Response, Compensation, and Liability
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NPL National Priorities List
QA Quality Assurance
QAM Quality Assurance Manager
QAO Quality Assurance Officer
QAMP Quality Assurance Management Plan
QAPP Quality Assurance Project Plan
QC Quality Control
RAS Routine Analytical Services
RCRA Resource Conservation and Recovery Act
RI/FS Remedial Investigation/Feasibility Study
RFI RCRA Facility Investigation
RPM Remedial Project Manager
RPC RCRA Project Coordinator
RPW RCRA Permit Writer
RQAM Regional Quality Assurance Manager
SAP Sampling and Analysis Plan
SARA Superfund Amendments and Reauthorization Act
SAS Special Analytical Services
SMC Sample Management Coordinator
SMO Sample Management Office
SOP Standard Operating Procedure
SOW Statement of Work
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TAL Target Analyte List
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VOC Volatile Organic Compound

10010465.GLO

VI



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION V

DATE: June 28, 1993

SUBJECT: Addendum to Appendix A of the Quality Assurance Project
Plan for the Fund-lead Remedial
Investigation/Feasibility Study for the Carter-Lee
Lumber Superfund Site in Indianapolis, Indiana.

FROM: Deborah Orr/VT'
Remedial Project Manager

TO: File

Attached is a copy of the referenced document for your
records. This amendment documents a decrease in the
analytical services required for the second phase at
the site and adds a groundwater user survey. The QAPjP
for this site was given conditional approval on
September 28, 1992. This change in the QAPjP is
approved.

If you have any questions, I can be reached at 6/7576.

cc: Kenneth Gunter, SQ-14J
Kaushal Khanna, HSRLT-5J

Dale Cira, CH2M Hill



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

77 WEST JACKSON BOULEVARD
CHICAGO. IL 60604-3590

FAX TRANSMITTAL REPLY TO THE ATTENTION OF:

DATE:

SUBJECT:

PROM:

TO:

September 28, 1992

QAPP Approval far Carter Lee Lumber Co. Super fund Site
ifBT

Deborah Orr \r
Remedial Project Manager

Laura Peterson
CH2M Hill
(414)272-4408

As we discussed Friday, I've attached a copy of the
contingent approval for the QAPP. I will be sending a
hard copy out today along with copies of the SAS's
requested via overnite mail.

If you have any questions, please call me at 312/886-
7576. Thanks.

Printed on Recycled Paper



Introduction

The United States Environmental Protection Agency (EPA) requires that all
environmental monitoring and measurement efforts mandated or supported by the
U.S. EPA participate in a centrally managed quality assurance (QA) program.

Any party generating data under this program has the responsibility to implement
minimum procedures to ensure that the precision, accuracy, completeness, and
representativeness of its data are known and documented. To ensure the
responsibility is met uniformly, each party must prepare a written QA Project Plan
(QAPjP) covering each project h is to perform.

This QAPjP presents the organization, objectives, functional activities, and specific
quality assurance (QA) and quality control (QC) activities associated with the
Remedial Investigation/Feasibility Study (RI/FS) for the Carter-Lee Lumber site.
This QAPjP also describes the specific protocols which will be followed for sampling,
sample handling and storage, chain of custody, and laboratory analysis.

All QA/QC procedures wul be in accordance with applicable professional technical
standards, US. EPA requirements, government regulations and guidelines, and
specific project goals and requirements. This QAPjP is prepared by CH2M HILL in
accordance with all US. EPA QAPjP guidance documents, in particular, the Contract
Laboratory Program (CLP) guidelines, Interim Guidelines and Specifications for
Preparing Quality Assurance Project Plans (QAMS-005/80), and the Region 5 Model
QAPjP (1991).

GLT338/023.51
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• benzo[a]anthracene—2,100 ppb
• chrysene—1,300 ppb
• benzo[b&k]fluoranthene—2,600 ppb
• benzo[a]pyrene—1,600 ppb
• arsenic—40 ppm
• cadmium—8.2 ppm
• chromium—319 ppm
• copper (93 ppm)
• lead (137 ppm)
• mercury (0.24 ppm)
• nickel (121 ppm)
• cyanide (1.2 ppm).

A work plan detailing the project organization and responsibility, technical approach,
RI/FS task descriptions, project schedule, and project budget was submitted to
U.S. EPA Region 5 on May 11, 1992.

1.3 Project Objectives and Scope

The overall objectives of the Remedial Investigation at the Carter-Lee Lumber site
are to:

• Determine the presence or absence of hazardous substances in
environmental media within and adjacent to the site

• Define the nature, extent, degree, and rate of movement of hazardous
substances

• Estimate the risks to public health and the environment related to site
contamination

• Support the development and evaluation of remedial action alternatives

Because only limited data are available from a previous field investigation, the actual
level of risk associated with the site has not been clearly established, and a phased
investigative approach will be used. The object of the first phase will be to determine
if potential exposure to contaminants at the site presents potential risk to public
health or the environment and whether that potential risk exceeds the U.S. EPA's
point of departure for acceptability. If past disposal activities at the site contribute to
potential exposures and result in unacceptable risks caused by soil or groundwater
contaminants, a second phase of field work will be performed. The objects of
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Phase 2 will be to determine the extent of contamination identified in Phase 1 and to
quantify risks attributable to the site.

The scope of the Phase 1 field investigation is directed toward identifying whether
hazardous substances are present in soil and groundwater at concentrations above
background and whether they could cause unacceptable risk. Because the site is
located in an urban industrial area, determination of background concentrations will
be an important aspect of the Phase 1 investigation. The Phase 1 investigation will
consist of the following:

• Surface sofl sampling to evaluate background contaminant
concentrations and contaminant concentrations in the drainage ways

• Subsurface sofl sampling within the following areas of reported disposal:

— Area of suspected waste pickle liquor disposal;

— Area of red sofl stockpile;

- Trench where site debris and potentially hazardous substances
were disposed of;

- Area where the stockpiled red sofl was spread and covered; and

- Area of likely eroded site soil accumulation;

- Area where railroad car dumping most likely would have
occurred

• Installation and sampling of shallow monitoring wells

• Measurement of groundwater elevations

Sofl samples win be analyzed for full Target Compound List (TCL) organic
compounds and Target Anah/te List (TAL) inorganic chemicals. A limited number of
samples wfll be analyzed for total organic carbon (TOQ and cation exchange capacity
(CEQ- These samples wfl] be held for possible analysis of additional sofl physical
characteristics to be performed if a Phase 2 investigation is deemed necessary.
Groundwater samples wfll be analyzed for the full TAL and TCL. Groundwater
samples for metal analysis wfll be field filtered.
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Soil and groundwater analytical data from the Phase 1 investigation will be
qualitatively and statistically evaluated to determine whether a Phase 2 investigation is
necessary. During the evaluation, outliers in the Phase 1 data set will be eliminated.
Outliers will be identified through the use of a box plot, a non-parametric statistical
method. A box plot is a graphical tool that identifies the median (50th percentile),
the lower and upper quartiles (25th and 75th percentiles), and the range of the data.
The edges of the box demarcate the 25th and 75th percentiles, and so represent the
middle 50 percent range (interquartile range) of the parameter values for the data.
Outliers are defined as outside values which lie IVi or more interquartile ranges away
from the nearest box edge. A 95 percent upper tolerance limit (UTL) of the mean
will be calculated using the background data which is assumed to be lognormally
distributed. The parametric method to calculate the UTL will require the log
transformation of the data. The tolerance limit defines a value that bounds a
specified fraction of the distribution of observations. Therefore, the 95 percent UTL
is a value below which you can expect 95 percent of the distribution of sample values
to lie. The onsite data will then be compared to the 95 percent UTL. If the
concentration of an onsite constituent falls below the 95 percent UTL, it will be
concluded that the constituent does not exceed its background concentration. The
following factors will be considered during the preliminary evaluation of the need for
a Phase 2 investigation:

• Background contaminant concentrations versus site contaminant
concentrations using the 95-percent UTL

• Soil ingestion criteria based on target numbers for 10"* risk and a
Hazard Index of 1

• Leachability of soil contaminants and potential effect on groundwater

• Drinking water MCLs and water ingestion criteria (again based on
target numbers for 10"6 risk and a Hazard Index of 1)

Findings of the Phase 1 investigation will be reviewed with the EPA. The EPA will
decide either to proceed with a Phase 2 field investigation or to prepare the RI
Report, including a quantitative risk assessment, based solely on Phase 1 data.
Potential Phase 2 work may include:

• Site mapping
• Additional surface and subsurface soil sampling
• Installation of shallow, intermediate, and deep monitoring wells
• Groundwater sampling
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• Measurement of groundwater elevations

1.4 Sample Network Design and Rationale

The sample network design and rationale for sample locations are described in detail
in the Field Sampling Plan (FSP) in Appendix A.

1.5 Parameters to be Tested and Frequency

Sample matrixes, analytical parameters, and frequencies of sample collection can be
found in Table 1-1.

1.6 Data Quality Objectives

Data quality objectives (DQOs) are qualitative and quantitative statements which
specify the quality of the data required to support decisions made during RI/FS
activities and are based on the end uses of the data to be collected. As such,
different data may require different levels of data quality. There are five analytical
levels which address various data uses and the QA/QC effort and methods required to
achieve the desired level of quality. These levels are:

• Screening (DQO Level 1): This provides the lowest data quality but the
most rapid results. It is often used for health and safety monitoring at
the site, preliminary comparison to ARARs. initial site characterization
to locate areas for subsequent and more accurate analyses, and for
screening of engineering alternatives (bench-scale tests). These types of
data include those generated onsite through the use of HNu. pH,
conductivity, and other real-time monitoring equipment at the site.

• Field Analysis (DQO Level 2): This provides rapid results and better
quality than Level 1. This level will include quick turnaround method
(QTM) analyses. This level may also include mobile lab generated data
depending on the level of quality control exercised.

• Engineering (DQO Level 3): This provides an intermediate level of
data quality and is used for site characterization. Engineering analyses
may include mobile lab generated data and some analytical lab methods
(e.g^ laboratory data with quick turnaround used for screening but
without full quality control documentation).



Table 1-1
SOIL AND GROUNDWATER ANALYSIS NUMBERS

Parameter

PHASE 1

Soil - CLP Organic
Soil - CLP Inorganic
Soil - QTM (Organic only)
So'il - SAS a

Water - CLP Organic
Water - CLP Inorganic
Water - QTM (Organic only)
Water - VOC Only

PHASE 2

Soil - CLP Organic
Soil - CLP Inorganic
Soil - SAS b

Water - CLP Organic
Water - CLP Inorganic
Water - QTM (Organic only)
Water - SAS c
Water - VOC only

Number
Samples

34
34
34
6

9
9
9
0

37
37
9

28
28
23
23
0

Sample
Duplicates

4
4
4
1

1
1
1
0

4
4
1

3
3
3
3
0

Field
Blanks

0
0
0
0

2
2
2
0

0
0
0

3
3
3
3
0

Trip
Blanks

0
0
0
0

0
0
0
5

0
0
0

0
0
0
0
10

MS or MS/MSD
Samples

(2)
(2)
(2)
0)

0)
(1)
(1)
(0)

(2)
(2)
(D

(2)
(2)
(2)
(2)
(0)

Total
Analyses

38
38
38
7

11
11
11
5

41
41
10

32
32
29
29
10

SAS:
a) TOC, Cation Exchange
b) TCLP, Grain Size. Atterberg Limits, Porosity, % Moisture. Density
c) TOC, COD, TSS. TDS, Chloride, Alkalinity, Hardness

QCTBL.XLS
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• Confirmational (DQO Level 4): This provides the highest level of data
quality and is used for the purposes of risk assessment, evaluation of
remedial alternatives, and PRP determination. These analyses require
full Contract Laboratory Program (CLP) analytical and data validation
procedures in accordance with U.S. EPA recognized protocol.

• Non-Standard (DQO Level 5): This refers to analyses by non-standard
protocols, for example, when exacting detection limits or analysis of an
unusual chemical compound is required. These analyses often require
method development or adaptation. The level of quality control is
usually similar to that of DQO Level 4 data.

The DQO levels and intended data uses are provided in Table 1-2.

1.7 Project Scbeduk

The project schedule, including key project milestones, is presented in Figure 1-3.

10010473.GLO
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1.0 Project Description

1.1 Facility History/Background Information

The Carter-Lee Lumber site is located in Indianapolis, Indiana (Marion County,
Center Township). The site is located at the south end of the Carter-Lee Lumber
Company's property at 1621 West Washington Street (Figure 1-1).

The area's population and land use and the site's physical features, such as geology
and soil, hydrogeology, and drainage, are described in the Preliminary Site Evaluation
Report for the Carter-Lee Lumber Site. The report was submitted to U.S. EPA
Region 5 by CH2M HILL on May 29, 1992.

The site was owned from 1889 until 1930 by the Cleveland, Cincinnati, Chicago, and
St. Louis (CCC&StL) Railroad. The CCC&StL Railroad was acquired by New York
Central Railroad in 1930, but retained its corporate identity through a series of
railroad mergers and acquisitions, summarized below.

• 1889—Cleveland, Cincinnati, Chicago & St. Louis Railroad

1930—New York Central Railroad (NYCR) acquires CCC&STL

• 1968—NYCR merges with Pennsylvania Railway Company to form
Pennsylvania New York Central Transportation Company (PNYCTC)

• 1968—PNYCTC renamed Penn Central Company

. • 1969—Penn Central Company renamed Penn Central Transportation
Company (CCC&StL retained corporate identity)

• 1970—Penn Central, including CCC&StL, filed for reorganization under
Section 77 of the Bankruptcy Act

• 1979—Penn Central and CCC&StL sell 4-acre parcel to Carter-Lee
Lumber Company

Before the site was sold to Carter-Lee Lumber Company, it was reportedly used for
the disposal of neutralized metal plating sludge and neutralized calcium ferrosulfate
(spent sulfuric acid pickling liquor) by land application. The property was leased for
that purpose from Penn Central from 1969 to 1973 by Unversaw Trucking Company,
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with the lease later transferred to Central Lime Company (later operating as V&R
Services, Universal Trucking, and R&V Services. The neutralized metal plating
sludge and pickling liquor were reportedly sprayed on the site from 1971 to 1972. This
material was observed by several witnesses in the area and reported as a "red liquid."

There were reports of the collection of oily filter cakes from Ford Motor Company,
but it is unknown if these filter cakes were disposed of at the Carter-Lee site. In
addition, there are unsubstantiated reports of railroad cars draining liquid into ditches
immediately adjacent to the tracks on the south side of the site.

In 1981, Carter-Lee began developing the site to expand its lumber storage capacity.
The site was cleared and a trench was excavated at the southeast corner for debris
and brush disposal to enable paving and construction at the site. The excavation
contractor reported the dimensions of the trench to be 10 feet deep by 30 feet wide
by 70 feet long.

In 1983, a 1- to 6-inch thick layer of "red soil" was uncovered during clearing for the
construction of Building No. 3 (Figure 1-2). In 1984, during construction of Building
No. 4, more red soil was uncovered. The soil was collected and stockpiled near the
trench dug in 1981.

In 1987, Carter-Lee personnel, following advice of an environmental engineering
consultant, spread the red soil across an area about 220 by 250 feet in the southeast
corner of the site. The material was covered with 6 inches of clean top soil followed
by 6 inches of crushed gravel.

1.2 Past Data Collection Activity/Current Status

The uncovering of the red soil eventually lead to a review of site conditions and
collection of soil samples in 1985 by a U.S. EPA Field Investigation Team (FIT). The
FIT team estimated the volume of the red soil to be 80 cubic yards. The samples
were collected by the FIT contractor from areas representative of the former trench,
stockpiled red soils, and the reported red sludge application area (see Figure 1-2).
The analytical results from those samples indicated the presence of heavy metals and
organic polynuclear aromatic hydrocarbon (PAH) compounds. The following
compounds and maximum concentrations were reported:

• phenanthrene—2,400 ppb
• di-n-butylphthalate—4,100 ppb
• fluoranthene—3,000 ppb
• pyrene—3,100 ppb



t>Ll>ttX>t6.PPXi3 311 c MAP b-9-K Vlt

Concrete
floor —

Conrall RR

covered with 6" topeoB wid «" gravel

Potential or.
red loll are*

Approximate "red (oil"
stockpile «•• (Nov. 1984)

LEGEND

Fence line
Railroad
Lumber warehouse buildings

X Approximate FIT surface sol sample locations
Surface drainage flow direction
Asphalt

FIGURE 1-2
Site Map

Carter-Lee Lumber QAPP



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Section No.: 2
Page: 1 of 3

2.0 Project Organization and Responsibility

The project organization chart is shown in Figure 2-1. CH2M HILL will oversee the
field investigation and will have overall responsibility for all phases of the RI.
CH2M HILL will report to the U.S. EPA Regional Project Manager (RPM) who, in
turn, will coordinate activities with the U.S. EPA Quality Assurance Section (QAS),
and the Central Regional Laboratory (CRL), and the Indiana Department of
Environmental Management (IDEM) project manager.

Specific management responsibilities have been assigned for the project as follows:

U.S. EPA Region 5 RPM, Deborah Orr

• IDEM, Project Manager, Bob Schaible

• CH2M HILL Project Manager, Dale Cira

The U.S. EPA Region 5 Quality Assurance Manager is responsible for the review and
approval of all Quality Assurance Project Plans. The CH2M HILL Project Manager
is responsible for implementing the project and has the authority to commit the
resources necessary to meet project objectives and requirements. The CH2M HILL
Project Manager will provide the major point of contact and control for matters
concerning the project. CH2M HILL's Project Manager will:

• Define project objectives.

• Establish project policy and procedures to address the specific needs of
the project as a whole, as well as the objectives of each task.

• Acquire and apply technical and corporate resources as needed to see
that the project remains within budget and schedule constraints.

• Orient the Field Team Leader and all support staff concerning the
project's special considerations.

• Monitor and direct the field leader.

• Develop and meet ongoing project and/or task staffing requirements,
including mechanisms to review and evaluate each task product.
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• Review the work performed on each task to check its quality,
responsiveness, and timeliness.

• Review and analyze overall task performance with respect to planned
requirements and authorizations.

• Approve all external reports (deliverables) before submittal to
Region 5, EPA.

• Oversee the preparation and quality of final reports.

Other CH2M HILL staff members and their specific responsibilities are:

• Philip Smith, Review Team Leader (RTL), wfll be responsible for
project QC and wfll coordinate with individual QC reviewers.

• Either Laura Peterson or Tom Miller, both Project Hydrogeologists, wfll
serve as the Field Team Leader.

• Kirk Brandt, Project Engineer.

• Joe Sandrin, Senior Chemist, is responsible for the review and QA/QC
of laboratory data.

• Dan MacGregor, Project Chemist, wfll coordinate with the QAS through
the RPM. Internal laboratory auditing is the responsibility of the
Project Chemist

• Dave Shekoslti, Sample Manager, wfll coordinate the sample
management through the CRL and the Contract Laboratory Program
(CLP) Sample Management Office (SMO).

The Field Team Leader is responsible for leading and coordinating the day-to-day
activities of the various resource specialists under the leader's supervision. The Field
Team Leader is an experienced environmental professional and wfll report directly to
CH2M HILL's Project Manager. Specific field team leader responsibilities include:

• Day-to-day coordination with the Project Manager on technical issues.

• Coordination and management of field staff.
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• Coordination of field sampling, drilling, and analyses.

• Implementation of QC for technical data provided by the field staff
including field measurement data.

• Adherence to work schedules provided by the Project Manager.

• Authorship, review, and approval of text and graphics required for field
team efforts.

• Coordination and oversight of technical efforts of subcontractors
assisting the field team.

• Identification of problems at the field team level, discussion of
resolutions with the Project Manager, and communicating between team
and upper management.

• Participation in the preparation of the final report.

1001046D.GLO



T«bl« 1-2

DQOi AND INTENDED DATA USES

Carter-Lee Lumber

Task / FMd Aottvtty

PHASE 1
Soil Boring and Sampling-

Water Table Soil Borings

Soil Boring and Sampling-

Shallow Soil Borings

Soil Boring and Sampling-

Drainage-way Soil Borings

Soil Boring and Sampling-

Background

Test / Measurement

DOO Level 1-

Field screening lor volatile

organic compounds

DOO Level 1-

Field screening lor volatile

organic compounds

DOO Level 1-

Field softening lor volatile

organic compounds

DQO Level 1-

Reid screening for volatile

organic compounds

Intended Data Use

To select samples lor submission

to DOO level 4 lab.

To select samples lor submission

to DOO level 4 lab.

To determine whether sampling at

greater depths Is necessary,

To eliminate samples unrepresentative

of background from submission to

DOO level 4 lab.

Analysis

DOO Level 4-

CLP TAL and TCL

DOO Level 3-

TOC and CEC

DOO Level 4-

CLP TAL and TCL

DOO Level 4-

CLP TAL and TCL

DQO Level 4-

CLP TAL and TCL

Intended Data Use

Determine the nature and extent of

contaminated soil

Quantify contaminants for

determining risk to potential

receptors and the environment

Characterize site geologic and

hydrogeotoglc properties

Determine the nature and extent of

contaminated soil

Quantify contaminants lor

determining risk to potential

receptors and the environment

Determine the nature and extent of

contaminated soil

Quantify contaminants for

determining risk to potential

receptors and the environment

Determine background concentrations

of the parameters to be analyzed for

Page 1 of 6 TABLE 1 2.XLS



Table 1-2

DQOs AND INTENDED DATA USES

Carter-Lee Lumber

Task/Field Activity Test / Measurement Intended Data Use Analysis Intended Data Use

Hydrogeologic Investigation

Downgradient MWs

DQO Level 1-

Reld screening for volatile

organic compounds

Health and safety of field personnel. DQO Level 4-

CLP TAL and TCL

Determine the nature and extent

of contaminated groundwater

Quantify contaminants lor

determining risk to potential

receptors and the environment

Hydrogeologic Investigation

Upgradient MWs

DQO Level 1-

Field screening for volatile

organic compounds

Health and safety of field personnel. DQO Level 4-

CLP TAL and TCL

Determine the nature and extent

of contaminated groundwater

Quantify contaminants for

determining risk to potential

receptors and the environment

PHASE II

Soil Boring and Sampling-

Shallow Soil Borings

DQO Level 1-

Reld screening for volatile

organic compounds

To select samples for submission

to DQO level 4 lab.

DQO Level 4-

CLP TAL and TCL

DQO Level 3-

Additional Soil

Parameters

Determine the nature and extent of

contaminated soil

Quantify contaminants for

determining risk to potential

receptors and the environment

Characterize site geologic and

hydrogeologic properties

Page 2 of 6 TABLE1 2.XLS



Tabto 1-2
DOOa AND NTENDEO DATA USES

Carter-lee Lumber

Teak / HMO AotMty

SoM Boring and SampUng-

Drainage-way Soil Boring*

Soil Boring and Sampling-

Schattor Garden, Compotlla

Teat / Meeeufemefit

DOOUvan-

Field screening lor volatlla

organic oompoundt

DOO Level 1-

Raid aoraanlng lor volatlla

organic compound!

Mended Data Uaa

To daiarmlna wt>«thar tampUng al

graatar dapthi !• naoaaaary.

To daiarmlna wnathar tampllng at

graatar daptha la naoataary.

Anatyate^

DOOLaval4-

CLP TAL and TCL

DQO Laval 3-

Additional Soil

Paramatara

OOO Laval 4-

CLP TAL and TCL

Intandad Data Uaa

Daiarmlna tha natura and axtant

of contaminated groundwatar

Quantity contaminants lor

determining risk to potential

reoeptort and the environment

Characterlie site geologic and

hydrogeologlc propenlea

Determine the nature and axtant

of contaminated groundwater

Quantify contaminants for

determining risk to potential

reoaptora and tha environment

Page 3 of 6 TABLE1 2.XLS
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Table 1-2

DQOs AND INTENDED DATA USES

Carter-Lee Lumber

Task / Field Activity Test / Measurement Intended Data Use Analysis Intended Data Use

Hydrogeologic Investigation

Deep MWs

DQO Level 1-

Reld screening for volatile

organic compounds

Health and safety of field personnel. DQO Level 4-

CLP TAL and TCL

DQO Level 3-

Groundwater Transport and

Treatment Parameters

DQO Level 2-

CLP List for VOCs.

SVOCs, Pesticides/PCBs

Determine the nature and extent

of contaminated groundwater

Quantify contaminants for

determining risk to potential

receptors and the environment

Characterize site geologic and

hydrogeologic properties

To select monitoring well locations

Hydrogeologic Investigation

Intermediate MWs

DQO Level 1-

Field screening for volatile

organic compounds

Health and safety of field personnel. DQO Level 4-

CLP TAL and TCL

DQO Level 3-

Groundwater Transport and

Treatment Parameters

DQO Level 2-

CLP List for VOCs,

SVOCs. Pesticides/PCBs

Determine the nature and extent

of contaminated groundwater

Quantify contaminants for

determining risk to potential

receptors and the environment

Characterize site geologic and

hydrogeologic properties

To select monitoring well locations

Page 4 of 6 TABLE1 2.XLS



Table 1-2
DOC* AND INTENDED DATA USES

Carter-Lee Lumbar

Taafc / Ftotd AotMty

HydrogeoloQlc Investigation

Shallow MWt

Teet / Me«aurement

DOOLeveM.

Reid screening lor volatile

or panto compound*

Intended Data Uee

Health and safety ol fl«kt ptrtonntl.

Analyst

OCXDL»v«l4-

CLP TAL and TCL

DOOL«v«l3-

Qroundwaltr Trantport and

Traatmant Param«t«rt

CXXDL«vtl2-

CLP U«t lor VOCa.

SVOCa, Pattlcld««/PCBa

Intended Data Uaa

DatermlM lh« nature and ailanl

of oontamlnatad groundwalar

Quantity oonUmlnanla tor

datarmlnlng rltk to polanllal

raoaptori and the environment

Characterize tile geologic and

hydrogeologlc properties

To select monitoring well locations

Page 5 of 6 TABLE1 2.XLS



Table 1-2
DQOs AND INTENDED DATA USES

Carter-Lee Lumber

Task / Field Activity

Hydrogeologic Investigation

Phase 1 MW Re-sampling

Test / Measurement

DQO Level 1-

Reld screening for volatile

organic compounds

Intended Data Use

Health and safety of field personnel.

Analysis

DQO Level 4-

CLP TAL and TCL

DQO Level 3-

Groundwater Transport and

Treatment Parameters

Intended Data Use

Determine the nature and extent

of contaminated groundwater

Quantify contaminants for

determining risk to potential

receptors and the environment

Characterize site geologic and

hydrogeologic properties

Note: Soil Parameters: TCLP Metals, Grain Size, Atterburg Limits, Porosity, % Moisture, and Density.

Groundwater Transport and Treatment Parameters: TOC, CPD, TSS, TDS, Chloride, Alkalinity, and Hardness

Page 6 of 6 TABLE1 2.XLS



Figure 1-3 Carter-Lee Lumber W Project Schedule

Proposed Project Task*
project Mwaroea

Net-Off Meeting

StoVWt

RI/FS Work Plan

PP.WP RI/FS Work Plan Preparation

Submit Work Plan to EPA

Agency Review

Agency Comments Received

Revise Work Plan

Submit Revised Work Plan

Agency Work Plan Approval

PP.ED Preliminary Site Evaluation Latter

Prepare Preliminary Site Evaluation Latter

Submit Letter to EPA

Agency Review

Agency Comments Received

PP.QS Site Invert. Plan* QAPP/SP/HSP/DMP/E

Prepare Plane

Submit Plena to EPA

Agency Review

Agency Comments Received

Revise Site Investigation Plans

Submit Revised Site Investigation Plans

Agency Comments Delivered

Revise Site Investigation Plans

Planned Start

4/8/82

4/23/82

4/28/82

4/29/82

4/29/92

5/11/92

5/12/92

7/10/92

7/10/92

7/21/92

8/18/92

5/8/82

5/6/92

5/29/92

5/29/92

7/10/92

5/12/82

5/12/92

6/15/92

6/16/92

8/7/92

8/7/92

9/4/92

9/4/92

10/2/92

1992

Mar Apr

+

•

'

May

+

<«

jggjggA

;

Jun

.•
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wm

>

g0ff0%3

•

•
•
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•
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•
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a

••i

•
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»v

•

•

1
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1
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1993

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Project: Carter-Lee Lumber Rl Crjtic- •••••• Noncriti
Dete: 9/2/92

Milestone ^ Summery '̂ SSSBBBSBBBBSBBBB̂
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Figure 1-3 Carter-LM Lumber Rl Project Schedule

Proposed Project Tasks
Submit Revised Site Investigation Plans

Agency Approval of Plans

FO. Phase 1 ReW Investigation

CLP Lab Procurement

FO.SM Sample Management

FO.FK Field Support/Mobilization

FO.FS Field Work

Laboratory Analysis (2 week turnaround)

FO.SM Data Validation

OE.DE Data Evaluation

Data Review Meeting with EPA

Phase N Work Plan Rsv. Request (WPRR)

Prepare WPRR

Submit WPRR to EPA

Agency Comments Delivered

Revise WPRR

Submit Revised WPRR to EPA

Agency Approval of WPRR

F2. Phase N Field Invertgrton

F2.SM Sample Management

F2.FS Field Work-Source Characterization

F2.FQ Field Work-Hydrogeologic Investiga

F2.FB Field Work-Ecological Investigation

Laboratory Analysis

F2.SM Data Validation

Planned Start
10/9/92

10/30/92

11/2/92

11/2/92

11/2/92

11/2/92

1 2/8/92

12/15/92

12/29/92

12/29/92

1/4/93

1/5/93

1/5/93

1/18/93

1/19/93

2/2/93

2/8/93

3/12/93

1/12/93

1/12/93

1/12/93

1/12/93

1/19/93

2/2/93

4/5/93

1992
Mar Apr May Jun Jul Aug Sap Oct

+

4

Nov

>

<«

w/w%dt>.

WSAffiM.

Dec

.»

%%a

I

•;>

1993

Jan

.

\
««

Bigig

•B%

<
P f̂l

•EBa

i

Fab

•

B

•

•

-

Mar

*

4

•

-

Apr

.•

1

May

»>

Jun Jul Aug Sap Oct

Project: Carter-Lee Lumber Rl Crjtica| ^^^g^ Noncnti
Date: 9/2/92

j....

"— * s"™^ "̂ ^^
Page 2 of 3



Figure 1-3 Carter-Lee Lumber H Project Schedule

Proposed Project Tasks Planned Start

1992

Mar Apr May Jun Jul Aug Sap Oct Nov Dec
1993

Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Data Evaluation

Data Review Meeting with EPA

F2.FM Site Mapping

Risk Assessment

F8 Report

Prepare Rl Report

Submit Rl Report to EPA

Agency Comments Delivered

Revise Rl Report

Submit Revised Rl Report

4/5/93

4/30/93

5/17/93

4/19/93

5/17/83

5/17/93

6/14/93

6/15/93

7/16/93

7/29/93

Project: Carter-Lea Lumber Rl
Date: 9/2/92 .

Critical Noncritical Mj|a.tona Summery

Page 3 of 3



Figure 1-3
Carter-Lee Lumber Rl Project Schedule

ID Name
1992

Apr I May I Jun I Jul |Aug|Sep|Oct|Nov|Dec
1993

Jan|Feb|Mar|Apr|May|jun|Jul |Aug|Sep|Oct|Nov|Dec
1994

Jan|Feb|Mar|Apr|May|Jun| Jul

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Project Awarded

Kick-Ofr Meeting

Site Visit

RI/FS Work Plan

PP.WP RI/FS Work Plan Preparation

Submit Work Plan to EPA

Agency Comments Delivered

Revise Work Plan

Submit Revised Work Plan

Agency Work Plan Approval

PP.ED Preliminary Site Evaluation Letter

Prepare Preliminary Site Evaluation Letter

Submit Letter to EPA

Agency Comments Delivered

PP.QS Site Invest. Plans QAPP/SP/HSP/DMP/

Prepare Plans

Submit nans to EPA

Agency Comments Delivered

Revise Site Investigation Plans

Submit Revised Site Investigation Plans

Agency Comments Delivered

Revise Site Investigation Plans

Submit Revised Site Investigation Plans

Agency Approval of Plans

Prefect: Carter-Lee Lumber W/FS
Company: CH2MHILL
Manager: Dale Cira

Critical

Noncrttical

Milestone

Summary

File: CARTR1.MPP Date: 6/10/92 B:00am Page: 1 of 3



Figure 1-3
Carter-Lee Lumber Rl Project Schedule

ID

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Name
FO. Phase 1 Held Investigation

CLP Lab Procurement

FO.SM Sample Management

FO.FK Field Support/Mobilization

FO.FS Field Work

Laboratory Analysis (2 week turnaround)

FO.SM Data Validation

DE.DE Data Evaluation

Data Review Meeting with EPA

Phase II Work Plan Rev. Request (WPRR)

Prepare WPRR

Submit WPRR to EPA

Agency Comments Delivered

Revise WPRR

Submit Revised WPRR to EPA

Agency Approval of WPRR

F2. Phase II Field Investigation

F2.SM Sample Management

F2.FS Reid Work-Source Characterization

F2.FQ Field Work-Hydrogeologic Investigati

F2.FB Field Work-Ecological Investigation

Laboratory Analysis

F2.SM Data Validation

Data Evaluation

Apr|May|j

•

1992
un| Jul |Aug|S*p|Oct|Nov]Dec

w^^
•̂m

i
i
i
i
•

^—•
+

' •
i
•

^^^^^^^

•
i
•
i

vffiffifi

1993
Jan|Feb|Mar|Apr May|jun| Jul |Aug|Sep|Oct NovJDec

V

i I

I j • : i

4- : . ; .

""•""•P ! : :

Hi
Q
i

1994
Jan|Feb|Mar|Apr|May|jun| Jul

Project: Carter-Lee Lumber RI/FS
Company: CH2MHILL
Manager: DaleCira

Critical

Noncritical

Milestone

Summary

Ble:CARTRI.MPP Date: 6/10/92 8:00am Page: 2 of 3



Figure 1-3
Carter-Lee Lumber Rl Project Schedule

ID

49

50

51

52

53

54

55

56

57

Name
Data Review Meeting with EPA

F2.FM Site Mapping

Risk Assessment

n Report

Prepare Rl Report

Submit Rl Report to EPA

Agency Comments Delivered

Revise Rl Report

Submit Revised Rl Report

1992
Apr|May|jun Jul |Aug|Sep|Oct |Nov|Dec

1993
Jan |Feb Mar | Apr |May| Jun Jul |Aug |Sep] Oct |Nov Dec

+ ' \ : -

m :
• •
î ™"̂  . . :

• :

4>
CD

a
4- :

1994
Jan |Feb| Mar | Apr (May | Jun | Jul

1

i ;

1 : '

Project: Carter-Lee Lumber W/FS
Company: CH2M HILL
Manager: DaleCira

Critical

Noncritical

Milestone

Summary

Rle: CARTRI.MPP Date: 6/10/92 8:00am Page: 3 of 3



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Section No.: 3
Page: 1 of 4

3.0 Quality Assurance Objectives for Measurement Data

The overall QA objective is to develop and implement procedures for field sampling,
chain of custody, laboratory analyses, and reporting that will provide results that are
legally defensible in a court of law and meet project objectives. Specific procedures
for QC sampling, chain of custody, instrument calibration, sample analyses, data
reporting, internal and external audits, preventive maintenance, and corrective action
are described in other sections of this QAPjP. The purpose of this section is to
describe the extent of QC effort and to address the specific objectives for accuracy,
precision, sensitivity, completeness, representativeness, and comparability.

3.1 Level of Quality Control Effort

Field blank, trip blank, field duplicate, and matrix spike samples win be analyzed to
assess the quality of the data resulting from the field sampling program. Field and
trip blanks will be submitted to the analytical laboratories to assess the potential of
contamination. Field blank samples are analyzed to check for procedural
contamination at the she that may cause sample contamination. Trip blanks are used
to assess the potential for contamination of samples due to contaminant migration
during sample shipment and storage. Field duplicate samples are analyzed to check
for sampling and analytical precision. Matrix spikes provide information about the
effect of the sample matrix on the digestion and measurement methodology. The
organic matrix spike samples are performed in duplicate and are hereinafter referred
to as MS/MSD samples. The inorganic matrix spike (MS) samples are collected in
singular and require additional volume.

The general level of the QC effort wfll include the following:

• One field duplicate will be collected for every 10 or fewer investigative
samples.

• One field blank will be collected for every 10 or fewer water
investigative samples.

• One volatile organic analysis (VOA) trip blank, consisting of distilled
deionized ultra pure water, will be included along with each shipment of
VOA samples.

• One MS or one set of MS/MSD samples wOl be collected for every 20
or fewer investigative samples.



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Section No.: 3
Page: 2 of 4

The general level of QC effort is summarized in Table 3-1.

QC samples will be collected at the same time and in the same manner as the field
samples. Soil MS and MS/MSD samples to be analyzed for inorganic analytes volatile
organic compounds (VOCs), or extractable organic compounds will require no
additional sample volume. Aqueous MS samples must be collected at double the
volume for inorganic analyses and MS/MSD samples must be collected at triple the
volume for VOC analyses and double the volume for extractable organics.

The number of samples to be collected, including field and QC samples, are listed in
Table 1-1. Sampling procedures are specified in the Field Sampling Plan
(Appendix A).

All soil and groundwater samples will be sent to a Contract Laboratory Program
(CLP) laboratory for analysis. The samples will be analyzed according to the special
Routine Analytical Services (RAS) protocols that provide expedited sample results
(2-week turnaround for DQO Level 4 data) for organic compounds and inorganic
chemicals. The level of laboratory QC effort to be provided for these RAS analyses
is specified in the current statements of work (SOW/OLM01.1 for organic and SOW/
ILM01.0 for inorganic analyses). Quality control procedures for QTM from the CLP
are specified in the draft SOW for quick turnaround analysis, dated March 1992.
Tables 3-2 through 3-6 contain the quantitation levels for organic compounds and
inorganic chemicals. The level of laboratory QC effort for the special analytical
service (SAS) analyses is outlined individually in each SAS request contained in
Appendix E.

The QC level of effort for the field measurements consists of pre-measurement
calibration and a post-measurement verification of accuracy.

3.2 Accuracy, Precision, and Sensitivity Analyses

The fundamental QA objective with respect to accuracy, precision, and sensitivity of
laboratory analytical data is to achieve the QC acceptance criteria of the analytical
protocols.

The accuracy and precision requirements for the RAS from the CLP are specified in
the current statements of work (SOW/OLM01.1 for organic compounds and SOW/
ILM01.0 for inorganic chemicals). The sensitivities required for CLP analyses will be
the contract-required detection limits shown in Tables 3-2 through 3-5 of this QAPjP.



Table 3-6
Q7X Targec Compound uisc (QTCL) ar.d

Ccrcracr Required Ouanciracior! Littles ^CROL^

1.
2.
3 .
i..
c

6 .
•*

8.
9.
10.

11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21.

(Page 1

Volaciles

Brooofora
Bromodichloronechane
Benzene
Carbon Tecrachioride
Chlorobenzene

Ch loco fora
I. 1-Dichioroechane
1 . 2 - Dichloroechane
1. 1-Dichloroechene
cis- 1 . 2-Dichioroechene

crans - 1 . 2 -Dichloroechene
Echylbenzene
1. 1.2.2-Tecrachloroechane
Tecrachloroechene
Toluene

1 . 1 . 1-Trichloroechane
Trichloroechene
Vinyl Chloride
orcho-Xylene
a«ca-Xylene
para-Xylene

Of 5)

CAS Number

75-25-2
75-27-4
71-43-2
56-23-5
108-90-7

67-66-3
75-34-3
107-06-2
75-35-4
156-59-4

156-60-5
100-41-4
79-34-5
127-18-4
108-88-3

71-55-6
79-01-6
75-01-4
95-47-6
108-38-2
106-42-3

Ouanci

Uacer

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20
20

•azion Liaics

Soil/Solid"

40
40
40
40
40

40
40
40
40
40

40
40
40

40
40

40
40
40
40
40
40

Specific quancicacion liaics are highly aacrix dependent:. The
quancicacion liaics lisced herein are provided for guidance and may not
always be achievable.

Quancicacion liaics lisced for sb-il/solid are based on wee weighc.

C-l



DRAFT

Table 3-liQTM Target Compound List (QTCL) and
Contract Required Cuancitation Limits -(C

(Page 2 of 5)(Conc'd.)

Quantitation Limits

22.
23.
24.

25.
26.

27.
28.
29.
30.
31.

32.
33.
34.

35.
36.
37.

PoLynuclear Aromatic
Hydrocarbons (PAHs)

Acenaphthene
Acenaphthylene
Anthracene
Benz [a] Anthracene
Benzo [a] Pyrene

Benzo (b) Fluoroanthene
Benzo [k] Fluoroanthene
Benzo -[g,h, i] Perylene
Chrysene
Dibenz [a,h] Anthracene

Fluoranthene
Fluorene
Indeno [1.2.3-cd] Pyrene
Naphthalene
Phenanchrene . •
Pyrene '

CAS Number

83-32-9
208-96-8
120-12-7
56-55-3
50-32-8

205-99-2
207-08-9
191-24-2
218-01-9
53-70-3

206-44-0
86-73-7
193-39-5
91-20-3
85-01-8
129-00-0

Uater
Mg/L

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20
20

Soil/Solid"

MgAg

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330
330

Specific quancicacion limits are highly matrix dependenc. The
quancicacion limits listed herein are provided for guidance and may not
always be achievable.

Quantisation limits listed for soil/solid are based on. wet weighc.



QTM Target Compound List ^
Contract Recuirec Guantitati~r.

38.
29
40.
41.

42.

3̂
44.

45
46.
47 .

48.
49.

50.
51.
52.
53.

(Page 3 of 5

Phenols

2-Chlorophenol
i-Chloro-3-Mechylphenol
2.4-Dichlorophenol
2 . 4 -Diaechylphenol
4.6-Dinicro-2-Hechylphenol

2 . 4-Dinicrophenol
o-cresol
•-cresol
p-cresol
2-Microphenol

4-Nicrophenol
Pencachlorophenol
Phenol
2 . 3 . 4 . 6 - Te crachloropheno 1
2.4, 5 -Trichlorophenol
2.4. 6 -Trichlorophenol

. (Cone1 d. )

CAS Nuober

95-57-8
59-50-7
120-83-2
105-67-9
534-52-1

51-28-5
95-48-7
108-39-4
106-44-5
88-75-5

100-02-7
87-86-5
108-95-2
58-90-2
95-95-4
88-06-2

QTCL) and
Limits 'CR(y_\'

Cuar.titatior. Limits

Water
7̂T

50
50
50
50
50

50
50
50
50
50

50
50
50
SO
50
50

Soil/Solid**

MgAg

1700
1700
1700
1700
1700

1700
1700
1700
1700
1700

1700
1700
1700
1700
1700
1700

Specific quancicacion liaics are highly oacrix dependenc. The
quancic«cion limits lisced herein are provided for guidance and may noc
always be achievable.

Quancicacion liaics lisced for soil/solid are based on vec weight.



DRAFT

Table 3-6
QTM Targec Compound List (QTCL) and

Contract: Required Ouancitacion Limics (CRQL)'

54.
55.
56.
57.
58.

59.
60.
61.
62.
63.

64.
65.
66.
67.
68.

69.
70.
71.
72.
73.

( Page 4

Pesticides

Aldrin
ALpha-BHC
Be-a-BHC
alpha-Chlordane
gamma- Chlordane

Delta-BHC
Dieldrin
4,4' -ODD
4,4' -DDE
4.41 -DDT

Endosulfan Sulfate
Endosulfan I
Endosulfan II
Endrin
Endrin Ketone

Endrin Aldehyde
Gamma -3HC (Lindane)
Heptachlor
Heptachlor Epoxide
Methoxychlor

of 5) (Conc'd.)

CAS Number

309-00-2
319-84-6
319-85-7
5103-71-9
5103-74-2

319-86-8
60-57-1
72-54-8
72-55-9
50-29-3

1031-07-8
959-98-8

33213-65-9
. 72-20-8

53494-70-5

7421-36-3
58-89-9
76-44-8

1024-57-3
72-43-5

Ouancicac

Water
Mg/L

O.L
O.L
O.L
O.L
0.1

0.1
0.1
0.1
O.L
O.L

0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
O.L

ion Limics

Soil/Solid"

MgAg

3.3
3.3
3.3
3.3
3.3

3.3
3.3
3.3
3.3
3.3

3.3
3.3
3.3
3.3
3.3

3.3
3.3
3.3
3.3
3.3

Specific quancitacion limits are highly matrix dependent. The
quantitation limits lisced herein are provided for guidance and may not
always be achievable.

Quancitation -limits Listed for soil/solid are based on wet weight.



Tab;e 3-6
C7X Targe- Compovir.d List (QTCL;

Ccr.tract Required Guar.ritacion Liairs
(Conc ' c i . )

(Page 5 of 5)
Quantisation Limits

Uacer Soil/Solid
?C3s/ArocIors CAS Number

7i. ArocLor-1016 12674-11-2 1 33
';. Arocior-122i 1110^-28-2 2 66
-$. Aroclor-1232 111^1-16-5 1 33
::. ArocLor-1242 53469-21-9 1 33
73. arocLor-1248 12672-29-6 1 33

79. Aroclor-1254 11097-69-1 1 33
80. Aroclor-1260 11096-82-5 1 33
31. Toxaphene 8001-35-2 5 165

Specific quancicacion liaics are highly aacrix dependent. The
quancicacion lijtics lisced herein are provided for guidance and may noc
always be achievable.

Quancicacion lisics lisced for soil/solid are based ort wee weighc.

Co
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The accuracy, precision, and sensitivity requirements for the QTM from the CLP are
specified in the Draft Statement of Work dated March 1992.

The accuracy, precision, and sensitivity requirements for SAS for the CLP are
specified in each individual SAS request contained in Appendix E.

The standard operating procedures (SOPs) for the field equipment used to measure
pH, conductivity, temperature and volatile organic compounds are outlined in
Appendix F. These SOPs provide the field screening analyses accuracy and precision
requirements.

3 J Completeness, Representativeness, and Comparability

Completeness is a measure of the amount of valid data obtained from a measurement
system compared to the amount of data that was expected to be obtained under
normal conditions. It is expected that the CLP will provide data meeting QC
acceptance criteria for 95 percent or more for all samples tested. Following
completion of the analytical testing, the percent completeness will be calculated by
the following equation:

number of valid data
completeness (%) = number of samples collected for x 100

each parameter analyzed

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. Representativeness is a qualitative
parameter which is dependent upon the proper design of the sampling program and
proper laboratory protocol. The sampling network was designed to provide data
representative of site conditions. During development of this network, consideration
was given to past waste disposal practices, existing analytical data, physical setting and
processes, and constraints inherent to the Superfund program. The rationale of the
sampling network is discussed in detail in the Field Sampling Plan.

Representativeness will be satisfied by seeing that the FSP is followed, proper
sampling techniques are used, proper analytical procedures are followed, and holding
times of the samples are not exceeded in the laboratory. Analytical
representativeness will be assessed by the analysis of field duplicated samples.
Precision control limits are defined in the current Statement of Work (SOWs).



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Section No.: 3
Page: 4 of 4

Comparability expresses the confidence with which one data set can be compared
with another. The extent to which existing and planned analytical data will be
comparable depends on the similarity of sampling and analytical methods. The
procedures used to obtain the planned analytical data, as documented in the QAPjP,
are expected to provide comparable data.

1001M74.GLO
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3.0 Quality Assurance Objectives for Measurement Data

The overall QA objective is to develop and implement procedures for field sampling,
chain of custody, laboratory analyses, and reporting that will provide results that are
legally defensible in a court of law and meet project objectives. Specific procedures
for QC sampling, chain of custody, instrument calibration, sample analyses, data
reporting, internal and external audits, preventive maintenance, and corrective action
are described in other sections of this QAPjP. The purpose of this section is to
describe the extent of QC effort and to address the specific objectives for accuracy,
precision, sensitivity, completeness, representativeness, and comparability.

3.1 Level of Quality Control Effort

Field blank, trip blank, field duplicate, and matrix spike samples will be analyzed to
assess the quality of the data resulting from the field sampling program. Field and
trip blanks will be submitted to the analytical laboratories to assess the potential of
contamination. Field blank samples are analyzed to check for procedural
contamination at the site that may cause sample contamination. Trip blanks are used
to assess the potential for contamination of samples due to contaminant migration
during sample shipment and storage. Field duplicate samples are analyzed to check
for sampling and analytical precision. Matrix spikes provide information about the
effect of the sample matrix on the digestion and measurement methodology. The
organic matrix spike samples are performed in duplicate and are hereinafter referred
to as MS/MSD samples. The (inorganic matrix spike (MS) samplesAare collected in
singular.

The general level of the QC effort will include the following:

• One field duplicate will be collected for every 10 or fewer investigative
samples.

• One field blank will be collected for every 10 or fewer water
investigative samples.

• One volatile organic analysis (VOA) trip blank, consisting of distilled
deionized ultra pure water, will be included along with each shipment of
VOA samples.

• One MS or one set of MS/MSD samples will be collected for every 20
or fewer investigative samples.
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The general level of QC effort is summarized in Table 3-1.

QC samples will be collected at the same time and in the same manner as the field
samples. Soil MS and MS/MSD samples to be analyzed for inorganic anarytes volatile
organic compounds (VOCs), or extractable organic compounds will require no
additional sample volume. Aqueous MS samples must be collected at double the
volume for inorganic analyses and MS/MSD samples must be collected at triple the
volume for VOC analyses and double the volume for extractable organks.

The number of samples to be collected, including field and QC samples, are listed in
Table 1-1. Sampling procedures are specified in the Field Sampling Plan
(Appendix A).

All sofl and groundwater samples will be sent to a Contract Laboratory Program
(CLP) laboratory for analysis. The samples will be analyzed according to the special
Routine Analytical Services (RAS) protocols that provide expedited sample results
(2-week turnaround for DQO Level 4 data) for organic compounds and inorganic
chemicals. The level of laboratory QC effort to be provided for these RAS analyses
is specified in the current statements of work (SOW/OLM01.1 for organic and SOW/
ILM01.0 for inorganic analyses). Tables 3-2 through 3-5 contain the quantitation
levels for organic compounds and inorganic chemicals. The level of laboratory QC
effort for the special analytical service (SAS) analyses is outlined individually in each
SAS request contained in Appendix E.

The QC level of effort for the field measurements consists of pre-measurement
calibration and a post-measurement verification of accuracy.

32 Accuracy, Precision, and Sensitivity Analyses

The fundamental QA objective with respect to accuracy, precision, and sensitivity of
laboratory analytical data is to achieve the QC acceptance criteria of the analytical
protocols.

The accuracy and precision requirements for the RAS from the CLP are specified in
the current statements of work (SOW/OLM01.1 for organic compounds and SOW/
ILM01.0 for inorganic chemicals). The sensitivities required for CLP analyses will be
the contract-required detection limits shown in Tables 3-2 through 3-5 of this QAPjP.

The accuracy, precision, and sensitivity requirements for the QTM from the CLP are
specified in the Draft Statement of Work dated March 1992.



QC Check

Table 3-1
GENERAL LEVEL OF QC EFFORT

Frequency

Organic Compounds Inorganic Compounds

MS or MS/MSD

Field Blanks1

Field Duplicates

Trip Blanks

1/20 samples

1/10 samples

1/10 samples

1 per shipment of Volatile

1/20 samples

1/10 samples

1/10 samples

NA
samples

'Field Blanks will not be collected for soil samples
NA = not applicable

GLT338/020.51



Table 3-2
VOLATILE ORGANIC COMPOUND

TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED
QUANTITATION LJMTTS (CROL)

ANALYTE
hj.Cntorometnane

BfotnoftifltfTflOfl

Vinyl Chloride
cmoruetnane
Methytene Chloride

Acetone
Carbon Dfeufide
1.1-Dichtoroethene
1.1-Otchtoroethane
1.2-Dichloroethene
Chloroform
1.2-Oichloroethane
2-Butanone
1.1.1-Trichtoroethane
Carbon Tetrachtoride
Brornoolchloroniethane
1.2-Oichloropropane
css-1.3-Oichloropropene

luMuiueuMMie
Dnromocraoiuiiieuwi w
.1 .2-Ticniof uetnane

Benzene
trans-1 ,3-Oicnloropropene
Brornoform
1 Mothyl-2-pentanone
2-Hexanone
Tetrachtoroethene
Toluene
1 .1 ̂ 2-Tetracfitoroethane

Chtorobenzene
Ethyl benzene
Styrene
Xytones (total)

Ow^nmqu Oy VJW ™^4

CAS. NOS

74-87-3
74-83-9
75-01-4
7C_^tfl 175-OO-3

75-09-2

67-64-1
75-1 SO
75-35-4
75-34-3
540-594)
67-66-3
1074)6-2
78-93-3
71-55-6
56-23-5
75-27-4
78-87-5
10061-01-5
TO f\4 C79-01-6
4 O^ ^O 4124-48-1
794)0-5
71-43-2
100614)2-6
75-25-2
108-10-1
591-784$
127-18-4
108-88-3

79-34-5
108-90-7
100-41-4
100-42-5

Water
ug/L

10
10
10
m10

10

10
10
10
10
10
10
10
10
10
10
10
10
10
4 n10
4 f\10

10

10

10

10

10

10

10

10

10

10

10

10

330-20-7 10

I for soifeeolment are based on wet
•O^Y "OT SOwStKMIlOTK, Car̂

Low
Soi
ug/Kg

10
10
10
4 n10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
4 t\10
*n10

10

10

10

10

10

10

10

10

10

10

10

10

10

weight The
dry weight b

Med
Soi
ug/Kg

1200
1200
1200
4 *W11200
1200
1200
1200

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
4 *W\1200
4 *W\1200
1200
1200
1200
1200
1200
1200

1200
1200
1200

1200
1200

1200

(ng)
(50)
(50)
(50)
/Cft\(50)
(50)
(50)
(50)

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)

(50)
tcn\(50)
/Cf\\(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)

(50)
(50)

(50)
(50)

(50)
1200 (50)

quantitation limtts
lasts as required

by the contract, wfl be higher

GLT338/022.51-1



Table 3-3
SEMIVOLAT1LE ORGANIC COMPOUND

TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED
QUANTITATION UMITS (CRQL)

(Page 1 of 3)

ANALVTE

Phenol

bis(2-Chloroethyl) ether

2-Chlorophenol

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,2-Dichlorobenzene

2-Methylphenol

4-Methylphenol

2,2'-oxybis-(1 -chloropropane)**

N-Nitroso-di-n-dipropylamine

Hexachloroethane

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

bis(2-Chloroethoxy) methane

2,4-Dichlorophenol

1 ,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronephthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

CAS NOS.

108-95-2

111-44-4

95-57-8

541-73-1

106-46-7

95-50-1

95-48-7

106-44-5

108-60-1

108-60-1

67-72-1

98-95-3

78-59-1

88-75-5

105-67-9

111-91-1

120-83-2

120-82-1

91-20-3

106-47-8

87-68-3

59-50-7

91-57-6

77-47-4

88-06-2

95-95-4

91-58-7

88-74-4

131-11-3

208-96-8

Water
ug/L

10

10

10

10

10

1.0

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

50

10

50

10

10

Low
Soil
ug/Kg

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

330

1700

330

1700

330

330

Med.
Soil (ng)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

10000 (20)

50000 (100)

10000 (20)

50000 (100)

10000 (20)

10000(20)



Table 3-3
S0UHVOLAT1LE ORGANIC COMPCXJNO

TARGET COMPOUND UST (TCL) AND CONTRACT
QUANTITATION UMfTS (CRO1)

(Page 2 of 3)

REQUIRED

ANALYTE

2.6-Dinirotoluene

3-tttroanOne

2.4-OMrophenol

44«rophenol

Dtoenzofuran

2.4-Oirtfratoluene

Diethytohthalate

4<htorophenyt-phenyl-ether

Fluorene

4-NftroanOne

4.o-Draro-2-fnetnyipnenoi

N-Nkrosoolphenytamine

4-&omophenyt-phenyt-«ther

1 texachtorobenzene

Pentachtorophenol

A rtfiu • UtJUUtAiwvaceoe

Carbazoie

DKvbutylpnthatate

rlUUIdlUNMie

Pyrene

Butytoenzytohthafate

334fcNoroDenzkfne

Chrysene

DHvOctylphthatate
O_n_ _J1 \M_ - T_iJt«j»*».̂Denzo(D)nuoiaiKnene

Benzo(k)fluoranthene

CASNOS.

606-20-2

83-32-9

51-28-5

100-02-7

132-64-9

121-14-2

84-66-2

7005-72-3

86-73-7

100-01-6
f*%M f O 4534-52-1

86^30-6

101-554

118-74-110

87-86-5

85-01-8

120-12-7

86-74-8

86-74-2

206-44-0

129-00-0

85-68-7

91-94-1

56-55-3

210-81-9

117-81-7

117-84-0

205-99-2

207-08-9

Water
ug/L

10

50

10

50

50

10

10

10

10

10

25
nf25

10

10

10

25

10

10

10

10

10

10

10

10

10

10

10

10

10

10

Low
Soi
ug/Kg

330

1700

330

1700

1700

330

330

330

330

330

1700

4 ̂ fV%17DO

330

330

330

1700

330

330

330

330

330

330

330

330

330

330

330

330

330

330

Meet
Soi

10000

50000

10000

50000

50000

10000

10000

10000

10000

10000

50000
c/vw%5OOOO

10000

10000

10000

50000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

10000

(ng)

(20)

(100)

(20)

(100)

(100)

(20)

(20)

(20)

(20)

(20)

(50)
/f/\\(50)

(20)

(20)

(20)

(50)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)

(20)



Table 3-3
SEMIVOLATILE ORGANIC COMPOUND

TARGET COMPOUND UST (TCL) AND CONTRACT REQUIRED
QUANTTTATION LIMITS (CRQL)

(Page 3 of 3)

ANALYTE

Benzo(a)pyrene

lndeno(1 ,2,3-cd)pyrene

Dibenzo(a,h)anthracene

Benzo(g, h, 0 pery lene

CAS NOS.

50-32-8

193-39-5

53-70-3

191-24-2

Water
ug/L

10

10

10

10

Low
Soil
ug/Kg

330

330

330

330

Med.
Soil

10000

10000

10000

10000

(ng)

(20)

(20)

(20)

(20)

Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits
calculated by the laboratory for soil/sediment, calculated on dry weight basis as required
by the contract, will be higher.

Previously known by the name of bis(2-chlorousipropyl) ether.

GLT338/024.51-3



Table 3-4
PESTICIDE/AROCHLORS

TARGET COMPOUND LJST (TCI) AND CONTRACT REQUIRED
QUANTTTAT1ON UMITS (CRd)

Pesticides/Aroclors

atoha-BHC

beta-8HC

deta-BHC

gamma-BHC (Ljndane)
| ima-^rt rifhln-r1 MpfiJCnlOf

Aldrin

Heptachlorepox.de

EndosuBan 1

Dieidrin

4.4-OOE

Endrin

&*r4rtAB Vin IIidosuian •

4.4-DDD
Cj-i_rlnji_ Jf im niJtriAjLcroosuian smate

4.4-ODT

Mott.oxych.0f

Endrin ketone

Endrin aldehyde

atoha-Chtordane

ganvna-Chtordane

Toxapnene

Arodor-1016

Arodor-1221

Aroctor-1232

Arodor-1242

Arodor-1248

Arodor-1254

Aroctor-1260

by the contract, v
and medium soi

CAS. NOS.

319-84-6

31945-7

319-86-8

58-89-9

76-44-8

309-00-2

1024-57-3

959-98-8

60-57-1

72-55-9

72-20-8

33213-65-9

72-544

1031-07-8

50-29-3

72-43-5

53494-70-5

7421-36-3

5103-71-9

5103-74-2
•_f.ft4i OC OOUU1-35-Z

12674-11-2

11104-28-2

11141-16-5

53469-21-9

12672-29-6

11097-69-1

11096-82-5
i fated for soi/sed-ment are based on
1^1 MI.*.*.) ii • t A«%.r m^Zll .ji.̂ .yi.̂  •> »«.il̂ B J».l«i

MI be reyner. There is no dnereiuauc
samples in this method for the anaVsi

uuaiw

Water

ug/L

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.50

0.10

0.10

0.05

a 05
C f\5.0

1.0

2.0

1.0

1.0

1.0

1.0

1.0
wet weight
rl nn rttv MM•i uii cy ^*v
m between
saf Pestick

tauun urncs

Soi On Column

ug/Kg ng

1.7 5

1.7 5

1.7 5

1.7 5

1.7 5

1.7 5

1.7 5

1.7 5

as 10
as 10
as 10
a3 10
as 10
as 10
as 10
17.0 50

as 10
as 10
1.7 5

1.7 5

•• <
7f\ C/1TI17U oUU

33 100

67 200

33 100

33 100

33 100

33 100

33 100
The cjuantitation limits
ight basis as required
the preparation of low
tes/Arodors.

GLT338/022.51-2



Table 3-5
METAL AND CYANIDE

INORGANIC TARGET ANALYTE LIST (TAL)
(Page 1 of 2)

Required"

Analyte

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Cyanide

Contract

Detection Limit

(ug/L)

200 ,

60

10

200

5

5

5000

10

50

25

100

3

5000

15

0.2

40

5000

5

10

5000

10

50

20

10

(1) Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D
(Alternate Methods—Catastrophic Failure) any analytical method specified in SOW Exhibit
D may be utilized as long as the documented instrument or method detection limits meet
the Contract Required Detection Limit (CRDL) requirements. Higher detection limits may
only be used in the following circumstances:

GLT338/022.51-3



Table 3-5
METAL AND CYANIDE

INORGANIC TARGET ANALYTE LIST (TAL)
(Page 2 of 2)

If the sample concentration exceeds five times the detection imt of the instrument or
method in use, the values may be reported even though the instrument or method
detection imt may not equal the Contract Required Detection Limit This is illustrated in
the example below;

For lead:
Method in use = tCP
Instrument Detection Limit (IDL) = 40
Sample ixwtc4wiiidbuii * 200
Contract Required Detection Limit (CRDL) - 3
The value of 200 may be reported even though instrument detection
fmt t» greater than CRDL The instrumei* or method detection fmft must be documented
as described in ExNbt E

(2) The CRDL are the instrument detection imits obtained in pure water that must be met
using the procedure in Exftbt E The detection imits for samples may be considerably
hKjher depending on the sample matrix.

GLT338/022.51-4
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The accuracy, precision, and sensitivity requirements for SAS for the CLP are
specified in each individual SAS request contained in Appendix E.

The standard operating procedures (SOPs) for the field equipment used to measure
pH, conductivity, temperature and volatile organic compounds are outlined in
Appendix F. These SOPs provide the field screening analyses accuracy and precision
requirements.

3.3 Completeness, Representativeness, and Comparability

Completeness is a measure of the amount of valid data obtained from a measurement
system compared to the amount of data that was expected to be obtained under
normal conditions. It is expected that the CLP will provide data meeting QC
acceptance criteria for 95 percent or more for all samples tested. Following
completion of the analytical testing, the percent completeness will be calculated by
the following equation:

number of valid data
completeness (%) = number of samples collected for x 100

each parameter analyzed

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. Representativeness is a qualitative
parameter which is dependent upon the proper design of the sampling program and
proper laboratory protocol. The sampling network was designed to provide data
representative of site conditions. During development of this network, consideration
was given to past waste disposal practices, existing analytical data, physical setting and
processes, and constraints inherent to the Superfund program. The rationale of the
sampling network is discussed in detail in the Field Sampling Plan.

Representativeness will be satisfied by seeing that the FSP is followed, proper
sampling techniques are used, proper analytical procedures are followed, and holding
times of the samples are not exceeded in the laboratory. Analytical
representativeness will be assessed by the analysis of field duplicated samples.
Precision control limits are defined in the current Statement of Work (SOWs).

Comparability expresses the confidence with which one data set can be compared
with another. The extent to which existing and planned analytical data will be
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comparabk depends on the similarity of sampling and analytical methods. The
procedures used to obtain the planned analytical data, as documented in the QAPjP,
are expected to provide comparable data.

GLT338/OQ3.51
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4.0 Sampling Procedures

Sampling procedures are described in the Field Sampling Plan (FSP).

The Field Sampling Plan is Appendix A of the QAPjP.

GLT338/004.51
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5.0 Sample Custody

It is US. EPA and Region 5 Policy to follow the U.S. EPA Region 5 sample custody,
or chain of custody protocols as described in "NEIC Policies and Procedures",
EPA-330/9-78-DDI-R, Revised June 1985. This custody is in three parts: Sample
collection. Laboratory analysis, and Final evidence files. Final evidence files, including
all originals of laboratory reports and purge files, are maintained under document
control in a secure area.

A sample or evidence file is under your custody if they

• Are in your possession
• Are in your view, after being in your possession
• Are in your possession and you place them in a secured location, or
• Are in a designated secure area.

5.1 Field Chain of Custody Procedures

The sample packaging and shipment procedures summarized below wfll insure that
the samples will arrive at the laboratory with the chain of custody intact Detailed
sample packing and shipping procedures and example forms are provided in
Appendix G. The protocol for specific sample numbering using case numbers and
traffic report numbers if applicable and other sample designations are included in the
Data Management Plan, Appendix B of the QAPjP.

5.7.7 Field Procedures

(a) • The field sampler is personally responsible for the care and custody of the
samples until they are transferred or properly dispatched. As few people as
possible should handle the samples.

(b) All bottles will be tagged with sample numbers and locations. The Sample
Management Office (SMO) number and stickers wfll be affixed.

(c) Sample tags are to be completed for each sample using waterproof ink unless
prohibited by weather conditions.

(d) The Field Team Leader wfll review all field activities to determine whether
proper custody procedures were followed during the field work.
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5.7.2 Field Logbooks/Documentation

Field logbooks will provide the means of recording data collecting activities
performed. As such, entries will be described in as much detail as possible so that
persons going to the site could re-construct a particular situation without reliance on
memory.

Field logbooks will be bound, field survey books or notebooks. Each logbook will be
identified by the project-specific document number.

The title page of each logbook will contain the following:

• Person to whom the logbook is assigned
• Logbook number
• Project name
• Project start date
• End date

Entries into the logbooks will contain a variety of information. At the beginning of
each entry, the date, start time, weather, names of all sampling team members
present, level of personal protection being used, and the signature of the person
making the entry will be entered.

Measurements made and samples collected will be recorded. All entries will be made
in ink and no erasures will be made. If an incorrect entry is made, the information
will be crossed out with a single strike mark. Whenever a sample is collected, a
detailed description and a sketch will be made of the location of the station, the
detailed description will include compass and distance measurements. Soil sample
designations for soil collected from borings will be noted on the boring log form. The
number of the photographs taken of the station, if any, will also be noted. All
equipment used to make measurements will be identified, along with the date of
calibration.

Samples will be collected following the sampling procedures documented in the Field
Sample Plan (FSP), Appendix A of QAPjP. The equipment used to collect samples is
noted in the FSP. The time of sampling, sample description, depth at which the
sample was collected will be recorded on the boring log form, and sample volume and
number of containers will be indicated on the chain of custody form. Sample
identification number will be assigned prior to sample collection. Field duplicate
samples, which will receive an entirely separate sample identification number, will be
noted under sample description.
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5.73 Transfer of Custody and Shipment Procedures

Sample Documentation and shipping procedures are explained in full detail in
Appendix of this QAPjP. Noted below are the chain of custody procedures to be
followed on the Carter-Lee Lumber RI project.

(a) Samples are to be accompanied by a properly completed chain of custody
form. The sample numbers and locations will be listed on the chain of custody
form. When transferring the possession of samples, the individuals
relinquishing and receiving will sign, date, and note the time on the record.
This record documents transfer of custody of samples from the sampler to
another person, to the permanent laboratory, or to/from a secure storage area.

(b) Samples wfll be properly packaged for shipment and dispatched to the
appropriate laboratory for analysis, with a separate signed custody record
enclosed in each sample box or cooler. Shipping containers wfll be locked and
secured with strapping tape and EPA custody seals for shipment to the
laboratory. The preferred procedure includes use of a custody seal attached to
the front right and back left of the cooler. The custody seals are covered with
clear plastic tape. The cooler is strapped shut with strapping tape in at least
two locations.

(c) All shipments wfll be accompanied by the Chain of Custody Record identifying
the contents. The original record will accompany the shipment, and the pink
and yellow copies wfll be retained by the sampler for returning to the sampling
office.

(d) If the samples are sent by common carrier, a bfll of lading should be used.
Receipts of bflb of lading wfll be retained as pan of the permanent
documentation. Commercial carriers are not required to sign off on the
custody form as long as the custody forms are sealed inside the sample cooler
and the custody seals remain intact.

5.2 Laboratory Chain of Custody Procedures

The chain of custody procedures for the Contract Laboratory Program (CLP) are
described in the Statements of Work (SOW) for Routine Analytical Services (RASs).
The same custody procedure applies to Special Analytical Services (SASs). These
custody procedures along with the holding time requirements for CLP samples are
described in the appropriate SOW (OLM01.1 for organics and ILM01.0 for
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described in the appropriate SOW (OLM01.1 for organics and ILM01.0 for
inorganics).

The chain of custody procedures for the quick turnaround method (QTM) described
in the draft SOW for QTM dated March 1992.

53 Final Evidence Files Custody Procedures

CH2M HILL is the custodian of the evidence file and maintains the contents of
evidence files for the RI, including all relevant records, reports, logs, field notebooks,

W pictures, subcontractor reports, correspondence, laboratory logbooks, chain of custody
form, and Laboratory Scientific Support Section (LSSS) of CRL's data reviews in a
secured, limited access area and under custody of the contractor's site manager.

GLT338/005.51
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6.0 Calibration Procedures and Frequency

This section describes procedures for maintaining the accuracy of all the instruments
and measuring equipment which are used for conducting field tests and laboratory
analyses. These instruments and equipment should be calibrated prior to each use or
on a scheduled, periodic basis.

6.1 Field Instruments and Equipment

Calibration of field instruments will be performed at the intervals specified by the
manufacturer or more frequently if conditions dictate. Field instruments will include
a pH meter, thermometer, specific conductivity meter, and Organic Vapor
Photoionization Detector (HNu). In the event that an internally calibrated field
instrument fails to meet calibration/checkout procedures, it will be returned to the
manufacturer for service.

Calibration of field instruments is governed by the specific Standard Operating
Procedure (SOP), Appendix F of this QAPjP, for the applicable field analysis method,
and such procedures take precedence over the following general discussion.

A genera] procedures for pH meter, specific conductivity meter and thermometer are
described below:

6.1.1 pH Calibration

The pH meter wfll be calibrated with standard buffer solutions prior to a field trip.
In the field, the meter will be calibrated daily with two buffers before use.
Calibration procedures and frequency will be recorded in a field log book along with
the lot numbers of the buffer.

A general procedure for instrument calibration is as follows:

• Check that temperature of sample and buffer are the same.

• Connect pH electrode into pH meter and turn on pH meter.

• Set temperature setting based on the temperature of buffer; place
electrode in first buffer solution.

• After reading has stabilized, adjust "CALJB" knob to display correct
value.
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• Repeat procedure for second buffer solution.

• Place pH electrode in the sample and record the pH as displayed.

• Remove pH electrode from sample and rinse off with distilled water.

• The pH meter must be recalibrated every time it is turned off and
turned back on, or if it starts giving erratic results.

The calibrations performed, standard used, and sample pH values are to be recorded
in the field notebook. Appropriate new batteries will be purchased and kept with the
meters to facilitate immediate replacement in the field as necessary.

6.1.2 Thermometer Calibration

Temperature measurements are carried out utilizing a thermometer. The
thermometers must be inspected before use to ensure there is no mercury separation.
The thermometers should be rechecked in the field before and after use to see if the
readings are logical and the mercury is still intact. The thermometers should be
checked biannually for calibration, by immersing them in a bath of known
temperature until equilibrium is reached. They should be discarded if found to have
more than 10 percent error. The reference thermometer used for the bath
calibration should be National Bureau of Standards traceable.

6.1.3 Conductivity Meter Calibration

The conductivity cells of the specific conductivity meter will be cleaned and checked
against known conductivity standards before each field trip. In the field, the
instrument will be checked daily with NBS traceable standards.

The calibration procedure is described below.

• Place the probe in conductivity calibration standard solution.

• Set temperature knob for temperature of standard solution.

• Turn to appropriate scale and set the instrument for the value of
calibration standard.

• Rinse off the electrode with distilled water.
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• Measure the conductivity for distilled water to be used for a field blank,
making sure temperature is set correctly for temperature of solution to
be tested.

• If the conductivity of blank (distilled water) is high, it must be discarded
and a new blank sample procured.

All readings and calibrations should be recorded in the field notebook.

6.1.4 HNu and OVA Calibration

The HNu and/or OVA win be calibrated daily with a gas of known concentration, as
described in the HNu and OVA field SOP (Appendix F).

Equipment to be used during the field sampling will be examined to certify that it is
in operating condition. This includes checking the manufacturer's operating manual
and the instructions for each instrument to ensure that all maintenance requirements
are being observed. Field notes from previous sampling trips will be reviewed so that
the notation on any prior equipment problem are not overlooked, and all necessary
repairs to equipment have been carried out Spare electrodes, thermometers and
other frequently used field equipment will be maintained at the sampling location.

&2 Laboratory Instruments

62.1 Calibration Procedures and Frequency for RAS, SAS, and
QTM Analyses

The CLP calibration procedure and frequencies are specified in the CLP organic and
inorganic SOWs. Where analyses are conducted according to the U.S. Environmental
Protection Agency (U.S. EPA) Contract Laboratory Program (CLP)/SW 846
protocols, the calibration procedures and frequencies specified in the applicable CLP
Routine Analytical Services (RAS) Statement of Work (SOW) wfll be followed
exactly.

&2.L1 Orfuric Attlyses

Prior to calibration, the instrument(s) used for Gas Chromatograph/Mass
Spectrometer (GC/MS) analyses are tuned by analysis of p-bromofluorobenzene
(BFB) for volatile analyses and decafluorotriphenyl phosphine (DFTPP) for semi-
volatile analyses. Once the tuning criteria for these reference compounds are met,
the instrument should be initially calibrated by using a five point calibration curve.
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Continuing calibration is verified as specified in the method, or at least each working
day, using criteria specified by the method. The calibration standards will be
U.S. EPA-or NBS-traceable and are spiked with internal standards and surrogate
compounds.

6.2.1.2 Metals Analysis

The Atomic Absorption Spectrophotometer (AAS) and Inductively Coupled Plasma
Emission Spectrophotometer (ICP) instruments are calibrated by use of a minimum
of three calibration standards prepared by dilution of certified stock solutions. An
analysis blank is prepared with one calibration standard at the quantitation limit for
the metal. The other standards bracket the concentration range of the samples.
Calibration standards will contain acids at the same concentration as the digestates.

A continuing calibration standard, prepared from a different stock solution than that
used for preparation of the calibration standards, is prepared and analyzed after each
ten samples or each two hours of continuous operation. The value of the continuing
calibration standard concentration must agree with +_ 10 percent of the initial value
or the appropriate corrective action is taken which may include recalibrating the
instrument and reanalyzing the previous ten samples.

For the ICP, linearity near the quantitation limit will be verified with a standard
prepared at a concentration of two times the quantitation limit. This standard must
be run at the beginning and end of each sample analysis run or a minimum of twice
per 8-hour period.

6.2.2 SAS Calibration Procedure and Frequency

The SASs calibration procedures and frequency are specified in the SASs request.
SAS requests are located in Appendix E of the QAPjP.

6.2.3 QTM Calibration Procedures and Frequency

The QTM calibration procedure and frequencies are specified in the QTM from the
CLP draft SOW dated March 1992.

10010476.GLO
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7.0 Analytical Procedures

The groundwater and soil samples collected during field sampling activities for the
Carter-Lee Lumber RI will be analyzed by the CLP.

7.1 Laboratory Analytical Procedures

7.7.7 Routine Analytical Services Laboratory Procedures
»-

If available, all samples for CLPTCL VOAs, semivolatiles and Pesticide/PCBs and
CLP TAL inorganic (dissolved metals and cyanide) wfll be analyzed according to
analytical procedures set forth in the modified RASs that provides results within
two weeks of sample receipt. These modified RASs are the conventional SOWs
(US. EPA CLP RAS SOW (OLM01.1) for organics analysis and RAS SOW
(ILM01.0) for inorganic analysis) with the two week turn around requirement as the
only change. If the quick result RASs are unavailable the samples wfll be analyzed as
RAS plus SAS, with the SAS component being the two week turn around time for the
results. The QAPjP is written as if the modified RASs wfll be available.

The samples for Volatile Organic Anah/te (VOA) analysis shall be screened as
recommended in VOA CLP RAS SOW/OLM01.1. Samples which, as a result of the
screening, would normally be quantitated using the VOA CLP "Low" method, shall
be analyzed by the SOP for Volatile with the Low Detection Limits. If the result of
the screening indicate that the VOA CLP "Medium" method should be used, then the
sample shall be quantitated according to the CLP SOW for Organic analysis, Multi-
media, High Concentration, dated 9/88, revision 4/89. This screening and multi-
method approach is necessitated by the very low detection limits required to meet
project objectives while accommodating the potential for samples with high
concentrations of VOAs.

7.7 J Special Analytical Services Laboratory Procedures

The analytical procedures to be used for performing the SAS analyses are described
in the SAS requests in Appendix E of this QAPP. SAS analysis wfll be performed by
the CLP. Also specified in the SAS requests are calibration procedures, frequency of
calibration, and the internal quality control checks required for each analysis.
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7.1.3 Quick Turnaround Method Procedures

The analytical procedures to be used for performing the QTM analyses are described
in the CLP draft statement of work for quick turnaround analysis, dated March 1992.

7.2 Field Screening Analytical Procedures

The procedures for field measurement of pH, specific conductivity, and volatile
organics are described in the field measurement SOPs in Appendix F.

GLT338/007.51
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8.0 Internal Quality Control Checks

8.1 Field Sample Collection

The assessment of field sampling precision and accuracy will be made through
collection of field duplicates, MS samples, MS/MSD samples, and trip and field blanks
in accordance with the applicable procedures described in the FSP at the frequency
indicated in Section 3 of the QAPjP.

&2 Field Measurement

QC procedures for pH. conductivity, temperature and HNu measurements are limited
to checking the reproducibflity of the measurement by obtaining multiple readings on
a single sample or standard and by calibrating the instruments. Field quality control
check data will be recorded in the field log book.

c 'kt 'C
83 Laboratory Analyses i i L "'•

- v- L ^ '
8J.1 KAS Internal Quality Control Checks .- ^ r ^

X- ' ~ ~ \

Internal quality control procedures for RAS from the CLP are specified in the
Statement of Works (SOWs) for organics and inorganics. These specifications include
the types of QC checks required (method blanks, reagent/preparation blanks, matrix
spike and matrix spike duplicates, calibration standards, internal standards, surrogate
standards, the frequency of each audit, the specific calibration check standards,
laboratory duplicate/replicate analysis), compounds and concentrations to be used,
and the quality control acceptance criteria for these audits.

832 SAS Internal Quality Control Checks

Quality control checks for SAS are identified in the QC requirements Section of the
SAS requests Appendix E.
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8.3.3 QTM Internal Quality Control Checks

Quality control procedures for QTM from the CLP are specified in the draft SOW
for quick turnaround analysis, dated March 1992. These specifications include QC
check requirements, compounds and concentrations to be used, and the quality
control acceptance criteria.

GLT338/008.51
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9.0 Data Reduction, Validation, and Reporting

All samples collected at the Carter-Lee Lumber site will be sent to the CLP. Data
reduction, evaluation, and reporting will be performed according to specifications
outlined in the CLP RAS SOW (OLM01.1) for the organics and SOW (ILM01.1) for
inorganics. The CLP will send the data to the EPA, Region 5, Laboratory Scientific
Support Section (LSSS), for data validation. The LSSS wfll validate and provide the
data to CH2M HILL on a priority one basis. CH2M HILL would like to receive the
validated data within seven days after receipt at the LSSS.

9.1 Data Reduction

9.7.7 CLP Data Reduction

Data reduction, evaluation, and reporting for samples analyzed by the CLP performed
according to specifications outlined in the CLP RAS SOW (OLM01.1) for the
organics and SOW (ILM01.1) for inorganics.

Data resulting from SAS request will be reduced, evaluated and reported as described
above unless special procedures are given in the actual SAS request.

No data reduction is required with the QTM program. The QTM program
electronically provides result tables.

9.72 Fidd Measurements and Sample Collection

Raw data from field measurements and sample collection activities wfll be
appropriately recorded in the field log book. If the field data are to be reported in a
summarized format, the data wfll be tabulated by parameter, then by day of analysis.

92 Data Validation

Validation wfll be accomplished by comparing the contents of the data packages and
QA/OC results to the requirements contained in the RAS and SAS methods. Raw
data such as GC/MS Total Ion Current (TIC) chroraatograms, GC chromatograms,
and mass spectra, ICAP and FAA data reports, and data station printouts will be
examined to ensure that reported results are accurate. The U.S. EPA Region 5
Laboratory Scientific Support Section (LSSS) will be responsible for this. The
protocol for RAS anatyte data validation as presented in:
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• Laboratory Data Validation Functional Guidelines for Evaluating
Organic Analyses—U.S. EPA, February 1988

• Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses—U.S. EPA, July 1988

The Data Review will identify any out-of-control data points and data omissions.

The QTM has an electronic data validation program build in. The electronic data
validation is based on the functional guidelines, and will automatically flag qualified
results prior to the result sheet being produced. The level of data supplied by the
QTM program is that of level II(Field Analysis). The QTM data will undergo no
additional data validation.

Decisions to repeat sample collection and analyses may be made by the Project
Manager based on the extent of the deficiencies and their importance in the overall
context of the project. Due to the similarity of analytical costs between the two
investigative phases, if there are significant data lapses that would require substantial
phase I resampling or reanalysis, the project would automatically move to phase II.

The Carter-Lee Lumber RI/FS data will be available through controlled access to the
Project Manager, and authorized personnel only.

9.3 Data Reporting

The RAS and SAS analytical laboratories will prepare and submit full analytical and
QC reports to EPA Region 5 in compliance with requirements of the CLP to include
the following (as applicable):

1. Narrative including statement of samples received, description of any
deviations from RAS or SAS standard procedures, explanation of
qualifications regarding data quality, and any other significant problems
encountered during analysis

2. Up to 20 extractable organic compounds not included in the RAS
analytes, tentatively identified and quantified against the nearest internal
standard

3. An organic QA/QC report including Forms I to X,, surrogate spike
results for each sample, matrix spike and matrix spike duplicate results,
method blank results, and initial and continuing calibration checks
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4. An inorganic QA/QC report including Forms I to XIII spike and
duplicate results, method blank results, and initial and continuing
calibration checks

5. Field and laboratory chain-of-custody documentation pertaining to each
sample delivery group analyzed

The CLP will submit QTM result sheets to EPA Region 5 and CH2M HILL in
compliance with the requirements of the Draft SOW for Quick Turnaround Analysis,
dated March 1992.

9.4 CH2M HILL Data Review

CH2M HIM, wfll review the validated data to determine if overall QA objectives
were met All data generated for the Carter-Lee Lumber RI/FS wfll be computerized
in a format organized to facilitate data review and evaluation. The computerized
data set will include the data flags provided by CLP, as well as additional comments
of the Data Reviewer. The laboratory-provided data flags wfll include such items as:
1) concentration below required detection limit, 2) estimated concentration due to
poor below required detection limit, 2) estimated concentration due to poor spike
recovery, and 3) concentration of chemical also found in laboratory blank. The Data
Reviewer comments wfll indicate that the data are: 1) usable as a quantitative
concentration, 2) usable with caution as an estimated concentration, or 3) unusable
due to out-of-control QC results.

10010477 GLO
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10.0 Performance and System Audits

Performance and system audits of both field and laboratory activities will be
conducted to verify that sampling and analysis are performed in accordance with the
procedures established in the FSP and QAPjP. The audits of field and laboratory
activities include two separate independent parts: Internal and External audits.

10.1 Field Audits

Internal audits of field activities (sampling and measurements) will be conducted by
CH2M HILL's Field Team Leader. The audits will include examination of field
sampling records, field instrument operating records, sample collection, sample
handling and packaging procedures, maintenance and QA procedures, and chain of
custody procedures. An audit will occur at the onset of the project to verify that all
established procedures are in place. A follow-up audit will be conducted to verify
that QA procedures are maintained throughout the sampling.

An external audits will be conducted by U.S. EPA Region 5 Central Regional
Laboratory (CRL) and/or Central District Office (CDO).

10.2 Laboratory Audits

Each CLP laboratory quality assurance director will perform their own internal quality
control audits.

The U.S. EPA EMSL-Las Vegas conducts the external audits of the CLP laboratories
on an annual basis. The external audits will include, at a minimum, examination of
laboratory documentation on sample receiving, sample log-in, sample storage, chain of
custody procedure, sample preparation and analysis, and instrument operating
records.

The CLP also requires, on a quarterly basis, the analysis of performance samples.
These performance audits consist of sending performance evaluation (PE) samples to
the CLP laboratories for on-going assessment of laboratory precision and accuracy.
The analytical results of the analysis of PE samples are evaluated by EPA to ensure
the laboratory maintain a good performance.
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Additional audits of the SAS laboratories may be conducted by the VS. EPA
Region 5 CRL.

GLT338/010J1
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12.0 Specific Routine Procedures to Assess Data Precision,
Accuracy, and Completeness

12.1 Field Measurements

Field data will be assessed by the Field Team Leader. The Field Team Leader will
review the field results for compliance with the established QC criteria that are
specified in the QAPjP and FSP. Accuracy of the field measurements will be assessed
using daily instrument calibration, calibration check, and analysis of blanks (equation
12-2). Precision will be assessed on the basis of reproducibility by multiple reading of
a single sample using equation 12-1. Data completeness will be calculated at the end
of the field effort using Equation 12-3.

12.2 Laboratory Data

Laboratory results will be assessed for compliance with required precision, accuracy,
completeness and sensitivity as follows:

12.2.1 Precision

Precision of laboratory analysis will be assessed by comparing the analytical results
between MS/MSD for organic analysis, and laboratory duplicate analyses for inorganic
analysis. The relative percent difference (%RPD) will be calculated for each pair of
duplicate analysis using the Equation 12-1:

S - D
Eq. 12-1 %RPD= - x 100

(S + D)/2

Where: S = First sample value (original or MS value)
D = Second sample value (duplicate or MSD value)

12.2.2 Accuracy

Accuracy of laboratory results will be assessed for compliance with the established
QC criteria that are described in Section 3 of the QAPjP using the analytical results
of method blanks, reagent/preparation blank, MS, MS/MSD, surrogate recoveries,
internal standards, field blank, and trip blanks. The percent recovery (%R) of matrix
spike samples will be calculated using Equation 12-2:
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A - B
Eq. 12-2 %R= x 100

Where:

A = The analyte concentration determined experimentally
from the spiked sample;

B = The background level determined by a separate analysis
of the unspiked sample and;

C = The amount of the spike added.

1233 Completeness

The data completeness of laboratory analyses results will be assessed against the
established completion objective of 95 percent The completeness is calculated using
Equation 12-3:

Number of
Valid Data Obtained

Eq. 12-3 Completeness = x 100
Number of

Sample collected for
each parameter analyzed

122.4 Sensitivity

The achievement of method detection limits depends on instrumental sensitivity and
matrix effects. It is important to monitor the instrumental sensitivity to ensure the
data quality through constant instrument performance. The instrumental sensitivity
will be monitored through the analysis of method and instrument blanks, calibration
check samples, and laboratory control samples.

GLT338/012J1
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11.0 Preventive Maintenance Procedures

11.1 Field Equipment and Instruments

The field equipment for this project includes thermometers, pH meter, conductivity
meter and a HNu. Specific preventive maintenance procedures to be followed for
field equipment are those recommended by the manufacturer.

Field instruments will be checked and calibrated in the Warehouse before they are
delivered to the field. These instruments will be checked and calibrated daily before
use.

Critical spare parts such as tape, paper, pH probes, electrodes and batteries will be
kept on-site to minimize instrument down time. Backup instruments and equipment
will be available within one-day to avoid delays in the field schedule.

11.2 Laboratory Instruments

The laboratories participating in the CLP are required under the CLP RAS SOW
(OLM01.1) for organics and SOW (ILM01.0) for inorganics, to have SOPs on
preventive maintenance for each measurement system and required support activity.
All maintenance activities are required to be documented in log books to provide a
history of maintenance records.

GLT338/011.51
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13.0 Corrective Actions

Corrective actions may be required for two classes of problems: analytical and
equipment problems and noncompliance problems. Analytical and equipment
problems may occur during sampling and sample handling, sample preparation,
laboratory instrumental analysis, and data review.

For noncompliance problems, a formal corrective action program wfll be determined
and implemented at the time the problem is identified. The person who identifies the
problem is responsible for notifying the RPM. If the problem is analytical in nature,
information on these problems will be promptly communicated to the US. EPA,
Quality Assurance Section. Implementation of corrective action will be confirmed in
writing through the same channels.

Any nonconformance with the established quality control procedures in the QAPjP or
FSP wfll be identified and corrected in accordance with the QAPjP. The U.S. EPA,
RPM or his designee wfl] issue a Nonconformance Report for each nonconformance
condition.

No staff member wfll initiate corrective action without prior communication of
findings through the proper channels. If corrective actions are insufficient, work may
be stopped by a stop-work order by the RPM.

13.1 Sample Collection/Field Measurements

Technical staff and project personnel wfll be responsible for reporting all suspected
technical or QA nonconformances or suspected deficiencies of any activity or issued
document by reporting the situation to the Field Team Leader or designee. The
Field Leader, in consultation with the Project QA Manager, wfll be responsible for
assessing the suspected problems and making a decision on the potential for
the situation to impact the quality of the data. If it is determined that the situation
warrants a importable nonconformance requiring corrective action, then a
nonconfonnance report wfll be initiated by the Field Team Leader,

The Field Team Leader wfll be responsible for ensuring that corrective action for
nonconformances are initiated by:

• Evaluating all reported nonconformances

• Controlling additional work on nonconforming items
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• Determining disposition or action to be taken

• Maintaining a log of nonconformances

• Reviewing nonconformance reports and corrective actions taken

• Ensuring nonconformance reports are included in the final site
documentation in project files

If appropriate, the Field Team Leader will ensure that no additional work that is
dependent on the nonconforming activity is performed until the corrective actions are
completed.

Corrective action for field measurements may include, but will not be limited to:

• Repeat the measurement to check the error

• Check for all proper adjustments for ambient conditions such as
temperature

• Check the batteries

• Check the calibration

• Re-Calibration

• Replace the instrument or measurement devices

• Stop work (if necessary)

The Field Team Leader or their designee is responsible for all site activities. In this
role, the Field Team Leader at times is required to adjust the site programs to
accommodate site specific needs. When it becomes necessary to modify a program,
the responsible person notifies the PM of the anticipated change and implements the
necessary changes after obtaining the approval of the RPM.

The Field Team Leader for the Carter-Lee Lumber site is responsible for the
controlling, tracking, and implementation of the identified changes. Reports on all
changes will be distributed to all affected parties which include the U.S. EPA RPM.
The RPM will be notified whenever program changes in the field are made.
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13J Laboratory Analyses

73.2.7 Laboratory Corrective Actions—CLP RASs

For the CLP RAS, Corrective action is implemented at several different levels. The
laboratories participating in the CLP are required to have a written SOP specifying
corrective action to be taken when an analytical error is discovered or the analytical
system is determined to be out of control The SOP requires documentation of the
corrective action and notification by the analyst about the errors and corrective
procedures.

The Sample Management Office also may request corrective action for any
contractual nonconfonnance identified by audits or data validation. The CRL may
request corrective action by the laboratories for any nonconformances identified in
the data validation process through the Sample Management Office or, for minor
problems, the lab may be contacted directly. Corrective action may include:

• Re-analyzing the samples, if holding time criteria permits

• Resampling and analyzing, and/or

• Evaluating and amending sampling procedures and/or Evaluating and
amending analytical procedures

• Accepting data and acknowledging the level of uncertainty

If resampling is deemed necessary due to laboratory problems, RPM must identify the
necessary approach including cost recovery from the CLP for the additional sampling
effort.

73~2 J Laboratory Corrective Actions—SASs

For Special Analytical Services (SASs) requests, corrective actions wfl] be
implemented according to the procedure described in the previous paragraph,
Section 13.2.
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13.2.3 Laboratory Corrective Action—QTMs

The laboratories participating in the QTM are required to follow corrective action
described in the draft SOW for quick turnaround analysis, dated March 1992.

GLT338/013.51
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14.0 Quality Assurance Reports to Management

In addition to the audit reports submitted to the site manager in accordance with
QAPjP Section 12, a monthly progress report is submitted to the EPA RPM, and
CH2M HILL's management which addresses all Quality Assurance issues. The final
RI and FS report wflj contain a QA section that summarizes the data quality
information collected during the project The contents of the reports include, but will
not be limited to:

• Performance and system audits conducted during the field sampling
event

• Data validation narrative summary and data quality assessment

• QA problems and corrective action

• Qualified data summarized in a tabular format

GLT338/014.51
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Appendix A
Field Sampling Plan

1.0 Summary of Sampling Activity

A phased investigative approach will be used in the RI because only limited data are
available from a previous field investigation and because the actual level of risk
associated with the site has not been clearly established. The object of the first phase
will be to determine if potential exposure to contaminants at the site presents
potential risk to public health or the environment and whether that potential risk
exceeds the U.S. EPA point of departure for acceptability. If past disposal activities
at the site contribute to potential exposures and result in unacceptable risks caused by
soil or groundwater contaminants, a second phase of field work will be performed.
The objects of Phase 2 will be to determine the extent of contamination identified in
Phase 1 and to quantify risks attributable to the site.

The Phase 1 investigation will consist of the following:

• Surface soil sampling to evaluate background contaminant
concentrations and contaminant concentrations in the drainage ways

• Subsurface soil sampling within the following areas of reported disposal:

— Area of suspected waste pickle liquor disposal

— Area of red soil stockpile

— Trench where site debris and potentially hazardous substances
were disposed of

— Area where the stockpiled red soil was spread and covered

— Area where eroded site soil may accumulate and where railroad
car dumping most likely would have occurred

• Installation and sampling of shallow monitoring wells

• Measurement of groundwater elevations
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Sofl samples will be analyzed for full Target Compound List (TCL) organic
compounds and Target Anatyte List (TAL) inorganic chemicals. A limited number of
samples wfll be analyzed for total organic carbon (TOC) and cation exchange capacity
(CEQ. These samples wfll also be held for possible analysis of additional soil
physical characteristics to be performed if a Phase 2 investigation is deemed
necessary. Groundwater samples wfll be analyzed for the full TAL and TCL. Metals
samples wfll be field filtered.

Background sofl and groundwater analytical data from the Phase 1 investigation will
be qualitatively and statistically evaluated to determine whether a Phase 2
investigation is necessary. During the evaluation, outliers in the Phase 1 data set will
be eliminated. The upper 95 percent confidence interval (CI) of the mean will be
calculated using the remaining data set. The onsite data wfll then be compared to the
upper 95 percent CL If the concentration of an onsite constituent falls below the
upper 95 percent CI, it wfll be concluded that the constituent does not exceed its
background concentration. The foDowing factors wfll be considered during the
preliminary evaluation of the need for a Phase 2 investigation:

• Background contaminant concentrations versus site contaminant
concentrations using the upper 95-percent confidence level

• Sofl ingestion criteria based on target numbers for 10* risk and a
Hazard Index of 1

• Leachabflhy of sofl contaminants and potential effect on groundwater

• Drinking water MCLs and water ingestion criteria (again based on
target numbers for 10* risk and a Hazard Index of 1)

Findings of the Phase 1 investigation wfll be reviewed with the EPA. The EPA wfll
decide either to proceed with a Phase 2 field investigation or to prepare the RI
Report, including a quantitative risk assessment, based solely on Phase 1 data.
Potential Phase 2 work may include:

• Site mapping
• Additional surface and subsurface sofl sampling
• Installation of shallow, intermediate, and deep monitoring wells
• Groundwater sampling
• Measurement of groundwater elevations
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2.0 Sample Network Design and Rationale

This section presents the sample network by task and matrix, site maps showing
sample locations, and the rationale for the selected sampling locations. A summary of
the sample network is provided in Table A-l.

2.1 Sample Network by Task and Matrix, Site Maps, and Rationales
of Selected Sampling Locations

2.1.1 Phase 1 Field Investigation

The specific objectives of the Phase 1 field investigation are:

• To establish background concentrations of contaminants in the soil and
the groundwater

• To determine whether hazardous substances are present in soil and
groundwater at concentrations above background or at concentrations
that could pose unacceptable risks to public health or the environment

2.1.1.1 Background Soil Sampling

Background

To establish background concentrations of contaminants in the soil, soil samples will
be collected from the site perimeter locations shown in Figure A-l (locations BK-1
to BK-6). Samples will be collected from the upper 6 inches at locations BK-1 to
BK-5 using a hand auger. At BK-6, two soil samples will be collected—one each at
depths of 10 and 20 feet. This location is adjacent to Reichwein Avenue and is
relatively uninfluenced by urban industrial settings. The boring will be logged on
5-foot intervals or changes in soil lithology (whichever is smaller) and sampled using a
2-foot-long, 3-inch O.D. split-spoon sampler. The background soil samples will be
screened in the field for VOCs using an HNu or an organic vapor analyzer (OVA).
Samples with elevated organic vapors will not be used for background
characterization because the location may be contaminated from an isolated source
not related to ubiquitous urban contamination. The samples will be analyzed for full
TCL organic compounds and TAL inorganic chemicals on a quick turnaround basis.
The results will be compared to onsite soil concentrations. Ten additional
background samples to be selected in the field will also be obtained and stored
pending results from the BK samples. If the relative differences in concentrations
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between background and onsite samples is small, those ten samples may also be
analyzed.

Ornate

To determine whether hazardous substances are present in the sofl at concentrations
above background levels, sofl sampling will be performed in the following onsite
areas:

• Area of suspected waste pickle liquor disposal

• Area of red sofl stockpile

• Trench where she debris and potentially hazardous substances were
disposed of

• Area where the stockpiled red sofl was spread and covered

• Area where eroded site sofl may accumulate and where railroad car
dumping most likely would have occurred

Proposed sofl boring locations are shown in Figure A-l. Sofl samples wfll be screened
for VOCs in the field using an HNu or OVA.

Four of the sofl borings (SB-1 to SB-4) wfll be drilled to the water table to evaluate
the vertical extent of sofl contamination in the areas of concern. Based on regional
nvdrogeologic data, the water table is estimated to be about 25 feet below the ground
surface. The borings wfll be drilled and sampled using hollow-stem auger drilling
techniques and a standard 3-inch O.D. split-spoon sampler. The borings wfll be
logged on 5-foot intervals or changes in lithology. At each of the four borings, three
sofl samples wfll be selected for full Target Compound List (TCL) analyses and
Target Anah/te List (TAL) analyses from the following depths: (1) one from the
upper 2 feet, (2) one discretionary sample from 2 to 10 feet based on visual
appearance and HNu/OVA screening, and (3) one from the water table surface. Up
to six sofl samples wfll be collected and analyzed for total organic carbon (TOC) and
cation exchange capacity (CEC). The samples wfll also be held for possible analysis
of the following additional sofl physical characteristic parameters if a Phase 2
investigation is deemed necessary:

• Grain size
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• Atterberg limits
• Porosity
• Percent moisture
• Density

The above physical soil parameters are important for the evaluation of contaminant
transport and soil remediation alternatives.

Seven shallow borings will be drilled to evaluate the distribution of contamination
across the site (SB-5 to SB-11). Because the suspected contaminants are primarily
metals and PAHs that would not be expected to migrate downward, these borings will
be drilled to a depth of 4 feet. The borings will be sampled and logged on 2-foot
intervals. One or two soil samples per boring will be selected for chemical analysis
based on visual appearance and HNu/OVA screening. A total of 11 soil samples will
be collected from the 7 shallow soil borings. Samples will be composites of the 2-foot
interval unless the visual appearance or HNu/OVA screening indicates a potential for
concentrated contamination. In that case, the sample will be composited over the
interval of suspected elevated concentrations. The soil samples will be analyzed for
full TCL organic compounds and TAL inorganic chemicals.

The potential for overland migration of site contaminants in surface runoff will be
investigated at two locations in the drainage swales running parallel to the eastern
and southern site boundaries (SS-1 and SS-2; see Figure A-l). Two soil samples will
be collected at each location from the following intervals: the 0- to 6-inch interval and
the 6- to 12-inch interval. The samples will be analyzed at the CLP for the full TAL
and TCL.

2.1.1.2 Hydrogeologjc Investigation.

Groundwater Grab Sampling.

To provide data on potential groundwater contamination, one grab sample will be
collected from each of the following soil boring locations SB-1, SB-2, SB-3, and SB-4.
The grab samples will be collected from within the hollow-stem auger at a depth of
several feet below the water table. The groundwater samples will be analyzed at the
CLP for the full TAL and TCL. Metal samples will be field filtered with 2.0 /Am filter
paper to remove suspended solids. Filtered metals will be analyzed because the high
amounts of suspended particles of native soil may bias the results.
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Monitoring Wett InstaHatitmlGnmndwattr Sampling.

To define potentiometric relationships in the vicinity of the site and to determine
whether groundwater is contaminated, five shallow monitoring wells wfll be installed
at the locations shown in Figure A-l. The rationale for each location is as follows:

• CMW1 and CMW2 are assumed to be upgradient of the site.

• CMW3 and CMW4 are assumed to be downgradient of areas where the
red soil was originally disposed of.

• CMW5 is assumed to be downgradient of the stockpile area and trench
and within the surface runoff seepage area.

CMW1, CMW2, and CMW5 wfll be installed and surveyed, and water elevations wfll
be measured before installation of the remaining two monitoring wells to allow
optimal placement of the wells downgradient of possible sources.

The boreholes for the monitoring wells wfll be advanced using hollow-stem augers. If
alternative drilling methods are required, only methods using clear water, air, or cable
tool wfll be considered. Monitoring wells wfll be constructed of 2-inch-diameter PVC
with factory slotted 10- to 15-foot screens. The wells wfll be installed so that the
screened interval wfll intersect the water table. Each well wfll have a minimum 2-foot
stickup with a 4- or 6-inch-diameter protective steel casing with locking cap. A
concrete apron will be installed to promote runoff. Wells wfll be surrounded by three
concrete filled, 4-inch-diameter guard posts. In traffic areas, monitoring wells will be
flush mounted.

Following installation, each monitoring well wfll be developed until substantially free
of sediment and until pH and conductivity are stable to the satisfaction of the
CH2M HILL hydrogeologist. Wells wfll be developed using either the double tube
air lift or surge-and-bafl methods. It is assumed that well development water and
purge water wfll be discharged to the Indianapolis Wastewater Treatment Plant sewer
system.

AD new monitoring wells wfll be surveyed by a local, subcontracted surveyor to
establish the horizontal location and elevation of the measuring points. Elevation
measurements wfll be taken on the riser pipe with the measuring point designated by
a chisel mark. All elevations wfll be referenced to a bench mark established at the
site. Vertical elevations of measuring points will be made to the nearest 0.01 foot
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All wells will be located horizontally to within ± 5 feet. Water levels will be collected
once during Phase 1.

Groundwater samples will be collected from each of the newly installed monitoring
wells about 24 hours following installation. Prior to groundwater sampling,
groundwater levels will be measured and the wells will be purged to remove stagnant
water and stratified contaminants. Metal samples will be field filtered. Monitoring
well sampling procedures are described in detail in Section 7.0. Groundwater samples
will be analyzed for the full TAL and TCL.

A summary table of the sample network is provided in Table A-l.

2.1.2 Phase 2 Field Investigation

Whether a Phase 2 investigation is necessary will be determined based on the
evaluation of the data from the fast turnaround analyses of Phase 1 samples. The
specific objectives of the Phase 2 field investigation are:

• To generate a topographic survey and base map of the Carter-Lee
Lumber site

• To determine the extent of soil contamination

• To confirm or refine the conceptual model of the subsurface
stratigrapnic relationships

• To delineate the horizontal and vertical extent of groundwater
contamination

• To estimate the risks to public health and the environment posed by
site contamination

2.1.2.1 Site Mapping.

To generate a base map of the site, an aerial topographic survey of the site and
surrounding area will be conducted and field checked by a ground survey crew. The
site topographic map covering 4 acres of the site and immediate surrounding area will
consist of contour lines on 1-foot intervals and use a scale of 1 inch = 50 feet.
Significant features of the site will be identified on the map, including lumber
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buddings, asphalt and gravel areas, fencing, railroads to the south and east of the site,
soil sampling locations, and monitoring well locations.

2.L2J SoU Sampling.

To determine the extent of sofl contamination, soil samples wfll be collected from the
locations described below.

Ten shallow soil borings (SB2-1 to SB2-10) will be advanced to depths of about
2.5 feet across the she (Figure A-2) to determine the extent of contamination from
the suspected disposal of spent and neutralized sulfuric acid pickle liquor. The
borings wfll be advanced and sofl samples collected using a hand auger. It is assumed
that two sofl samples wfll be collected from each boring for full TCL and TAL
analyses. The actual analysis of sofl samples will depend on the results of Phase 1.
Selected sofl samples wfll be analyzed for the following physical sofl parameters that
are important to evaluation of contaminant transport and sofl remediation
alternatives:

• Grain size
• Atterberg limits
• Porosity
• Percent moisture
• Density

TOC
• Cation exchange capacity

In addition, TCLP organic and inorganic analysis of up to nine samples wfll be
performed if Phase 1 sample results indicate that contaminants ajg present in
concentrations that may leach to groundwater.

Six additional shallow sofl samples (SS2-1 to SS2-6) wfll be collected along the eastern
and southern drainage swales (Figure A-2) at assumed depths of 6-inches to identify
the extent of sofl contaminated from surface runoff.

Three locations in  garden (depth of 8 inches) wfll be sampled and
composited for organic TCL (excluding VOCs) and inorganic TAL analyses. One of
the three locations wfll be selected for analysis for VOCs based on HNu screening or
visual appearance.
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2.1.23 Hydrogeotogk Investigation.

The object of the Phase 2 hydrogeologic investigation is to confirm or refine the
conceptual model of the subsurface stratigraphic relationships, to delineate the
horizontal and vertical extent of groundwater contamination, and to estimate risks to
public health and the environment This object will be met through the drilling of
additional sofl borings, groundwater grab sampling in each boring, quick turnaround
method (QTM) analysis (1 to 2 days), and monitoring well installation and sampling.
Based on Phase 1 analytical results, the contaminants analyzed under QTM may be
reduced. The location of initial Phase 2 borings and monitoring wells wfll not be
identified until Phase 1 results are known. Subsequent Phase 2 sampling locations
wfll depend on the evaluation of stratigraphic information and results of quick
turnaround analysis of groundwater grab samples from the initial borings. The
number of borings and monitoring wells needed was estimated based on experience at
other similar sites and on professional judgment The scope of the Phase 2
investigation also assumes that hazardous substances, in addition to the spent sulfuric
acid, have been disposed of onsite. The major elements of the Phase 2 hydrogeologic
investigation are:

• Four deep sofl borings (assumed depth of 150 feet) wfll be sampled and
logged for sofl classification on 5-foot intervals or changes in sofl
lithology. Two borings will be located upgradient of the she. Deep
(150 feet), intermediate (75 feet), and shallow (35 feet) monitoring wells
wfll be installed at each location.

• Six shallow sofl borings (assumed depth of 35 feet) wfll be sampled and
logged as described above. Water table monitoring weQs wfll be
installed in each boring.

• Groundwater grab samples wfll be collected for quick turnaround
analyses from below the lead auger at each monitoring well location.

• Four shallow and one intermediate FIT-installed monitoring wells wfll
be sampled at the Westinghouse Air Brake Company she, and samples
wUl be analyzed for the full TAL and TCL.

• The 18 Phase 2 and 5 Phase 1 monitoring weUs wfll be sampled, and
samples wfll be analyzed at the CLP for the full TAL, TCL, and
transport and treatment parameters listed below:
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TOC
COD
TSS
IDS

— Chloride
— Alkalinity
— Hardness

• Monitoring well groundwater elevations will be measured monthly for
4 months.

The Phase 2 sample network is summarized in Table A-l.

3.0 Sample Custody Procedures

3.1 Sample Identification System

The sample identification system to be employed during the Carter-Lee Lumber RI is
described in the Data Records section of the Data Management Plan, Appendix B.

3.2 Initiation of Field Custody Procedures

It is U.S. EPA and Region 5 Policy to follow the U.S. EPA Region 5 sample custody,
or chain of custody protocols as described in NEIC Policies and Procedures,
EPA-330/9-78-DDI-R, Revised June 1985. These custody procedures are described in
Section 5.0.

3 J Field Activity Documentation/Logbook

Field logbooks will be used as the means of recording data collecting activities.
Logbook entries will be in as much detail as possible so that persons going to the site
could re-construct a particular situation without reliance on memory.

Entries into the logbooks will contain a variety of information. The date, start time,
weather, names of all sampling team members present, level of personal protection
being used, and the signature of the person making the entry will be logged at the
beginning of each account. Examples of other information to be included in the
logbook include:



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix A: Held Sampling Plan
Page: 11 of 24

• Measurements made and samples collected

• Detailed description of the location of the station including compass
and distance measurements

• All equipment used to make measurements wfll be identified, along with
the date of calibration

• The number of the photographs taken of a station, if any, wfll also be
noted

AD entries wfll be made in ink and no erasures will be made. If an incorrect entry is
made, the information wfll be crossed out with a single strike mark.

3.4 Sample Shipment and Transfer of custody

Sample documentation and shipping procedures are explained in fun detail in
Appendix G. Transfer of custody procedures are explained in Section 5.13.

40 Sample Container Preparation, Sample Preservation,
and Maximum Holding Time

Table A-2 contains information on sample bottle types, preservatives, and sample
holding times. Certified precleaned sample bottles wfll be procured and used for this
project

5.0 Sample Handling, Packaging, and Shipment

Sample handling and shipping procedures are explained in full detail in Appendix G.

6.0 Decontamination Procedures

This section provides the general guidelines for the decontamination of personnel,
sampling and monitoring equipment, and sample bottles.

The following equipment wfll be needed onsite:



TABLE A-2

SAMPLE TYPES. BOTTLES. AND PRESERVATIVES
CARTER-LEE LUMBER

Sample Type Analysis Bottles Preservation Holding Time (turnaround time may vary)

Water
RASOrganics

- Extractables, Pesticldes/PCBs

- Volatiles

RAS Inorganics

- Metals

Two 80-oz amber glass bottles
(Teflon lined-caps)

Two 40-ml septum cap vials

One 1-liter polyethylene bottle

Iced to 4 C

HQtopH<2
Iced to 4 C

HNO3topH<2.

5 days for extraction
40 days for analysis

10 days

6 months
(mercury: 28 days)

- Cyanide

QTM Organics

- Extractables

- Volatiles

SAS Methods

- COD. TOC
- Hardness

- Alkalinity
- Chloride

-TSS

One Miter polyethylene bottle

One 80-oz amber glass bottle

Two 40-ml septum cap vial

One 1 -liter polyethylene bottle

One 1 -liter polyethylene bottle

One 1 -liter polyethylene bottle

NaOHtopH>12
Iced to 4 C

teed to 4 C

Iced to 4 C

H2SO4topH<2.
Iced to 4 C

Iced to 4 C

Iced to 4 C

6 months

(Turnaround time: 48 hours)

(Turnaround time: 48 hours)

28 days
6 months

14 days
28 days

7 days

Note: Water samples for organic matrix spike/matrix spike duplicate analyses must be collected at double the specified volume for extractables
and triple the specified volume of volatiles. No extra volume is required for inorganic analyses.

1 of 2



TABLE A-2
SAMPLE TYPES. BOTTLES. AND PRESERVATIVES

CARTEaLEE LUMBER

Sample Type Analysis

SoN
RASOrganlos

• ExtrsctabkM, PetUoWes/PCBs

• Volatile*

RA8 Irwrgantoe

• Mauls

• Cyanide

SAS Malhods

One 6-01 wide mouth glass jar

Two 120-ml wlda mouth glass vials

On* 8-oz wlda mouth glass jar

On* 8-01 wld* mouth glass |ar

Preservation

toedto4C

load to 4 C

load to 4 C

Nona required

Holding Time (turnaround time may vary)

Extract within 10 days
Analyze within 40 days

Extract within 10 days
Analyze within 10 days

0 months
(mercury: 28 days)

14 days

-TOC

• Cation Exchange

•TCLP

• Qraln Slia
• Atterberg Umlts
• Porosity
• %Molsture
• Density

One 4-oz wide mouth glass jar

One 4-oz wide mouth glass Jar

One 32-oz amber wide mouth glaas jar

One 32-oz wide mouth glass |ar

None required

None required

None required

None required

28 days

-

Extract within 7 days
Analyze within 40 days

28 days

Note: No extra volume Is required tor soil matrix spike/matrix spike duplicate analyses.

2 of 2
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• Demonstrated analyte-free deionized (DI) water

• Distilled water

• 2.5 percent (W/W) trisodium phosphate (TSP) and water solution

• 10 percent (V/V) methanol or isopropanol and water solution (DO
NOT USE ACETONE.)

W • 10 percent (V/V) nitric acid (HNO3) and water solution (only ultrapure
grade HNO3 is to be used.)

• Large plastic pails or tubs for TSP and water; scrub brushes; squirt
bottles for TSP, methanol and water; plastic bags and sheets

• DOT approved 55-gallon drum for disposal of waste

Key items to be noted:

• Clean with solutions of TSP, methanol (or isopropanol) and distilled
water.

• Do not use acetone for decontamination.

• Drum all contaminated rinsate and materials.

• Decontaminate sample bottles before relinquishing them to anyone.

6.1 Personnel

The following procedures are to be performed after completion of tasks whenever the
potential for contamination exists, and upon leaving the contaminated area. Some of
the following procedures are for equipment not anticipated to be used at the
Carter-Lee Lumber site, but are included in case hazardous materials are
encountered and a increase in personnel protective equipment is required.

1. Wash boots in TSP solution, then rinse with water. If disposable latex
booties are worn over boots in the work area, rinse with TSP solution,
remove, and discard.
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2. Wash outer gloves in TSP solution, rinse, remove, and discard.

3. Remove disposable coveralls ("Tyveks") and discard.

4. Remove respirator (if worn).

5. Remove inner gloves and discard.

6. At the end of the work day, shower entire body, including hair, either at
the work she or at home.

7. Sanitize respirator (if worn).

Sample Bottles

Sample bottles or containers fiDed in the field must be decontaminated before being
packed for shipment or handled by personnel without dermal hand protection as
follows:

1. Wipe container with a paper towel dampened with TSP solution.

2. Wipe container with a paper towel dampened with potable water.

63 Sampling and Monitoring Equipment

63.1 Fidd Equipment Decontamination

1. Wash aD equipment surfaces that contacted potentially contaminated
soil or water with TSP solution.

2. Rinse with potable water.

3. Rinse with 10 percent HNO, solution when sampling for inorganic
chemicals. (The split spoons will be rinsed with a 1 percent solution).

4. Rinse with methanol solution (DO NOT USE ACETONE) and air dry.

5. Rinse with distilled water and air dry.

6. Collect all rinsate and dispose in a DOT approved 55-gallon drum.
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The split-barrel sampler will be decontaminated using the following procedure when
chemical sampling is being performed:

1. Scrape soils from split spoon.

2. Wash split spoon in a 2.5 percent (W/W) solution of nonphosphate
detergent (Liquinox or equivalent) in tap water.

3. Rinse with tap water.

4. Spray rinse with 10 percent isopropanol solution.

5. Spray rinse three times with distilled water.

6. Place on plastic and allow to air dry.

6.3.2 Monitoring Equipment Decontamination

1. Wipe all surfaces that had possible contact with contaminated materials
with a paper towel wet with TSP solution.

2. Wipe all surfaces that had possible contact with contaminated materials
with a paper towel wet with methanol solution.

3. Wipe three times with a towel wet distilled water.

4. Dispose of all used paper towels in a DOT approved 55-gallon drum.

7.0 Sampling Equipment and Procedures

7.1 Groundwater Sampling Procedures

7.1.1 Monitoring Well Installation

Five monitoring wells will be installed as part of the Phase 1 Site Investigation. The
well screens will intersect the water table. If a Phase 2 investigation is deemed
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necessary, it is estimated that 18 additional monitoring wells may be installed:
four wells to bedrock, ten wells intersecting the water table, and four wells screened
about halfway between the water table and the top of bedrock.

7.1.1.1 Drilling Equipment.

Phase 1 sofl borings wffl be advanced using 4.25-inch LD. hollow-stem augers. The
lead auger will be fitted with a center plug, or stinger bit if needed, to minimiw the
effects of coring or sand heave into the center of the auger while advancing the
boring. The center plug will be removed between successive drives of the split-spoon
sampler. An alternative drilling method may be used for intermediate and deep soil
borings during the Phase 2 investigation.

7.1.12 Well Construction Material

The monitoring wells wfll be constructed of 2-inch-diameter, threaded, flush joint,
schedule 40 PVC casing with O-ring joint seals. Each well wfll be fitted with a 10-foot
length of 0.010-inch factory slotted screen. The screen length may need to be
adjusted depending on field conditions.

The driller wfll introduce a filter pack into the annular space around the screened
interval to a height about 2 feet above the top of the screen. Two feet of fine sand
(Ottawa sand or equivalent) wfll be placed above the filter pack to inhibit migration
of annular seal material into the filter pack. The depth of the filter pack wfll be
accurately determined using a weighted tape or a rigid rod or small diameter rigid
tube. The remaining annular space wfll be filled with a bentonite slurry introduced by
the tremie method to within 5 feet of the ground surface. The wefl riser stickup
above the ground surface wfll be at least 2 feet A minimum 4-inch-diameter, locking
steel protective casing wfll be placed and surrounded by concrete to a depth of at
least 5 feet. The concrete wfll be mounded around the casing to promote surface
water runoff. Wells wfll be surrounded by three concrete-filled, 4-inch-diameter guard
posts. In traffic areas, monitoring wells will be flush mounted.

The drilling rig and all equipment, tools, and materials that have either entered the
borehole or come into contact with potentially contaminated sofls or water shall be
steam cleaned before leaving the site.
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7.1.13 Well Drilling and Development.

Boreholes for shallow monitoring wells will be advanced using 4.25-inch I.D. hollow-
stem augers. Augers of this diameter allow sufficient annular space to construct a
monitoring well. The monitoring well borings will be sampled and logged every 5 feet
or at changes in lithology to obtain stratigraphic information. Upon reaching the
target depth, the drill rods will be removed and the monitoring well installed. An
alternate drilling method may be used for intermediate and deep boreholes during the
Phase 2 investigation.

Following installation, the driller will develop the wells by pumping, bailing, or air lift
methods and surging until the discharge is substantially free of sediment to the
satisfaction of the hydrogeologist or until a constant rate of turbidity is achieved.

7.7.2 Sample Collection

Groundwater samples will be collected as part of the Carter-Lee Lumber RI.
Groundwater grab samples will be collected from several soil borings. In addition
monitoring wells installed during Phase 1 and 2 will be sampled.

7.1.2.1 Sampling Devices.

Either a stainless steel bailer or pump will be used to collect groundwater samples.

7.1.2.2 Water Level Measurements.

Groundwater level will be measured periodically throughout the RI to monitor
changes in gradients over time. The groundwater level will also be measured before
groundwater sampling. Water level measurements will be taken with an electric tape.
The following procedure will be used to measure static water levels:

1. Lower the probe or electrode into the well by unreeling cable from the
hand-held reel.

2. Continue lowering until the bulb lights, the beeper beeps, or the meter
needle deflects, indicating that the water table has been reached.

3. Read measurements directly to the nearest 0.01-foot. The length of
cable in the well from the top of casing or other reference point to the



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix A: Field Sampling Plan
Page: 17 of 24

probe (depth to the water table) will be subtracted from the measuring
point elevation to determine the groundwater level elevation.

4. Decontaminate water level indicator equipment between wells.

7.1 JJ Weil Purging.

Wells screened in low permeability formations (Le, wells that can be purged dry):

1. Pump (or bail) the well dry.

2. Measure temperature, specific conductance, and pH while purging.
These measurements will provide an indication of stable groundwater
conditions.

3. Wait 15 minutes, allowing the well to recover after purging. If well
recovers to 80 percent of its original level, then the sample team may
begin sampling.

4. Collect the sample as soon as there is a sufficient volume of water for
the intended analyses. It is not necessary to wait for the well to fully
recover.

Wcfls screened in high permeability formations:

1. Remove five well volumes (calculate this volume as shown below).

volumes x 7.48

Where:

V = Total volume of water needed to purge (gallons)

r = Inside radius of well (ft)
H = Height of water column in well (ft)

(depth to bottom of well minus depth to water)
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2. Purge wells by pumping or bailing from as near the water surface as
possible so that no stagnant water remains in the well above the well
screen after purging.

3. Introduce as little air and turbulence into the formation as possible to
prevent alteration of the samples.

7.1.2.4 Sample Field Filtration and Procedures.

1. Set up the filtering apparatus.

2. Place a 0.5-micron membrane filter on the apparatus (using tweezers).
If the sample contains a lot of sediment as indicated by a leaking
filtration apparatus or visual evidence, use a pre-filter to prevent
clogging.

3. Flush a minimum of 500 mL of reagent grade water through the
filtering apparatus before filtering the sample.

4. Pump the sample through the filter discarding the first 150 mL (if you
have enough extra volume).

5. Collect the remaining volume of sample needed into sample containers.

6. Remove the filter membrane (and the pre-filter, if used) after the
sample is collected and discard. Do not reuse filter paper for another
sample.

7. Flush the filtering apparatus and tubing with a minimum of 500 mL of
reagent grade water.

8. Reassemble the filtering apparatus.

7.1.2.5 Sampling Procedures.

Before Sampling.

1. Use a stainless steel bailer to collect the groundwater sample.
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2. Withdraw samples shortly after purging (as soon as a volume of water
sufficient for the intended analyses reenters the well).

3. Sample the least contaminated wells first, the more contaminated wells
last (i.e., sample in increasing order of contamination). If the degree of
contamination is unknown, sample the upgradient wells first, the
downgradient wells last.

4. Withdraw samples from within or just above the screened section of the
weU.

Sampling with a Baikr.

1. Rinse the bailer and monofflament line with reagent grade water.

2. Place a large clean plastic bag or cloth on the ground around the well
to prevent the bailer line from touching the ground.

3. Lower the bailer slowly and gently into the water in the weB. Do not
simply let the bailer fall free into the well while holding the end of the
rope. Do not allow the bailer to touch the bottom of the well.

4. Lower the bailer to approximately the same depth in the well each time,
preferably within or just above the screened interval

5. Retrieve the bailer smoothly (do not allow the bafler rope to touch the
ground). Empty the water in a slow steady stream in the following
order, making sure to fill VOC vials first:

a. Use a bottom discharging device to provide an unfihered portion
to fin sample containers for VOC analyses and screening (as
necessary). Collect samples for VOCs from a baOer full of water
as soon as it is brought to the surface.

See below for special procedures to be followed when sampling
for VOCs.

b. Slowly pour an unfiltered portion of the sample into a sample
container for the required in-field analyses. One person should
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perform the in-field analyses immediately while the other
continues collecting samples for other analyses.

c. Slowly pour a portion into the sample containers for all other
unfiltered analyses (as necessary). Preserve and cap quickly.

d. Slowly pour a portion of the sample into a transfer bottle for
analyses requiring field filtering. Fill to the top to minimize
aeration of the sample. Perform field filtering immediately.
Draw the sample through the filter into the collection bottles.
Preserve and cap immediately.

6. Decontaminate the bailer. Use new line for each well.

Sampling with a Pump.

1. Rinse the pump and associated apparatus with reagent grade water.

2. Position the pump inlet in the well such that water is removed from the
same portion of the well each time, preferably within or just above the
screened interval.

3. Set the discharge of the pump to slow rate.

4. Direct the sample into the containers in the same order as with a bailer:

a. Use a bottom discharging device to provide an unfiltered portion
to fill sample containers for VOC analyses and screening (as
necessary). Collect samples for VOCs from a bailer full of water
as soon as it is brought to the surface.

See below for special procedures to be followed when sampling
for VOCs.

b. Slowly pour an unfiltered portion of the sample into a sample
container for the required in-field analyses. One person should
perform the in-field analyses immediately while the other
continues collecting samples for other analyses.
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c. Slowly pour a portion into the sample containers for all other
unfUtered analyses (as necessary). Preserve and cap quickly.

d. Slowly pour a portion of the sample into a transfer bottle for
analyses requiring field filtering. Ffll to the top to minimize
aeration of the sample. Perform field filtering immediately.
Draw the sample through the filter into the collection bottles.
Preserve and cap immediately.

Note: The tubing that comes into contact with the water should be coated with
Teflon.

Groudwater Grab SampliBg.

Groundwater grab samples win be collected from the sofl borings designated in
Section 2.0. The grab samples will be collected by driving a 2-foot-tong, 2-inch-
diameter weDpoint or equivalent device about 3 feet into the formation ahead of the
lead auger. The wellpoint win be evacuated of three casing volumes of water using a
bafler or pump. The water level wfl] be allowed to stabilize and a groundwater grab
sample wfll be collected using a stainless steel bailer. The sample wffl be placed in
bonks on ice in a cooler. The depth interval, date, and time of collection will be
written on the label along with the boring number.

Special Procedures wbea Sampling for VOCs

1. Before sampling, evaluate the area around the sampling point for
possible sources of air contamination by VOCs. Products that may give
off VOCs and possibly contaminate a sample include perfumes and
cosmetics, skin applied Pharmaceuticals, suntan lotion, and automotive
products (gasoline, starting fluid, windshield deicers, carburetor cleaners,
etc.) Keep the caps off the sample vials for as short a time as possible.

2. Wear clean gloves (latex or surgical) when sampling for VOCs.

3. Use a bottom-emptying device when using a bailer to sample for VOCs.

4. Do not use a suction pump when sampling for VOCs. Do not filter
samples collected for VOC analysis.
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5. Keep the VOC sample bottles and the containers used for mailing the
bottles tightly sealed to prevent possible contamination.

6. Two 40-mL vials with teflon septum tops should be rilled.

7. Remove the cap ring from the first sample vial. Make sure that the
Teflon liner does not fall out. If the liner falls out, replace it in the cap
ring and flush the cap with reagent grade water.

8. Fill the sample vial immediately, allowing the water stream to strike the
inner wall of the vial to minimize formation of air bubbles. Do not
rinse the sample vial before filling. Fill the sample vial, with a
minimum of turbulence, until the water forms a positive meniscus at the
brim. Allow the vial to overflow slightly.

9. Replace the cap quickly by gently setting it on the water meniscus.
Tighten firmly, but do not overtighten. Invert the vial and tap it lightly.
If you see air bubbles in the sample, do not add more sample. Use
another vial to collect another sample. If bubbles form in the sample,
repeat the procedure until you obtain a proper sample.

10. Repeat this procedure for the second VOC sample.

7.2 Surface Soil Sampling Procedures

The method for surface soil sample collection is described below.

7.2.1 Sampling Devices

A hand auger or stainless steel trowel will be used to collect surface soil samples.
Where the ground is compacted and hard, a pick or shovel may be used to break up
the ground.

7.2.2 Sampling Procedures

A decontaminated stainless steel trowel will be used to scrape away surficial organic
material (grass, leaves, etc.). Samples will be collected with the hand auger or trowel.
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For VOC and semivolatDe sampling, sample jars win be filled directly with the trowel
and capped immediately upon filling. Samples for VOC analysis will be collected
first, followed by samples for semivolatiles and all other parameters.

Where composite samples wfll be taken, the samples will be placed into a
decontaminated steel pan and mixed using a decontaminated stainless steel utensil.
The sample wfll be placed into appropriate containers for analysis with a
decontaminated utensfl. Samples to be analyzed for VOCs wfll not be composited
because of the potential for VOC loss during sample homogemzation.

7-3 Subsurface Soil Sampling Procedures

73.1 Sampling Devices

Sofl borings wfll be sampled using 2-foot-long, 3-inch O.D. (2.5-inch LD.) split-barrel
samplers. The large diameter sampler will be used because it collects a larger volume
of sofl than the standard split-spoon sampler. This meets the volume quantity
required for samples submitted for chemical analysis.

7JJ Sampling Procedures.

The spirt-spoon sampler wfll be driven its entire length using a 140-pound hammer
freely falling a distance of 30 inches. Blow counts wfll be recorded on the boring log.
Blow counts during 3-inch split spoon sampling will not give true standard penetration
test blow counts because a 2-inch spoon would normally be used. After completing
the drive, the sampler wfll be removed from the borehole and opened by the driller's
assistant The supervising hydrogeologist wfll examine the sample and its description
wfll be logged.

The sample volume wfll be split between sampling containers and reserved for
analytical testing. Samples to be collected from each boring are described in
Section 2.0. Sample jars wfll be labeled as to boring number, depth of sampling
interval, and time and date of sample collection. Samples wfll be stored in iced
coolers pending selection and shipment

733 Borehole Abandonment

Each sofl boring that is not also a monitoring well borehole wfll be properly
abandoned either by filling the hole with bentonite pellets or granules or by grouting
from the bottom of the borehole to the ground surface using the tremie method.
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8.0 Field Measurements/Screening

Standard operating procedures (SOPs) for the field measurement and screening
techniques are provided in Appendix F.

9.0 Preventive Maintenance Procedures and Schedules

Field team members will refer to the field procedure SOP and/or the manufacturers'
instrument manuals for the appropriate preventive maintenance procedures for the
field equipment used at the site.

10.0 Sample Disposal

10.1 Soil

Cuttings or field screening samples shall be incorporated into the slurry backfill for
the boring of origin.

10.2 Groundwater

Groundwater purged from a well prior to sampling and water aliquots taken for field
sampling or screening will be contained onsite pending analytical results. If results
show the groundwater is non-hazardous, the water will be discharged to the
Indianapolis Wastewater Treatment Plant. If the water is hazardous, it will be
managed as such per Indiana's Administrative Code for hazardous waste
management.

GLT338/016.51
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Appendix A
Field Sampling Plan

1.0 Summary of Sampling Activity

A phased investigative approach will be used in the RI because only limited data are
available from a previous 6eld investigation and because the actual level of risk
associated with the site has not been clearly established. The object of the first phase
wul be to determine if potential exposure to contaminants at the site presents
potential risk to public health or the environment and whether that potential risk
exceeds the US. EPA point of departure for acceptability. If past disposal activities
at the she contribute to potential exposures and result in unacceptable risks caused by
sofl or groundwater contaminants, a second phase of field work wfll be performed.
The objects of Phase 2 wfll be to determine the extent of contamination identified in
Phase 1 and to quantify risks attributable to the she.

The Phase 1 investigation wfll consist of the following:

• Surface sofl sampling to evaluate background contaminant
concentrations and contaminant concentrations in the drainage ways

• Subsurface sofl sampling within the following areas of reported disposal:

- Area of suspected waste pickle liquor disposal

— Area of red sofl stockpile

— Trench where site debris and potentially hazardous substances
were disposed of

— Area where the stockpiled red sofl was spread and covered

- Area where eroded site sofl may accumulate and where railroad
car dumping most likely would have occurred

• Installation and sampling of shallow monitoring weDs

• Measurement of groundwater elevations
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Soil samples will be analyzed for full Target Compound List (TCL) organic
compounds and Target Analyte List (TAL) inorganic chemicals. A limited number of
samples will be analyzed for total organic carbon (TOC) and cation exchange capacity
(CEC). These samples will also be held for possible analysis of additional soil
physical characteristics to be performed if a Phase 2 investigation is deemed
necessary. Groundwater samples will be analyzed for the full TAL and TCL. Metals
samples will be field filtered.

Soil and groundwater analytical data from the Phase 1 investigation will be
qualitatively and statistically evaluated to determine whether a Phase 2 investigation is
necessary. During the evaluation, outliers in the Phase 1 data set will be eliminated.
Outliers will be identified through the use of a box plot, a non-parametric statistical
method. A box plot is a graphical tool that identifies the median (50th percentile),
the lower and upper quartiles (25th and 75th percentiles), and the range of the data.
The edges of the box demarcate the 25th and 75th percentiles, and so represent the
middle 50 percent range (interquartile range) of the parameter values for the data.
Outliers are defined as outside values which lie \Vi or more interquartile ranges away
from the nearest box edge. A 95 percent upper tolerance limit (UTL) of the mean
will be calculated using the background data which is assumed to be lognormally
distributed. The parametric method to calculate the UTL will require the log
transformation of the data. The tolerance limit defines a value that bounds a
specified fraction of the distribution of observations. Therefore, the 95 percent UTL
is a value below which you can expect 95 percent of the distribution of sample values
to lie. The onsite data will then be compared to the 95 percent UTL. If the
concentration of an onsite constituent falls below the 95 percent UTL, it will be
concluded that the constituent does not exceed its background concentration. The
following factors will be considered during the preliminary evaluation of the need for
a Phase 2 investigation:

• Background contaminant concentrations versus site contaminant
concentrations using the 95-percent UTL

• Soil ingestion criteria based on target numbers for 10"6 risk and a
Hazard Index of 1

• Leachability of soil contaminants and potential effect on groundwater

• Drinking water MCLs and water ingestion criteria (again based on
target numbers for 10"6 risk and a Hazard Index of 1)
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Findings of the Phase 1 investigation will be reviewed with the EPA. The EPA will
decide either to proceed with a Phase 2 field investigation or to prepare the RI
Report including a quantitative risk assessment, based solely on Phase 1 data.
Potential Phase 2 work may include:

• Site mapping
• Additional surface and subsurface soil sampling
• Installation of shallow, intermediate, and deep monitoring wells
• Groundwater sampling
• Measurement of groundwater elevations

2.0 Sample Network Design and Rationale

This section presents the sample network by task and matrix, site maps showing
sample locations, and the rationale for the selected sampling locations. A summary of
the sample network is provided in Table A-l.

2.1 Sample Network by Task and Matrix, Site Maps, and Rationales
of Selected Sampling Locations

2.7.7 Phase 1 Field Investigation

The specific objectives of the Phase 1 field investigation are:

• To establish background concentrations of contaminants in the soil and
the groundwater

• To determine whether hazardous substances are present in soil and
groundwater at concentrations above background or at concentrations
that could pose unacceptable risks to public health or the environment

ri.1.1 lUckfrond Sofl Sunplug

To establish background concentrations of contaminants in the sofl, nine sofl samples
(CLBK01 to CLBK07) will be collected from the site perimeter locations shown in
Figure A-l. Samples wfll be collected from the upper 6 inches at CLBK02 to
CLBK07 using a hand auger. At CLBK01, three sofl samples wfll be collected—one
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each at depths of 0.5, 10, and 20 feet. This location is adjacent to Reichwein Avenue
and is relatively uninfluenced by urban industrial settings. The boring will be logged
continuously and sampled using a 2-foot-long, 3-inch O.D. split-spoon sampler. The
background soil samples wfll be screened in the field for VOCs using an HNu or an
organic vapor analyzer (OVA). Samples with elevated organic vapors wfll not be
used for background characterization because the location may be contaminated from
an isolated source not related to ubiquitous urban contamination. The samples wfll
be analyzed for full TCL organic compounds and TAL inorganic chemicals. The
results wfll be compared to onsite sofl concentrations. Ten additional background
samples to be selected in the field wfll also be collected. The samples wfll be
submitted to the CLP for analysis of PAHs and metals and compared to onsite sofl
concentrations.

To determine whether hazardous substances are present in the sofl at concentrations
above background levels, sofl sampling wfll be performed in the following onsite
areas:

• Area of suspected waste pickle liquor disposal

• Area of red sofl stockpile

• Trench where site debris and potentially hazardous substances were
disposed of

• Area where the stockpiled red sofl was spread and covered

• Area where eroded she sofl may accumulate and where railroad car
dumping most likely would have occurred

Proposed sofl boring locations are shown in Figure A-l. Sofl samples wfll be screened
for VOCs in the field using an HNu or OVA.

Four sofl borings (CLSB01 to CLSB04) wfll be drilled to the water table to evaluate
the vertical extent of sofl contamination in the areas of concern. Based on regional
hydrogeologic data, the water table is estimated to be about 25 feet below the ground
surface. The borings wfll be driDed and continuously logged and sampled using
hollow-stem auger drilling techniques and a standard 2-foot-long, 3-inch OJD. split-
spoon sampler. At each of the four borings, three sofl samples wfll be selected for
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full Target Compound List (TCL) analyses and Target Analyte List (TAL) analyses
from the following depths: (1) one from the upper 2 feet, (2) one discretionary
sample from 2 to 10 feet based on visual appearance and HNu/OVA screening, and
(3) one from the water table interface. Up to six soil samples will be collected and
analyzed for total organic carbon (TOC) and cation exchange capacity (CEC). The
samples will also be held for possible analysis of the following additional soil physical
characteristic parameters if a Phase 2 investigation is deemed necessary:

• Grain size
• Atterberg limits
• Porosity
• Percent moisture
• Density

The above physical soil parameters are important for the evaluation of contaminant
transport and soil remediation alternatives.

Seven shallow borings (CLSB05 to CLSB11) will be drilled to evaluate the distribution
of contamination across the site. Because the suspected contaminants are primarily
metals and PAHs that were surface applied, these borings will be drilled to a depth of
4 feet. The borings will be sampled and logged on 2-foot intervals as described
above. One or two soil samples per boring will be selected for full chemical analysis
based on visual appearance and HNu/OVA screening. A total of 11 soil samples will
be collected from the 7 shallow soil borings. Samples will represent the 2-foot
interval unless the visual appearance or HNu/OVA screening indicates a potential for
concentrated contamination at a narrower interval. In that case, the sample will be
collected over the interval of suspected elevated concentrations.

The potential for overland migration of site contaminants in surface runoff will be
investigated at two locations in the drainage swale running parallel to the eastern site
boundary and at one location in the drainage swale running parallel to the southern
site boundary (CLSS01 to CLSS02). See Figure A-l for sample locations. Two soil
samples will be collected at each location from the following intervals: the 0- to 6-inch
interval and the 6- to 12-inch interval. The samples will be analyzed at the CLP for
the full TAL and TCL. An additional boring (CLSB12) will be drilled at the low
elevation confluence of the eastern and southern drainages. The boring will be
sampled at depths of 0.5, 10, and 20 feet and analyzed for the full TAL and TCL.

One soil sample from the vegetable garden on the  property
(approximately 110 feet west of the site) will be collected at a depth of about 8 inches
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and analyzed for full TAL and TLC parameters. The results will be compared with
levels found on the she,

2.1.1.2 Hydrogeologk Investigation.

GnmmbnOtr Grab Sampling.

To provide data on potential groundwater contamination, one grab sample wfll be
collected from each of the following soil boring locations CLSB01, CLSB02, CLSB03,
and CLSB04. The grab samples wfll be collected from within the hollow-stem auger
at a depth of several feet below the water table. The groundwater samples wfll be
analyzed at the CLP for the full TAL and TCL. Metal samples wfll be field filtered
with 0.45 tan filter paper to remove suspended solids. Filtered metals wfll be
analyzed because the high amounts of suspended particles of native sofl may bias the
results.

MomXormf WtU hntaHatiom/Gnmiidwater Sampling.

To define potentiometric relationships in the vicinity of the site and to determine
whether groundwater is contaminated, five shallow monitoring wefls wfll be installed
at the locations shown in Figure A-l. The rationale for each location is as follows:

• CMW1 and CMW2 are assumed to be upgradient of the site and win be
used for background analysis of groundwater.

• CMW3 and CMW4 are assumed to be downgradient of areas where the
red sofl was originally disposed of.

• CMW5 is assumed to be downgradient of the stockpile area and trench
and within the surface runoff seepage area.

CMW1, CMW2, and CMWS wfll be installed and surveyed, and water elevations will
be measured before installation of the remaining two monitoring weDs to allow
optimal placement of the wells downgradient of possible sources.

The boreholes for the monitoring wells wfll be advanced using hoDow-stem augers. If
alternative drilling methods are required, only methods using clear water, air, or cable
tool wfll be considered. Monitoring wells wfll be constructed of 2-inch-diameter PVC
with factory slotted 10- to 15-foot screens. The wells wfll be installed so that the
screened interval wfll intersect the water table. Each weD wfll have a minimum 2-foot
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stickup with a 4- or 6-inch-diameter protective steel casing with locking cap. A
concrete apron will be installed to promote runoff. Wells will be surrounded by three
concrete filled, 4-inch-diameter guard posts. In traffic areas, monitoring wells will be
flush mounted.

Following installation, each monitoring well will be developed until substantially free
of sediment and until pH and conductivity are stable to the satisfaction of the
CH2M HILL hydrogeologist. Wells will be developed using either the double tube
air lift or surge-and-bail methods. It is assumed that well development water and
purge water will be discharged to the Indianapolis Wastewater Treatment Plant sewer
system.

All new monitoring wells will be surveyed by a local, subcontracted surveyor to
establish the horizontal location and elevation of the measuring points. Elevation
measurements will be taken on the riser pipe with the measuring point designated by
a chisel mark. All elevations will be referenced to a bench mark established at the
site. Vertical elevations of measuring points will be made to the nearest 0.01 foot.
All wells will be located horizontally to within ± 5 feet. Water levels will be collected
once during Phase 1.

Groundwater samples will be collected from each of the newly installed monitoring
wells about 24 hours following installation. Prior to groundwater sampling,
groundwater levels will be measured and the wells will be purged to remove stagnant
water and stratified contaminants. Metal samples will be field filtered. Monitoring
well sampling procedures are described in detail in Section 7.0. Groundwater samples
will be analyzed for the full TAL and TCL.

A summary table of the sample network is provided in Table A-l.

2.1.2 Phase 2 Field Investigation

Whether a Phase 2 investigation is necessary will be determined based on the
evaluation of the data from the fast turnaround analyses of Phase 1 samples. The
specific objectives of the Phase 2 field investigation are:

• To generate a topographic survey and base map of the Carter-Lee
Lumber site

• To determine the extent of soil contamination
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• To confirm or refine the conceptual model of the subsurface
stratigraphic relationships

• To delineate the horizontal and vertical extent of groundwater
contamination

• To estimate the risks to public health and the environment posed by
site contamination

2.1.2.1 Site Mapping.

To generate a base map of the site, an aerial topographic survey of the site and
surrounding area will be conducted and field checked by a ground survey crew. The
site topographic map covering 4 acres of the site and immediate surrounding area will
consist of contour lines on 1-foot intervals and use a scale of 1 inch = 50 feet.
Significant features of the site will be identified on the map, including lumber
buildings, asphalt and gravel areas, fencing, railroads to the south and east of the site,
soil sampling locations, and monitoring well locations.

2.1.2.2 Soil Sampling.

To determine the extent of soil contamination, soil samples will be collected from the
locations described below.

Ten shallow soil borings (CLSB201 to CLSB210) will be advanced to depths of about
2.5 feet across the site (Figure A-2) to determine the extent of contamination from
the suspected disposal of spent and neutralized sulfuric acid pickle liquor. The
borings will be advanced and soil samples collected using a hand auger. It is assumed
that two soil samples will be collected from each boring for full TCL and TAL
analyses. The actual analysis of soil samples will depend on the results of Phase 1.
Selected soil samples will be analyzed for the following physical soil parameters that
are important to evaluation of contaminant transport and soil remediation
alternatives:.

• Grain size
• Atterberg limits
• Porosity
• Percent moisture
• Density

TOC



UU MVtt ( QAPP t } W «•

Cl.HKO'S BuWnfl

D
CL3D05

O

CLSB203

CLSB201
CLDKO-I.

CLSB202

/" Ai'i.l V:hi.ri' "li'U '.I'll" VVJ«. ft. L,|;!ii.-,iJ I I
(X>-vl«' 'J «'i!M '•' 'i |XOll ;10'J 6" fl'r/

*

f-*4f'iw •.
<(OAf!fVtl.lMf

» ' " • • ' : ' ' . '!''

I

- • :v''\

' '* '
r ?

f f f f s * /'f

LSB2I

"(C?
1964

*S£h

i
c

• •-

1. ' . " • • ' .
-; \&<;-

.''

a
iSB(.

n

Na 4
IM4

c

J ;

• '^' •

>- ^iv"^

/
i CLSB206

' •1

I """^ CLSB08

**?' \ C
* 1 \ rt cn?/i71 \ wLODAl/r

1 n %

1 CLS007 \ CLSOOt
1 •
1 1 !<'.'!.' jl '

CLSV01 lvj'..i'w'i ii!;
• 1

/
» '

/ /?/ «a
f°*l CCt/|Q i.J ' 1

ass». \ . ctsa'° ,-/C'S8"cts?M
Potonii.il 0

Mlit liOli

fCL83203

CLSB209\

CLSS204

LEGEND

F«nc«lin«
FWIroad
Lumber warehouu buildingi
Surfac* drainage How direction
Asphalt

Conrall RR

CLSB01 • Phase 1 soil boring to water table
CLBK02 O Phase 1 background/oNsile soil sample
CMW-2& Phase 1 monitoring wel

CLSS2019 Pha^ ? soil sample locations
A Phdt •a« horfaio loolions

i. );<<ii

NOTES:
The railroad tracks are elevated approximately 6 8
toet above the ground surface.

AN locations are approximate

* Background Monitoring Well

FIGURE A-2
100 Phase 2 Field In vestigation
j Soil Sample Locations



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix A: Field Sampling Plan
Page: 9 of 24

Cation exchange capacity

In addition, TCLP organic and inorganic analysis of up to nine samples will be
performed if Phase 1 sample results indicate that contaminants are present in
concentrations that may leach to groundwater.

Six additional shallow soil samples (CLSS201 to CLSS206) will be collected along the
eastern and southern drainage swales (Figure A-2) at assumed depths of 6-inches to
identify the extent of soil contaminated from surface runoff.

2.1.23 Hydrogeologic Investigation.

The object of the Phase 2 hydrogeologic investigation is to confirm or refine the
conceptual model of the subsurface stratigraphic relationships, to delineate the
horizontal and vertical extent of groundwater contamination, and to estimate risks to
public health and the environment. This object will be met through the drilling of
additional soil borings, groundwater grab sampling in each boring, quick turnaround
method (QTM) analysis (1 to 2 days), and monitoring well installation and sampling.
Based on Phase 1 analytical results, the contaminants analyzed under QTM may be
reduced. The location of initial Phase 2 borings and monitoring wells will not be
identified until Phase 1 results are known. Subsequent Phase 2 sampling locations
will depend on the evaluation of stratigraphic information and results of quick
turnaround analysis of groundwater grab samples from the initial borings. The
number of borings and monitoring wells needed was estimated based on experience at
other similar sites and on professional judgment. The scope of the Phase 2
investigation also assumes that hazardous substances, in addition to the spent sulfuric
acid, have been disposed of onsite. The major elements of the Phase 2 hydrogeologic
investigation are:

• Four deep soil borings (assumed depth of 150 feet) will be sampled and
logged for soil classification on 5-foot intervals or changes in soil
lithology. Two borings will be located upgradient of the site. Deep
(150 feet), intermediate (75 feet), and shallow (35 feet) monitoring wells
will be installed at each location.

• Six shallow soil borings (assumed depth of 35 feet) will be sampled and
logged as described above. Water table monitoring wells will be
installed in each boring.
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• Groundwater grab samples will be collected for quick turnaround
analyses from below the lead auger at each monitoring well location.

• Four shallow and one intermediate FIT-installed monitoring wells will
be sampled at the Westinghouse Air Brake Company site, and samples
wOl be analyzed for the full TAL and TCL,

• The 18 Phase 2 and 5 Phase 1 monitoring weDs wffl be sampled, and
samples wffl be analyzed at the CLP for the fuD TAL, TCL, and
transport and treatment parameters listed below:

TOC
COD
TSS
TDS
Chloride

— Alkalinity
— Hardness

• Monitoring weD groundwater elevations wfll be measured monthly for
4 months.

The Phase 2 sample network is summarized in Table A-l.

3.0 Sample Custody Procedures

3.1 Sample Identification System

The sample identification system to be employed during the Carter-Lee Lumber RI is
described in the Data Records section of the Data Management Plan, Appendix B.

3.2 Initiation of Field Custody Procedures

It is US. EPA and Region 5 Policy to follow the US. EPA Region 5 sample custody,
or chain of custody protocols as described in NEIC Policies and Procedures,
EPA-330/9-78-DDI-R, Revised June 1985. These custody procedures are described in
Section 5.0.
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33 Field Activity Documentation/Logbook

Field logbooks will be used as the means of recording data collecting activities.
Logbook entries will be in as much detail as possible so that persons going to the site
could re-construct a particular situation without reliance on memory.

Entries into the logbooks will contain a variety of information. The date, start time,
weather, names of all sampling team members present, level of personal protection
being used, and the signature of the person making the entry will be logged at the
beginning of each account. Examples of other information to be included in the
logbook include:

• Measurements made and samples collected

• Detailed description of the location of the station including compass
and distance measurements

• All equipment used to make measurements will be identified, along with
the date of calibration

• The number of the photographs taken of a station, if any, will also be
noted

All entries will be made in ink and no erasures will be made. If an incorrect entry is
made, the information will be crossed out with a single strike mark.

3.4 Sample Shipment and Transfer of custody

Sample documentation and shipping procedures are explained in full detail in
Appendix G. Transfer of custody procedures are explained in Section 5.1.3.

4.0 Sample Container Preparation, Sample Preservation,
and Maximum Holding Time

Table A-2 contains information on sample bottle types, preservatives, and sample
holding times. Certified precleaned sample bottles will be procured and used for this
project.
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TABLE A-2
SAMPLE TYPES. BOTTLES. AND PRESERVATIVES

CARTER-LEE LUMBER

Sample Type Analysis Bottles Preservation Holding Time (turnaround time may vary)

RAS Organic*

- Extractables. Pesticides/PCBs One 8-oz wide mouth glass jar

- Volatilas

RAS Inorganic*

- Metals

- Cyanide

Two 120-ml wide mouth glass vials

One 8-oz wide mouth glass jar

One 8-02 wide mouth glass jar

Iced to 4 C

Iced to 4 C

Iced to 4 C

Nona required

Extract within 10 days
Analyze within 40 days

Extract within 10 days
Analyze within 10 days

6 months
(mercury: 28 days)

14 days

SAS Methods

- TOC

- Cation Exchange

- TCLP

Grain Size
Attarberg Limits
Porosity
%Moisture
Density

One 4-oz wide mouth glass jar

One 4-oz wide mouth glass jar

One 32-oz amber wide mouth glass jar

One 32-oz wide mouth glass jar

Nona required

None required

Nona required

None required

28 days

Extract within 7 days
Analyze within 4O days

28 days

Note: No extra volume is required for soil matrix spike/matrix spike duplicate analyses.
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5.0 Sample Handling, Packaging, and Shipment

Sample handling and shipping procedures are explained in full detail in Appendix G.

6.0 Decontamination Procedures

This section provides the general guidelines for the decontamination of personnel,
sampling and monitoring equipment, and sample bottles.

The following equipment will be needed onsite:

• Demonstrated analyte-free deionized (DI) water

• Distilled water

• 2.5 percent (W/W) trisodium phosphate (TSP) and water solution

• 10 percent (V/V) methanol or isopropanol and water solution (DO
NOT USE ACETONE.)

• 10 percent (V/V) nitric acid (HNO3) and water solution (only ultrapure
grade HNO3 is to be used.)

• Large plastic pails or tubs for TSP and water; scrub brushes; squirt
bottles for TSP, methanol and water; plastic bags and sheets

• DOT approved 55-gallon drum for disposal of waste

Key items to be noted:

• Clean with solutions of TSP, methanol (or isopropanol) and distilled
water.

• Do not use acetone for decontamination.

• Drum all contaminated rinsate and materials.

• Decontaminate sample bottles before relinquishing them to anyone.
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6.1 Personnel

The following procedures are to be performed after completion of tasks whenever the
potential for contamination exists, and upon leaving the contaminated area. Some of
the following procedures are for equipment not anticipated to be used at the
Carter-Lee Lumber site, but are included in case hazardous materials are
encountered and a increase in personnel protective equipment is required.

1. Wash boots in TSP solution, then rinse with water. If disposable latex
booties are worn over boots in the work area, rinse with TSP solution,
remove, and discard.

2. Wash outer gloves in TSP solution, rinse, remove, and discard.

3. Remove disposable coveralls ("Tyveks") and discard.

4. Remove respirator (if worn).

5. Remove inner gloves and discard.

6. At the end of the work day, shower entire body, including hair, either at
the work site or at home.

7. Sanitize respirator (if worn).

<L2 Sample Bottles

Sample bottles or containers filled in the field must be decontaminated before being
packed for shipment or handled by personnel without dermal hand protection as
follows:

1. Wipe container with a paper towel dampened with TSP solution.

2. Wipe container with a paper towel dampened with potable water.
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6.3 Sampling and Monitoring Equipment

6.3.1 Field Equipment Decontamination

1. Wash all equipment surfaces that contacted potentially contaminated
soil or water with TSP solution.

2. Rinse with potable water.

3. Rinse with 10 percent HNO3 solution when sampling for inorganic
chemicals. (The split spoons will be rinsed with a 1 percent solution).

4. Rinse with methanol solution (DO NOT USE ACETONE) and air dry.

5. Rinse with distilled water and air dry.

6. Collect all rinsate and dispose in a DOT approved 55-gallon drum.

The split-barrel sampler will be decontaminated using the following procedure when
chemical sampling is being performed:

1. Scrape soils from split spoon.

2. Wash split spoon in a 2.5 percent (W/W) solution of nonphosphate
detergent (Liquinox or equivalent) in tap water.

3. Rinse with tap water.

4. Spray rinse with 10 percent isopropanol solution.

5. Spray rinse three times with distilled water.

6. Place on plastic and allow to air dry.

6.3.2 Monitoring Equipment Decontamination

1. Wipe all surfaces that had possible contact with contaminated materials
with a paper towel wet with TSP solution.
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2. Wipe all surfaces that had possible contact with contaminated materials
with a paper towel wet with methanol solution.

3. Wipe three times with a towel wet distilled water.

4. Dispose of all used paper towels in a DOT approved 55-gallon drum.

7.0 Sampling Equipment and Procedures
V*.

7.1 Gronndwater Sampling Procedures

7.7.7 Monitoring WeU Installation

Five monitoring weDs wfll be installed as part of the Phase 1 She Investigation. The
well screens wfll intersect the water table. If a Phase 2 investigation is deemed
necessary, it is estimated that 18 additional monitoring weDs may be installed:
four wells to bedrock, ten weDs intersecting the water table, and four wells screened
about halfway between the water table and the top of bedrock.

7.1.1.1 DrilliBf Eqvipmeat

Phase 1 soil borings wfll be advanced using 4.25-inch I.D. hollow-stem augers. The
lead auger wfl] be fitted with a center plug, or stinger bit if needed, to minimize the w
effects of coring or sand heave into the center of the auger whfle advancing the
boring. The center phig wfll be removed between successive drives of the split-spoon
sampler. An alternative drilling method may be used for intermediate and deep sofl
borings during the Phase 2 investigation.

7.1.12 Wen CoMtnKtkM Material

The monitoring wefls wfll be constructed of 2-inch-diameter, threaded, flush joint,
schedule 40 PVC casing with O-ring joint seals. Each well wfll be fitted with a 10-foot
length of 0.010-inch factory slotted screen. The screen length may need to be
adjusted depending on field conditions.

The driDer wfll introduce a fflter pack into the annular space around the screened
interval to a height about 2 feet above the top of the screen. Two feet of fine sand
(Ottawa sand or equivalent) wfll be placed above the finer pack to inhibit migration
of annular seal material into the filter pack. The depth of the fflter pack wfl] be
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accurately determined using a weighted tape or a rigid rod or small diameter rigid
tube. The remaining annular space will be filled with a bentonite slurry introduced by
the tremie method to within 5 feet of the ground surface. The well riser stickup
above the ground surface will be at least 2 feet. A minimum 4-inch-diameter, locking
steel protective casing will be placed and surrounded by concrete to a depth of at
least 5 feet. The concrete will be mounded around the casing to promote surface
water runoff. Wells will be surrounded by three concrete-filled, 4-inch-diameter guard
posts. In traffic areas, monitoring wells will be flush mounted.

The drilling rig and all equipment, tools, and materials that have either entered the
borehole or come into contact with potentially contaminated soils or water shall be
steam cleaned before leaving the site.

7.1.13 Well Drilling and Development.

Boreholes for shallow monitoring wells will be advanced using 4.25-inch I.D. hollow-
stem augers. Augers of this diameter allow sufficient annular space to construct a
monitoring well. The monitoring well borings will be sampled and logged every 5 feet
or at changes in lithology to obtain stratigraphic information. Upon reaching the
target depth, the drill rods will be removed and the monitoring well installed. An
alternate drilling method may be used for intermediate and deep boreholes during the
Phase 2 investigation.

Following installation, the driller will develop the wells by pumping, bailing, or air lift
methods and surging until the discharge is substantially free of sediment to the
satisfaction of the hydrogeologist or until a constant rate of turbidity is achieved.

7.7.2 Sample Collection

Groundwater samples will be collected as part of the Carter-Lee Lumber RL
Groundwater grab samples will be collected from several soil borings. In addition
monitoring wells installed during Phase 1 and 2 will be sampled.

7.1.2.1 Sampling Devices.

Either a stainless steel bailer or pump will be used to collect groundwater samples.

7.1.2.2 Water Level Measurements.
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Groundwater level wfll be measured periodically throughout the RI to monitor
changes in gradients over time. The groundwater level wfll also be measured before
groundwater sampling. Water level measurements wfll be taken with an electric tape.
The following procedure wfll be used to measure static water levels:

1. Lower the probe or electrode into the well by unreeling cable from the
hand-held reel

2. Continue towering until the bulb lights, the beeper beeps, or the meter
needle deflects, indicating that the water table has been reached.

3. Read measurements directly to the nearest 0.01-fooL The length of
cable in the weD from the top of casing or other reference point to the
probe (depth to the water table) wfll be subtracted from the measuring
point elevation to determine the groundwater level elevation.

4. Decontaminate water level indicator equipment between wells.

7.1 JJ Wttt

WcOs serened ia low permeability formations (Le^ weOs that can be purged dry):

1. Pump (or bafl) the weD dry.

2. Measure temperature, specific conductance, and pH while purging.
These measurements wfll provide an indication of stable groundwater
conditions.

3. Wait 15 minutes, allowing the well to recover after purging. If weD
recovers to 80 percent of its original level, then the sample team may
begin sampling.

4. Collect the sample as soon as there is a sufficient volume of water for
the intended analyses. It is not necessary to wait for the weD to fuDy
recover.

WeOs jumcd ia Ufa permeability formations:

1. Remove five weD volumes (calculate this volume as shown below).
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V = (n x r2) H x 5 well volumes x 7.48

Where:

V = Total volume of water needed to purge (gallons)

r = Inside radius of well (ft)
H = Height of water column in well (ft)

(depth to bottom of well minus depth to water)

2. Purge wells by pumping or bailing from as near the water surface as
possible so that no stagnant water remains in the well above the well
screen after purging.

3. Introduce as little air and turbulence into the formation as possible to
prevent alteration of the samples.

7.1.2.4 Sample Field Filtration and Procedures.

1. Set up the filtering apparatus.

2. Place a 0.45-micron membrane filter on the apparatus (using tweezers).
If the sample contains a lot of sediment as indicated by a leaking
filtration apparatus or visual evidence, use a pre-filter to prevent
clogging.

3. Flush a minimum of 500 mL of reagent grade water through the
filtering apparatus before filtering the sample.

4. Pump the sample through the filter discarding the first 150 mL (if you
have enough extra volume).

5. Collect the remaining volume of sample needed into sample containers.

6. Remove the filter membrane (and the pre-filter, if used) after the
sample is collected and discard. Do not reuse filter paper for another
sample.
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7. Flush the filtering apparatus and tubing with a minimum of 500 mL of
reagent grade water.

8. Reassemble the filtering apparatus.

7JJJ Sampling Procedures.

Before Sampling.

1. Use a stainless steel bailer to collect the groundwater sample.

2. Withdraw samples shortly after purging (as soon as a volume of water
sufficient for the intended analyses reenters the well).

3. Sample the least contaminated wells first, the more contaminated wells
last (Le^ sample in increasing order of contamination). If the degree of
contamination is unknown, sample the upgradknt wefls first, the
downgradient wells last

4. Withdraw samples from within or just above the screened section of the
well

Sunpfrf wftfc • Baikr.

1. Rinse the bafler and monofflament line with reagent grade water.

1 Place a large clean plastic bag or cloth on the ground around the well
to prevent the bafler line from touching the ground.

3. Lower the bailer slowly and gently into the water in the wefl. Do not
simply let the baiter fall free into the wen white holding the end of the
rope. Do not allow the baiter to touch the bottom of the weH

4. Lower the baiter to approximately the same depth in the weU each time,
preferably within or just above the screened interval

5. Retrieve the bailer smoothly (do not aOow the baiter rope to touch the
ground). Empty the water in a slow steady stream in the following
order, making sure to nil VOC vials first:
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a. Use a bottom discharging device to provide an unfiltered portion
to fill sample containers for VOC analyses and screening (as
necessary). Collect samples for VOCs from a bailer full of water
as soon as it is brought to the surface.

See below for special procedures to be followed when sampling
for VOCs.

b. Slowly pour an unfiltered portion of the sample into a sample
container for the required in-field analyses. One person should
perform the in-field analyses immediately while the other
continues collecting samples for other analyses.

c. Slowly pour a portion into the sample containers for all other
unfiltered analyses (as necessary). Preserve and cap quickly.

d. Slowly pour a portion of the sample into a transfer bottle for
analyses requiring field filtering. Fill to the top to minimize
aeration of the sample. Perform field filtering immediately.
Draw the sample through the filter into the collection bottles.
Preserve and cap immediately.

6. Decontaminate the bailer. Use new line for each well.

Sampling with a Pump.

1. Rinse the pump and associated apparatus with reagent grade water.

2. Position the pump inlet in the well such that water is removed from the '
same portion of the well each time, preferably within or just above the
screened interval.

3. Set the discharge of the pump to slow rate.

4. Direct the sample into the containers in the same order as with a bailer:

a. Use a bottom discharging device to provide an unfiltered portion
to fill sample containers for VOC analyses and screening (as
necessary). Collect samples for VOCs from a bailer full of water
as soon as it is brought to the surface.
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See below for special procedures to be followed when sampling
for VOCs.

b. Slowly pour an unfOtered portion of the sample into a sample
container for the required in-field analyses. One person should
perform the in-field analyses immediately while the other
continues collecting samples for other analyses.

c. Slowly pour a portion into the sample containers for all other
unffltered analyses (as necessary). Preserve and cap quickly.

d. Slowly pour a portion of the sample into a transfer bottle for
analyses requiring field filtering. Fifl to the top to
aeration of the sample. Perform field filtering immediately.
Draw the sample through the filter into the collection bottles.
Preserve and cap immediately.

Note: The tubing that comes into contact with the water should be coated with
Teflon.

Grmndwater Gnb gam

Groundwater grab samples wfll be collected from the sofl borings designated in
Section 2.0. The grab samples wfll be collected by driving a 2-foot-kmg, 2-inch-
diameter wellpoint or equivalent device about 3 feet into the formation ahead of the
lead auger. The weDpomt wfll be evacuated of three casing volumes of water using a
bailer or pump. The water level wfll be allowed to stabilize and a groundwater grab
sample win be collected using a stainless steel bailer. The sample wfll be placed in
bottles on ice in a cooler. The depth interval, date, and time of collection wfll be
written on the label along with the boring number.

Spedal Piotedam what g»i«pM-t fcr VOCs

1. Before sampling, evaluate the area around the sampling point for
possible sources of air contamination by VOCs. Products that may give
off VOCs and possibly contaminate a sample include perfumes and
cosmetics, skin applied Pharmaceuticals, suntan lotion, and automotive
products (gasoline, starting fluid, windshield dekers, carburetor cleaners,
etc.) Keep the caps off the sample vials for as short a time as possible.
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2. Wear clean gloves (latex or surgical) when sampling for VOCs.

3. Use a bottom-emptying device when using a bailer to sample for VOCs.

4. Do not use a suction pump when sampling for VOCs. Do not filter
samples collected for VOC analysis.

5. Keep the VOC sample bottles and the containers used for mailing the
bottles tightly sealed to prevent possible contamination.

6. Two 40-mL vials with teflon septum tops should be filled.

7. Remove the cap ring from the first sample vial. Make sure that the
Teflon liner does not fall out. If the liner falls out, replace it in the cap
ring and flush the cap with reagent grade water.

8. Fill the sample vial immediately, allowing the water stream to strike the
inner wall of the vial to minimize formation of air bubbles. Do not
rinse the sample vial before filling. Fill the sample vial, with a
minimum of turbulence, until the water forms a positive meniscus at the
brim. Allow the vial to overflow slightly.

9. Replace the cap quickly by gently setting it on the water meniscus.
Tighten firmly, but do not overtighten. Invert the vial and tap it lightly.
If you see air bubbles in the sample, do not add more sample. Use
another vial to collect another sample. If bubbles form in the sample,
repeat the procedure until you obtain a proper sample.

10. Repeat this procedure for the second VOC sample.

7.2 Surface Soil Sampling Procedures

The method for surface soil sample collection is described below.

7.2.7 Sampling Devices

A hand auger or stainless steel trowel will be used to collect surface soil samples.
Where the ground is compacted and hard, a pick or shovel may be used to break up
the ground.
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7JJ Sampling Procedures

A decontaminated stainless steel trowel will be used to scrape away surficial organic
material (grass, leaves, etc.). Samples will be collected with the hand auger or trowel.

For VOC and semrvolatik sampling, sample jars wffl be filled directly with the trowel
and capped immediately upon filling. Samples for VOC analysis will be collected
first, followed by samples for semrvolatiles and all other parameters.

Where composite samples wffl be taken, the samples wffl be placed into a
decontaminated steel pan and mixed using a decontaminated stainless steel utensil.
The sample wffl be placed into appropriate containers for analysis with a
decontaminated utensfl. Samples to be analyzed for VOCs wffl not be composited
because of the potential for VOC loss during sample nomogenization.

Subsurface Soil Sampling Procedures

73.1 Sampling Devices

Sofl borings wffl be sampled using 2-fbot-long, 3-inch O.D. (23-inch LD.) split-barrel
samplers. The large diameter sampler wffl be used because it collects a larger volume
of sofl than the standard split-spoon sampler. This meets the volume quantity
required for samples submitted for chemical analysis.

7JJ Sampling Procedures.

The split-spoon sampler wffl be driven its entire length using a 140-pound hammer
freely faffing a distance of 30 inches. Blow counts wffl be recorded on the boring log.
Blow counts during 3-inch split spoon sampling wffl not give true standard penetration
test blow counts because a 2-inch spoon would normally be used. After completing
the drive, the sampler wffl be removed from the borehole and opened by the driller's
assistant. The supervising hydrogeologist wffl examine the sample and its description
wffl be logged.

The sample volume wffl be split between sampling containers and reserved for
analytical testing. Samples to be collected from each boring are described in
Section 2.0. Sample jars wffl be labeled as to boring number, depth of sampling
interval, and time and date of sample collection. Samples wffl be stored in iced
coolers pending selection and shipment



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix A: Field Sampling Plan
Page: 24 of 24

7.3.3 Borehole Abandonment

Each soil boring that is not also a monitoring well borehole will be properly
abandoned either by filling the hole with bentonite pellets or granules or by grouting
from the bottom of the borehole to the ground surface using the tremie method.

8.0 Field Measurements/Screening

Standard operating procedures (SOPs) for the field measurement and screening
techniques are provided in Appendix F.

9.0 Preventive Maintenance Procedures and Schedules

Field team members will refer to the field procedure SOP (Appendix F) and/or the
manufacturers' instrument manuals for the appropriate preventive maintenance
procedures for the field equipment used at the site.

10.0 Sample Disposal

10.1 Soil

Cuttings or field screening samples shall be incorporated into the slurry backfill for
the boring of origin.

10.2 Groundwater

Groundwater purged from a well prior to sampling and water aliquots taken for field
sampling or screening will be contained onsite pending analytical results. If results
show the groundwater is non-hazardous, the water will be discharged to the
Indianapolis Wastewater Treatment Plant. If the water is hazardous, it will be
managed as such per Indiana's Administrative Code for hazardous waste
management.

1001047ZGLO
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Addendum No. 1 to Appendix A
Field Sampling Plan of the

Quality Assurance Project Plan (June 1992)

At the Carter-Lee Lumber Site
Indianapolis, IN

This is an addendum to the existing Quality Assurance Project Plan (QAPP) for the
Carter-Lee Lumber (CLL) site dated June 1992. The EPA has requested a limited
Phase 2 site investigation to address potential impacts to groundwater at the CLL site.
Additional work beyond that originally described hi the Field Sampling Plan (FSP) of the
QAPP will be undertaken to further define background conditions and identify impacts on
potential groundwater users. This addendum has been written to describe the additional
work to be performed as agreed upon with the EPA. The additional work will be
completed according to procedures and methods already approved hi the June 1992
QAPP.

Phase 2 Investigation

The following sections replace the corresponding sections in the QAPP dated June 1992.
A summary of the sample network is provided hi Table A-l. The table has been revised
to reflect the scope of work hi Phase 2 reduced from the original work plan.

2.1.2 Phase 2 Field Investigation

The specific objectives of the Phase 2 field investigation are:

• To determine the impacts pumping by large industrial users may have on
groundwater flow direction

• To evaluate the impacts groundwater fluctuations (seasonal and/or those
fluctuations produced by industrial pumping) may have on contaminant
migration

• To determine the concentrations of potential contaminants hi soil adjacent
to the railroad tracks

2.1.2.2 Hydrogeologic Investigation.

Two rounds of groundwater sampling will be conducted to supplement the data collected
during the Phase 1 site investigation. The first round of sampling will occur hi early

A-l
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June 1993. The second round of sampling is anticipated to take place in early fall 1993.
However, the actual date of the fall sampling is dependent on the outcome of the
groundwater users survey.

In both sampling rounds, the five monitoring wells (see Figure A-l) will be analyzed for
the full TAL and TCL. Transport and treatment parameters listed below will be analyzed
in the second of these Phase 2 rounds:

TOC
COD
TSS
TDS
Chloride
Alkalinity
Hardness

Monitoring well groundwater elevations will be measured during the two sampling
rounds. A third set of groundwater elevation data (no lab samples) will be collected in
mid-summer 1993.

2.1.2.3 Soil Sampling

Two soil samples were originally planned to be collected in Phase 1 to help evaluate the
impact the adjacent Conrail tracks may have had on the CLL site. Because access could
not be obtained in Phase 1, these samples will be collected in Phase 2. Two shallow soil
samples (CLBK03 and CLBK06) will be collected from the approximate locations shown
in Figure A-l. The soil samples will be collected during the Round 2 groundwater
sampling event (anticipated for early fall). The samples will be collected from the upper
6-inches using a hand auger. The samples will be analyzed for full TCL organic and
TAL inorganic compounds. It is assumed access to the Conrail properties will be secured
by EPA.

1001224B.GLO
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Appendix B
Data Management Plan

Introduction

This Data Management Plan (DMP) outlines the procedures that will be used to
track, manage, store and retrieve water level data, water quality data and soil quality
data collected during the work associated with the RI at the Carter-Lee Lumber Site.

A variety of technical data wfll be generated (geologic, hydrogeologic, geochemical,
and chemical) during the RI. The procedures outlined in the DMP are designed so
that the integrity of this data can be maintained for subsequent use. Tracking of data
and completed work (e.g^ scheduling and progress reports) wfll be done in order to
monitor, manage and document the progress of the RL

Procedures for controlling the receipt and distribution of incoming analytical data and
outgoing results associated with this DMP are outlined below. In addition, data
documentation records, RI ffle requirements, and the format to be used to present
raw data are also noted.

Data Records

The data record, entered into a MS-DOS ASCII and/or Excel spreadsheet, wfll
include the following:

• Sample or field measurement identification code

• • Sample or field measurement location by source area and data type

• Sample or field measurement raw data

• Laboratory sample identification number (uniquely assigned)

• Specific property or component measured

• Results of analysis (concentration or field meter reading or descriptive
logging)

• Units of analysis, where applicable (pH is unitless)
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Chemical data may be received from the contracted laboratory in both hard copy and
computerized form. The computerized data will be in a Lotus compatible
spreadsheet format (Lotus 1-2-3, Symphony, Excel).

A hypothetical example of a typical database entry is shown below:

Header

Sample/Field Measurement I.D. CodCL
Laboratory I.D. Number:
Sample Location:
Sample Type:
HNu Reading:

Analyte Concentration Units:

CLSB02
87HJ02
Drainage Swale
Soil
1 ppm (meter units)

Mg/kg

Compound

Mercury, Total
Mercury, Dissolved

Raw Data

10
0.001

Qualifier or
Conversion

Factor (if necessary)

X
X

Concentration

10
0.001

As an additional identifier for logging of samples, each sample collected will have a
self-explanatory sample code (determined by CH2M HILL) which includes the matrix
designation and identification number.

A two-symbol alpha-code designation (-CL-) will be used to identify that the sample
was collected at the Carter-Lee Lumber site under this plan.

Each sample collected will be identified by an alpha-code corresponding to the
sample type, followed by the sample location number. The alpha-codes are to be
used as follows:

GW—groundwater
SB—soil boring
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• BK—background soil sample
FB—field blank
TB—trip blank

• FR—field replicate

Field blanks will have an FB followed by the alpha-code for the type of matrix the
field blank was collected from (i.e_, a soil boring blank will be FBSB). Trip blanks
will be designated as TB. Duplicate samples will have the letter D following the two
or four digit code described below.

Some samples will have a two or four digit number as the last component of the
sample identifier. The first two digits will be used to complete the identification of
the sample location within a specific sample type (reg. CLSB01). The second two
digits (CLSB0102) wfll signify that this sample is the second sample taken at location
CLSB01. Four digits wfll only be necessary at locations where sampling with depth
occurs. In this case the depth of the sample corresponding to CLSB0102 wfll be
recorded in the field log book and on soil boring logs, where applicable.

For example:

CLSB0102 = Carter-Lee Lumber, Sofl sample two from soil boring No. 1. (The
depth of the sample wfll be noted in the log book of the field person taking the
sample.)

Tabular Displays

The following data wfll be presented in report tables:

• Sample location summary for a specific source area and for the facility-
wide program

• All raw data

• Summary of the applicable analytical results for each source area
investigated and the data subdivided by media (Le., sofl, groundwater,
surface water)

• Summary of the results developed from the analytical data

• Water (surface water and groundwater) level measurements
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• Results of any statistical analyses of the final data

• Final data that has been sorted by appropriate stratification factors

Graphic Displays

The following types of data will be presented:

• Area or plan maps of the boundaries of the Carter-Lee Lumber Site
and specific source areas investigated under the RI

• Area or plan maps showing the locations of soil borings and monitoring
wells, and if applicable, any grid arrangements and groundwater
direction arrows

• Isopleth plots of water table elevations and topography where
applicable

• Cross sectional diagrams of subsurface features and soil stratigraphy,
including features potentially affecting intramedia transport where
applicable

• Area or plan maps of contaminants

• Maps showing potential areas for further investigation as determined
after evaluation of RI results

• Maps showing potential receptors in those areas surrounding and within
the Carter-Lee Site.

• Three dimensional representation of changes in concentration with time
and depth and distance from each source (if applicable)

File Organization

Files, including computerized data, for all original RI analytical data obtained during
this investigation will be maintained according to procedures outlined below. In
accordance with the ACO, all records will be retained for 6 years after the pendency
of the Consent Order.
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Receipt of Data and Reports

For CH2M HEX, all incoming data and reports will be logged in to the central file as
incoming documents and then will be appropriately placed on the central file system
discussed in the QAPP. All analytical results from the laboratories will be keyed to
the same sample identification numbers assigned by CH2M HILL during sample
collection. The RI team members will work from copies of incoming documents.
The original documents will be kept in the central files. Field log books will also be
kept as part of the central file and considered original documents.

Outgoing Data and Reports

All outgoing data, maps and reports will be reviewed by the project manager prior to
delivery to any outside party.

Document Filing and Access

Access to the CH2M HILL central fik will be limited to the RI team and other
authorized individuals. The removal of information or documents from this file will
be controlled by CH2M HILL through the use of a signout card. In addition, an
up-to-date marker index will be maintained by CH2M HILL to record all additions or
deletions to this central file. This index will enable the RI team to track the location
of all files. It will be the responsibility of each RI team member or other user of
these files to ensure that all project documents are properly signed out and returned
promptly. All original field notebooks, log sheets and other information will be
returned to a locked, fire-proof file cabinet at Carter-Lee from the CH2M HILL
central file upon project completion.

Computer Data Storage

All chemical and physical data generated during this RI "project" will be stored in
paper document form. In addition, any data that is not electronically transferred
(such as field data) wfll be computerized and stored in a spreadsheet program. Data
entry will be performed by a data processing technician and all data entered on the
computer wfll be checked against the original hard copy of the data to ensure that
they were entered correctly. This computer database will include a list for each
media or event of the parameters listed in the Field Sampling Plan (Appendix A).

This data base and all data analyses output will be stored in both hard copy and
31/; inch floppy disk forms (with backup). Updated versions of previously recorded
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data will be noted at the top of each file using a header notation containing the date
of last file entry and the user's name.

GLT338/017.511
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Appendix B
Data Management Plan

Introduction

This Data Management Plan (DMP) outlines the procedures that wfll be used to
track, manage, store and retrieve water level data, water quality data and soil quality
data collected during the work associated with the RI at the Carter-Lee Lumber Site.

A variety of technical data wfll be generated (geologic, hydrogeologic, geochemical,
and chemical) during the RL The procedures outlined in the DMP are designed so
that the integrity of this data can be maintained for subsequent use. Tracking of data
and completed work (e.g^ scheduling and progress reports) wfll be done in order to
monitor, manage and document the progress of the RL

Procedures for controlling the receipt and distribution of incoming analytical data and
outgoing results associated with this DMP are outlined below. In addition, data
documentation records, RI file requirements, and the format to be used to present
raw data are also noted.

Data Records

The data record, entered into a MS-DOS ASCII and/or Excel spreadsheet, wfll
include the following:

• Sample or field measurement identification code

• Sample or field measurement location by source area and data type

• Sample or field measurement raw data

• Laboratory sample identification number (uniquely assigned)

• Specific property or component measured

• Results of analysis (concentration or field meter reading or descriptive
logging)

• Units of analysis, where applicable (pH is unitless)
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Chemical data may be received from the contracted laboratory in both hard copy and
computerized form. The computerized data will be in a Lotus compatible
spreadsheet format (Lotus 1-2-3, Symphony, Excel).

A hypothetical example of a typical database entry is shown below:

Header

Sample/Field Measurement I.D. CodCL
Laboratory I.D. Number:
Sample Location:
Sample Type:
HNu Reading:

Analyte Concentration Units:

CLSB02
87HJ02
Drainage Swale
Soil
1 ppm (meter units)

Mg/kg

Compound

Mercury, Total
Mercury, Dissolved

Raw Data

10
0.001

Qualifier or
Conversion

Factor (if necessary)

X
X

Concentration

10
0.001

As an additional identifier for logging of samples, each sample collected will have a
self-explanatory sample code (determined by CH2M HILL) which includes the matrix
designation and identification number.

A two-symbol alpha-code designation (-CL-) will be used to identify that the sample
was collected at the Carter-Lee Lumber site under this plan.

Each sample collected will be identified by an alpha-code corresponding to the
sample type, followed by the sample location number. The alpha-codes are to be
used as follows:

GW—groundwater
SB—soil boring
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• BK—background soil sample
FB—field blank

• TB—trip blank
• FR—field replicate

Field blanks will have an FB followed by the alpha-code for the type of matrix the
field blank was collected from (i.e., a groundwater blank will be FBGW). Soil boring
blanks wfll not be collected. Trip blanks will be designated as TB. Duplicate samples
wfll have the lener D following the two or four digit code described below.

Some samples will have a two or four digit number as the last component of the
sample identifier. The first two digits will be used to complete the identification of
the sample location within a specific sample type (reg. CLSB01). The second two
digits (CLSB0102) wfll signify that this sample is the second sample taken at location
CLSB01. Four digits wfll only be necessary at locations where sampling with depth
occurs. In this case the depth of the sample corresponding to CLSB0102 wfll be
recorded in the field log book and on sofl boring logs, where applicable.

For example:

CLSB0102 = Carter-Lee Lumber, Sofl sample two from sofl boring No. 1. (The
depth of the sample wfll be noted in the log book of the field person taking the
sample.)

Tabular Displays

The following data wfll be presented in report tables:

• Sample location summary for a specific source area and for the facility-
wide program

• An raw data

• Summary of the applicable analytical results for each source area
investigated and the data subdivided by media (i.e., sofl, groundwater,
surface water)

• Summary of the results developed from the analytical data

• Water (surface water and groundwater) level measurements
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• Results of any statistical analyses of the final data

• Final data that has been sorted by appropriate stratification factors

Graphic Displays

The following types of data will be presented:

• Area or plan maps of the boundaries of the Carter-Lee Lumber Site
and specific source areas investigated under the RI

• Area or plan maps showing the locations of soil borings and monitoring
wells, and if applicable, any grid arrangements and groundwater
direction arrows

• Isopleth plots of water table elevations and topography where
applicable

• Cross sectional diagrams of subsurface features and soil stratigraphy,
including features potentially affecting intramedia transport where
applicable

• Area or plan maps of contaminants

• Maps showing potential areas for further investigation as determined
after evaluation of RI results

• Maps showing potential receptors in those areas surrounding and within
the Carter-Lee Site.

• Three dimensional representation of changes in concentration with time
and depth and distance from each source (if applicable)

File Organization

Files, including computerized data, for all original RI analytical data obtained during
this investigation will be maintained according to procedures outlined below. In
accordance with the ACO, all records will be retained for 6 years after the pendency
of the Consent Order.
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Receipt of Data and Reports

For CH2M HILL, all incoming data and reports will be logged in to the central file as
incoming documents and then will be appropriately placed on the central file system
discussed in the QAPP. All analytical results from the laboratories wfll be keyed to
the same sample identification numbers assigned by CH2M HILL during sample
collection. The RI team members will work from copies of incoming documents.
The original documents will be kept in the central files. Field log books will also be
kept as pan of the central file and considered original documents.

Outgoing Data and Reports

AU outgoing data, maps and reports will be reviewed by the project manager prior to
delivery to any outside party.

Document Filing and Access

Access to the CH2M HILL central fik will be limited to the RI team and other
authorized individuals. The removal of information or documents from this file will
be controlled by CH2M HILL through the use of a signout card. In addition, an
up-to-date marker index wfll be maintained by CH2M HILL to record all additions or
deletions to this central fik. This index will enable the RI team to track the location
of all files. It wfll be the responsibility of each RI team member or other user of
these files to ensure that an project documents are properly signed out and returned
promptly. AU original field notebooks, log sheets and other information wfll be
returned to a locked, fire-proof ffle cabinet at Carter-Lee from the CH2M HILL
central ffle upon project completion.

Computer Data Storage

AU chemical and physical data generated during this RI "project" wfll be stored in
paper document form. In addition, any data that is not electronically transferred
(such as field data) wfll be computerized and stored in a spreadsheet program. Data
entry wfll be performed by a data processing technician and all data entered on the
computer wfll be checked against the original hard copy of the data to ensure that
they were entered correctly. This computer database wfll include a list for each
media or event of the parameters listed in the Field Sampling Plan (Appendix A).

This data base and afl data analyses output wfll be stored in both hard copy and
3Vi> inch floppy disk forms (with backup). Updated versions of previously recorded
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data will be noted at the top of each file using a header notation containing the date
of last file entry and the user's name.

1001046E.GLO



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix C
Page: 1 of 5

Appendix C
Endangerment Assessment Plan

Introduction

This Endangerment Assessment Plan (EAP) outlines the procedures that will be used
in the Endangerment Assessment and the data collection activities necessary to
identify risks associated with exposure scenarios for the Carter-Lee Lumber site.

Identification of Chemical of Potential Concern

The existing FIT sample results and the site history were reviewed to develop a list of
chemicals that will be analyzed and potentially be evaluated in the risk assessment.
The complete organic TCL and inorganic TAL were selected for analysis based on:

• Elevated PAHs and inorganics in FIT sofl samples

• Reported dumping of unknown substances from railroad tank cars

Based on the results of the RI, chemicals of potential concern wfll be developed that
will be the focus of the risk assessment

Selection of the chemicals used in the risk assessment will include the following steps:

• Identify useable data

• Identify and compare onsite chemical concentrations to their
background concentrations

• Identify onsite chemicals exceeding background RfDs or slope factors

• Identify onsite chemicals exceeding background environmental standards
and criteria

• Review remaining onsite chemicals exceeding background based on
concentration, toxicity, mobility, frequency of detection, or other issues

• Review chemicals used at the site

• Select onsite chemicals of potential concern that exceed background



Quality Assurance Project Plan
Project Name: Carter-Lee Lumber
WANo.: 49-5LBD
Appendix C
Page: 2 of 5

Toxicity Assessment

For each chemical of potential concern, toxicity information and quantitative toxicity
values, human health and environmental effects, and standards and criteria will be
identified. Those chemicals with slope factors and RfDs will be identified and their
values summarized. Sources for these data will include:

IRIS
Health Effects Assessment Summary Tables (HEAST)

• Toxicological Literature/EPA

The applicable environmental standards and criteria for the chemicals of potential
concern, in the appropriate media (e.g., soil or groundwater) will be determined.
TOXSYS will be consulted for the summary of U.S. EPA values. Appropriate state
values will also be obtained.

The human health effects of the chemicals of potential concern will be summarized
using the existing toxicity summary tables. If appropriate, the environmental effects
of the chemicals of potential concern will be addressed and summarized.

Exposure Assessment

An exposure assessment will be made to identify how people may be exposed to
contaminants of potential concern from the site, both under current and future site
uses. The mechanism for contaminant release and transport will be identified and if
appropriate, modeled. Exposure pathways will be identified. The populations at risk
will be identified. The data used to identify potentially exposed populations, land use,
and exposure patterns may include:

• Census data for the area
• Land use plans
• Zoning
• Population and growth projections
• Weather service data
• State and federal endangered species list
• Locations of well users
• Locations of hospitals, schools, nursing homes

To identify how people may come in contact with contaminants of potential concern
from the site under current and future site use, the following tasks will be done:
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• Identify sources of contaminants of potential concern

• Analyze release and transport mechanisms of contaminants of potential
concern

• Identify potential exposure points

• Identify potential routes of exposure

• Identify potential receptors

Potential exposure pathways wOl be screened based on site-specific chemical and
physical data to identify those potentially viable exposure pathways.

The exposure levels for each exposure pathway wfll be estimated based on the
following information:

• Concentrations of contaminants of potential concern at the point of
exposure

• Exposed individual/population

• Route of exposure

• Intake rates

• Frequency and duration of exposure

• Chemical specific absorption rates and bioavaflabflity

The final result wfll be an estimate of contaminant intake.

Based on a preliminary site evaluation of the Carter-Lee Lumber site, potential
exposure pathways associated with the site include future occupational/residential
exposure to the sofl at the site, occupational/residential exposure to groundwater
downgradient of the site, and exposure of aquatic life to discharges of groundwater to
the White River. Existing occupational/residential scenarios do not appear to be
exposure pathways based on the preliminary site evaluation.

To estimate risks associated with dermal contact with, or inhalation of, contaminated
soils at the site, surface and subsurface sofl samples will be collected at several
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locations across the site from depths ranging from 0 to 12 inches (current exposures)
to 25 feet (for potential future site development scenarios).

To estimate risks associated with ingestion of contaminated groundwater, groundwater
samples will be collected from onsite wells and downgradient wells. Analysis of
unfiltered samples will be performed to account for ingestion of suspended matter.
Analysis of filtered samples for dissolved fractions will be included.

If groundwater is contaminated and is being used for industrial purposes, the Phase 2
investigation may be modified to include sampling and analysis to address existing
occupational exposures to the groundwater (e.g. inhalation of VOCs volatilized from
groundwater used as cooling water) and aquatic exposures to discharges of the
industrially used groundwater to the White River.

Public Health Risk Characterization

The potential human health risks posed by the site will be assessed. This assessment
combines information derived from the toxicity and exposure assessment to yield
quantitative and qualitative estimates of risk.

The concentrations of potential concern at potential exposure points will be
compared to applicable or relevant and appropriate standards for human health
protection. For each quantified exposure pathway, the exposure estimates will be
combined with the critical toxicity values to estimate the quantitative risks. For
noncarcinogens, the intakes will be compared to RfDs, and individual excess lifetime
cancer risks will be estimated for exposures to carcinogens.

Environmental Evaluation

The potential environmental effects associated with the site will be identified.
Sampling and analysis of biota is not currently planned because of the industrial
urban location of the site and because of the minimal potential for offsite
contaminant migration (based on the current understanding of the site). Sampling
and analysis of surface water, sediments, and biota may be necessary during Phase 2 if
Phase 1 demonstrates potential for offsite migration, or if the Phase 1 environmental
evaluation finds unique or sensitive environmental receptors.
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Uncertainty Analysis

The major uncertainties associated with the risk assessment wfll be identified and
their impacts on the risk estimation process evaluated.

GLT338/01&51
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Appendix D
Health and Safety Plan

CH2M HILL HEALTH AND SAFETY PLAN

This plan will be kept onsite during field activities and will be reviewed and updated as necessary.
This plan adopts, by reference, the standards of practice (SOP) contained in the CH2M HILL Waste
Management and Industrial Processes Discipline Health and Safety Manual, Volumes 1 and 2, and other
applicable CH2M HILL SOPs as appropriate. The Site Safety Coordinator (SSC) is to be familiar
with these SOPs. In addition, this plan adopts procedures contained in the work plan for the project.

1.0 PROJECT INFORMATION AND DESCRIPTION

CLIENT OR OWNER: U.S. EPA Region 5 PROJECT NO: GLO65616.PP.QS

PROJECT MANAGER: Dale Cira/STL OFFICE: GLO/STL

SITE NAME: Carter-Lee Lumber Company

SITE ADDRESS: 1621 West Washington Street
Indianapolis, IN

DATE HEALTH AND SAFETY PLAN PREPARED: June 5, 1992

DATE(S) OF INITIAL VISIT: April 27, 1992

DATE(S) OF SITE WORK: Phase 1: November 2-8, 1992
Phase 2: December 7-20, 1992

SITE ACCESS: The investigative area of the property is accessed by traversing the active lumber
retail area at the north of the site. The property entrance is on Washington Street. Access
agreements are being negotiated by U.S. EPA.

SITE SIZE: Approximately 4 acres

SITE TOPOGRAPHY: Relatively flat, gentle slope to the southeast; paved 3/4 with asphalt, 1/4 with
compacted gravel.

SITE DESCRIPTION AND HISTORY: Carter-Lee is an active, retail lumber yard. The "site" is
4 acres located at the southern portion of the property. It has been developed with 4 storage
buildings and has been paved in asphalt and gravel, and is currently used for the storage of lumber
and building materials. The primary concerns at this site are the presence of heavy metals and
polynuclear aromatic hydrocarbons in shallow soils. Neutralized metal cleaning acids had been
disposed at the site through land application and sources for PAHs have not been identified.
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2.0 PROJECT ORGANIZATION AND TASKS TO BE PERFORMED UNDER THIS PLAN

2.1 PROJECT ORGANIZATION

The U.S. EPA is the client on this project. CH2M HILL is performing the site investigation under
ARCS V contract. A description of the field team is provided below.

Bill Bolen Regional Project Manager for EPA
Dale Cira CH2M HILL Project Manager
Dave Shekoski Site Safety Coordinator
Laura Peterson Field Team Leader
Tom Miller Alternate field team leader/field support

Others to be assigned as field support

2.2 DESCRIPTION OF TASKS

Field activity will be broken down into two phases. Phase 1 will be implemented as a preliminary
investigative phase. If Phase 1 findings warrant, a phase 2 field investigation will be implemented
within a few weeks.

Phase 1 tasks:

• Collect shallow (0—12 inches) soil samples using hand auger methods

• Drill soil borings for the collection of deep subsurface soil samples (to be performed by
others)

• Drill and install monitor wells (to be performed by others)

• Oversight of drilling

• Survey for elevation control (to be performed by others)

• Collect groundwater samples and obtain water level measurements

Phase 2 tasks:

• Additional shallow soil samples
• Additional soil borings
• Additional well installation and monitoring
• additional surveying



J-» HAZARD EVALUATION AND CONTROL

3.1 HEAT AND COLD STRESS (REFERENCE CH2M HILL SOP HS-«9)

3.1.1 GUIDELINES FOR WORKING IN TEMPERATURE EXTREMES WHILE WEARING
PERSONAL PROTECTIVE EQUIPMENT (PPE)
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3.2 PHYSICAL (SAFETY) HAZARDS AND CONTROLS (REFERENCE CH2M HILL
SOP HS-03)

Hazard

Rying debris/objects

Build-up of static electricity

High pressure hose rupture

Electrical shock

Moving vehicles

Overhead electrical wires

Buried utilities, drums, tanks, and
so forth.

Slip, trip, fall hazards due to muddy
work areas

Back injury

Protruding objects

Engineering or Administrative Controls

Provide shielding and PPE.

No spark sources within 50 feet of an excavation, heavy
equipment, or UST removal. Ground as appropriate.

Check to see that fitting and pressurized lines are in
good repair before using.

Make certain third wire is properly grounded. Do not
tamper with electrical wiring unless qualified to do so.

Back-up alarm required for heavy equipment. Observer
remains in contact with operator and signals safe
back-up. Personnel to remain outside of turning radius.

Heavy equipment (e.g. drill rig) to remain at least
15 feet from overhead powerline for powerlines of
50 kV or less. For each Kv > 50 increase distance
1/2 foot.

Locate buried utilities, drums, tanks, etc., prior to
digging or drilling and mark location (see Section 3.3).

Use wood pallets or similar devices in muddy work
areas.

Use proper lifting techniques, or provide mechanical
lifting aids.

Flag visible objects.

3.3 PROCEDURES TO LOCATE BURIED UTILITIES

The preliminary investigation information indicates the site has been undeveloped prior to its
purchase and the potential for the presence of underground utilities is not considered likely.

CH2M HILL will work with the property owner and U.S. EPA to clear underground utilities with the
local utility companies and coordinate with the property owners to obtain information on utilities that
may have been installed by the owner.



JM HAZARDS POSED BY CHEMICALS BROUGHT ONSITE

Refer to CH2M HILL Hazard Communication Program Manual which is available from the
Corporate Human Resources Department in Denver. The Project Manager is to request
Material Safety Data Sheets (MSDSs) from the client, or contractors and subcontractors for
chemicals that CH2M HILL employees are potentially exposed to.

Cbeaucal

HNu or OVA calibration gas (isobutylene)

CGI Calibration Gas (2% methane in air)

Location

Work Area

Work Area



3.5 KNOWN CONTAMINANTS OF CONCERN (See Table 1 (Attachment 4) of Preliminary Site Evaluation Report)

Contaminant

Benzo(a)pyrene

Methyl ethyl ketone

Chrysene

Diethylphthalate

Naphthalene

Telrachloroethane

Toluene

Aluminum

Arsenic

Cadmium

Chromium

Copper

Cyanide

Lead

Mercury

Nickel

Silver

Zinc

Location and Highest
Concentration

(solid media: ing/kg or
liquid media: Mt/L)

SX-2, SX-5

SX-3, SX-4

SX-2 SX-5

SX-1, SX-2

SX-2, SX-5

SX-1, SX-2, SX-3, SX-5

SX-1, SX-2, SX-5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4, 5

SX-1, 2, 3, 4

SX-1, SX-3

SX-1, 2, 3, 4, 5

OSHA
PEL, TWA

200 ppm

5 mg/m

10 ppm

Ippm

100 ppm

10 mg/m3

0.2 mg/m3

0.05 mg/m3

0.05 mg/m3

1 mg/m3

5 mg/m3

0.15 mg/m3

0.1 mg/m

1 mg/m3

1 mg/m3

0.01 mg/m3

IDLII
(ppm) • Symptoms and Effects of Exposure

•

Irritant to eyes and nose

•

Irritant to eyes

Irritant to eyes

Fatigue, weakness

•

•

•

•

•

•

PIP

9.54

8.12

11.1

Note 1: Lower value of PEL, REL, or TLV listed. Note 4: Location refers to physical location. Abbreviations specify media:
Note 2: NL = no limit found in reference materials. A (AIR) D (DRUMS) F (FLYASH) GW (GROUNDWATER) L (LAGOON) TK (TANK)
Note 3: PIP = pholoionizalion potential S (SOIL) SL (SLUDGE) SW (SURFACE WATER)

'Suspected human carcinogen. Exposure: as low as reasonably achievable.

10010410.GLO-1
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4.0 PERSONNEL

4.1 CH2M HILL EMPLOYEES (REFERENCE CH2M HILL SOP HS-01 AND HS-02)

Employees listed below are enrolled in the CH2M HILL chemical protection program (CPP)
and meet the medical surveillance, 40-hour initial training, 3-day on-the-job experience, and 8-
hour annual refresher training requirements of OSHA 29CFR1910.120. Employees designated
"SSC" have received 8 hours of supervisor and 8 hours of instrument training and can serve as
site safety coordinator (SSC) for the level of protection indicated. There must be one SSC
present during any task performed in exclusion or decontamination zones with the potential for
exposure to safety and health hazards. Employees designated "FA-CPR" are currently certified
by the American Red Cross, or equivalent, in first aid and CPR. There must be one FA-CPR
designated employee present during any task performed in exclusion or decontamination zones
with the potential for exposure to safety and health hazards. The "buddy system" requirements of
OSHA 29CFR1910.120 are to be met at all times.

Employee Name

Laura Peterson

Dave Shekoski

Dale Cira

Tom Miller

Office

GLO

GLO

STL

STL

Responsibility

Field Team Leader

Site Safety Coordinator

Project Manager

Field Support

SSC/FA-CPR

Level (C) SSC; FA-CPR

4.2 HEALTH AND SAFETY AND FIELD TEAM CHAIN OF COMMAND AND PROCEDURES

4.2.1 CLIENT

U.S. EPA Region 5

4.2.2 CH2M HILL

Al Sloan
ARCS 5 Program Manager

8



S.O I'KkSONAI. PKOTKCTIVK MJUII'MKNT (I'l'K) SI'K( IKK ATION1 (Reference (II2M HILL SOP HS-07 und IIS (W)

All [)

Note I: Modifications:
NCMC 2: The 8SC thill specify hardhal areas.

fcrfy

lyvek or l̂ ua!

lyvek or liqual

Rubber boolt or
steel toed

Rubber boon or
steel toed

llfMl1

Hardhal

Hardhal

Ky.

Safety glasses

Safety glasses

lUnd

Vinyl inner
ncoprene oulci

Vinyl inner
neoprcne outer

R,...r.l.r

None required.

AI'R. full lace, MSA
1 lltraiwln or

cartridges:

Note: 1 (earing protection It la be used when working near drill rigs, compressors, etc.

5.1 REASONS TO DrH.RAUE OR DOWNGRADE LEVEL OF PROTECTION

• Kequeil of Individual performing Ink,
• ("hinge In work luk (hit will Increase conlicl or polenllil conUcl with hiurdoui

milehili.
• Occurrence of dun »lrborn.
• Known or tuipecied pretence of dermal haurdt.
• Inilnimeni action level* (Section 6.0) exceeded.

• New Information Indicating thai situation It leu haurduui than originally
thought.

• (.'hinge In ille condition* that decrease* (he hazard.
• (.'hinge In work task that will reduce contact with hn/.imlou» mnlcrmU

10010413.GLO



6.0 AIR MONITORING EQUIPMENT SPECIFICATION (Reference CH2M HILL SOP HS-06)

Instrument

CGI:

Photoionizalion Detection
(PID)

Tasks Action Levels

0-10% LEL No expl.1 hazard
10-25% LEL Pot.2 expl. hazard
> 25% LEL Expl. hazard; evacuate or vent

0-1.0 ppmab4 Level D
1.0-10 ppmab Level C

Frequency

See 6.2

See 6.2

Calibration

Daily prior to work

Daily prior to work

Note 1: expl = explosion Note 2: pot = potential Note 3: def = deficient Note 4: ab = above background

10010415.GLO



t.1 CALIBRATION SPECIFICATION__.

P0> HNU. 11 * eV probe

CGI MSA 260. 261. 360. or
361

Gm

100 ppm Bobutyiene

0 "51 penlinc

*-

5.0 ± 10

N/A

«-*.

68 ppm

50»LEL
± 5 % L E L

fc^^-fc, J
^•EIHM

1-5 Lm reg T-wbing

0.25 l-m iff direct tubing

1.5 Lin reg direct tubing

AIR SAMPLING

Method md Description:

(requires an inhibitor filter for leaded gasoline)

Leaded gasoline will poison the detector filament, rendering the instrument useless if a filter is not
available. Monitor continuously during soil disturbance, tank work, and other operations in the
exclusion zone that may involve release of petroleum or natural gas vapors. (If the explosimeter does
not have an inhibitor filter for leaded gasoline, take readings at least every IS minutes, then purge the
instrument in dean air.) The explosimeter is required to be used in concert with the HNu, TIP, or
OVA in order to monitor the Qammabiliry/explosiviry hazard at the source (Le^ borehole). The
organic vapor meter is used primarily for breathing zone measurements to assess potential exposure.

HNi Il.7eV

Take background readings in an upwind position in an area without suspected contamination. Take
readings in the breathing zone upon initiating site work. Record readings at least every half hour in
the breathing zone. The instrument should be consulted more frequently than every half hour to
determine if action levels are met. Spikes above level do not call for an upgrade, but do require
continuous monitoring until levels stabilize. During continuous monitoring, record levels every
10 minutes. Recharge at the end of each day.

11



7.0 DECONTAMINATION SPECIFICATION (Reference CH2M HILL SOP HS-13)

Personnel

Boot wash/rinse

Glove wash/rinse

Outer glove removal

Body suit removal

Inner glove removal

Respirator Removal

Hand wash/rinse

Face wash/rinse

Shower ASAP

PPE disposal method:
Place in 55-gaIlon drum for
future disposal by
Carter-Lee Lumber

Water disposal method:
onsite sewer to Indianapolis
Wastewater Treatment Plant

Sample Equipment

Wash/rinse equipment

Solvent rinse equipment

Solvent disposal method:
collect in 55-gallon drum for
authorized disposal

Heavy Equipment

Power wash

Steam clean

Water disposal method:
onsite sewer to Indianapolis
Wastewater Treatment
Plant

8.0 WORK PROCEDURES

8.1 WORK PRACTICES

• No spark sources within exclusion or decontamination zones.

• Avoid visibly contaminated areas.

• No eating, drinking, or smoking in contaminated areas, or exclusion or decontamination zones.

• SSC to establish areas for eating, drinking, smoking.

• No contact lenses in exclusion or decontamination zones.

• No facial hair that would interfere with respirator fit if Level C or B is anticipated.

12



• Site work will be performed during daylight hours whenever possible. Any work conducted
during hours of darkness will require enough illumination intensity "to read a newspaper
without difficulty."

&2 SITE CONTROL MEASURES

• Site safety coordinator (SSC) to conduct site safety briefing (see below) before starting field
activities, or as tasks and site conditions change.

• SSC records safety briefing attendance in logbook, and documents topics discussed.

• Post OSHA job site poster in a central and conspicuous location at the site.

• Determine wind direction.

• Chemicals to be stored in proper containers.

• MSDSs are available for onsite chemicals employees exposed to.

• Establish ofisite communications.

• Establish procedures for disposal of material generated onsite.

Initial air monitoring conducted by SSC in appropriate level of protection.

• SSC to conduct periodic inspections of work practices to determine effectiveness of this
plan. Deficiencies to be noted, reported to DHSM or RHSM, and corrected.

• Site safety briefing topics: general discussion of health and safety plan; site specific hazards;
location of work zones; PPE requirements; equipmenq special procedures; emergencies.

9M EMERGENCY RESPONSE PLAN (REFERENCE CH2M HILL SOP HS-12)

9.1 PRE-EMERGENCY PLANNING

The SSC performs the applicable pre-emergency planning tasks before starting field activities and
coordinates emergency response with the facility and local emergency service providers as
appropriate.

• Locate nearest telephone to the site and inspect onsite communications.

• Locate chemical, safety, radiological, biological hazards.

• Confirm and post emergency telephone numbers and route to hospital

• Post site map marked with location of emergency equipment and supplies.

• Review emergency response plan for applicability to any changed site conditions, alterations
in onsite operations, or personnel availability.

• Evaluate capabilities of local response teams.

13



• Designate one vehicle as the emergency vehicle; place hospital directions and map inside; keep
keys in ignition during field activities.

• Inventory and check site emergency equipment and supplies.

• Review emergency procedures for personnel injury, exposures, fires, explosions, chemical and
vapor releases with field personnel.

• Locate onsite emergency equipment and supplies of clean water.

• Verify local emergency contacts, hospital routes, evacuation routes, and assembly points.

• Drive route to hospital.

• Review names of onsite personnel trained in first aid and CPR.

• Review notification procedures for contacting CH2M HILL'S medical consultant and team
member's occupational physician.

• Rehearse the emergency response plan once prior to site activities.

• Brief new workers on the emergency response plan.

9.2 EMERGENCY EQUIPMENT AND SUPPLIES

The SSC marks the locations of emergency equipment on the site map and posts the map in the
support zone.

• ABC fire extinguisher
• Industrial first aid kit
• Additional emergency equipment: portable emergency eyewashes will be kept within 100 feet of

the work area

9.3 EMERGENCY MEDICAL TREATMENT

• The SSC will assume charge during a medical emergency until the ambulance arrives, or the
injured person is admitted to the emergency room.

• Prevent further injury.

• Initiate first aid and CPR.

• Call the ambulance and hospital.

• Determine if decontamination will make injury worse. Yes—seek medical treatment
immediately.

• Make certain that injured person is accompanied to emergency room.

• Notify the Project Manager of the injury.
• Notify the District or Regional Health and Safety Manager.

• Notify the injured person's human resources department

14
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She

Pottce
Address:

Fire
Address:

Address:

Gas:

Electric

Hospital:

EMERGENCY RESPONSE TELEPHONE NUMBERS

Phone:1621 Washington Street
Indianapolis. IN

Indianapolis Water Co.

Citizens Gas A Coke Utility

Phone:

Phone:

Phone:

Phone

Phone:

Indianapolis Power & Light Co. Phone:

University Hospital Phone
1100 West Michigan St
Indianapolis, IN 46223

911

911

911

317/631-1431

317/924-3311

317/261-S111

635/8431

Route To Hospital: (Refer to mmf Pap 17.)

19.1 GOVERNMENT AGENCIES INVOLVED IN PROJECT

Federal: U.S. EPA Phone 312/353-6316

State IDEM Phone 317/232-3210

Local: Phone

15
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FIGURE 2
Route to Hospital

Carter-Lea Lumber



1L EMERGENCY CONTACTS

CH2M HILL Medical Consultant

Dr. Kenneth Chase
Washington Occupational Health
Associates
202 463-6698 (8 AM to 5 PM EST)
202/463-6440 (after hoars answering
service: physician will return call
within 30 minutes)

Occupational Physician (Regional or Local)

Park Crest Medical dink
2665 South Moorland Road
New Berlin. WI 53151
414/786-1199

Director Health and Safety

Name: Many Mathamel/WDC
Phone: 703/471.1441

District Health and Safety Manager
(DHSM)

Name:
Phone:

Jane Stamfidd
303/7714)900

Regional Manager

Name:
Phone:

Garv Beech
414/272-2426

Health
(RHSM)

Name:
Phone:

Cun Poutsch
414/272-2426

Name:
Phone:

DaleCira
314/421-0900

Health

Name:
Phone:

(RHM)

George Stephens/ORO
615/483-9032

Name:
Phone:

Marty OMham
4I4;272-2426

CBeot

Name: Deborah On U.& EPA
312/886-7576

Corporate Hm

Name:
Phone:

Resources DepartoMnt

Beth Brown/DEN
303/771-0952

If an injury occurs, notify the injured
person's personnel office as soon as possible
after obtaining medical attention for the
injured. Notification MUST be made within
24 hoars of the injury.

16



12.0 PLAN APPROVAL

This site safety plan has been written for use by CH2M HILL. CH2M HILL claims no
responsibility for its use by others, unless specified and defined in project or contract documents.
The plan is written for the specific site conditions, purposes, dates, and personnel specified and
must be amended if these conditions change.

PLAN WRITTEN BY: Dale Cira/STL

PLAN APPROVED BY:

12.1 PLAN AMENDMENTS

DATE: CHANGES MADE BY:

CHANGES TO PLAN:

APPROVED:

12.2 PLAN AMENDMENTS

DATE: CHANGES MADE BY:

CHANGES TO PLAN:

APPROVED:

13.0 Attachments TO PLAN

Attachment 1: Employee signoff

Attachment 2: Form 533

Attachment 3: Applicable MSDSs

Attachment 4: Table 1

DATE:

DATE:

June 5, 1992

DATE:

DATE:

Note: Once approved, a copy of this plan
should be forwarded to Marty Mathamel/
WDC.

10010409.GLO
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Attachment 1

EMPLOYEE SIGNOFF

The employees listed below have been provided a copy of this health and safety plan, have read and
understood it, and agree to abide by its provisions.

EMPLOYEE NAME EMPLOYEE SIGNATURE /DATE

0010409 GLO

18



ATTACHMENT 2

FORM 533
RECORD OF HAZARDOUS WASTE FIELD ACTIVITY

SITE NAME:
SITE SAFETY COORDINATOR:
PROJECT NUMBER:
RECORD OF ACTIVITIES FOR (DATES):

EMPLOYEE
NAME / NUMBER

TOTAL DAYS
ONSITE

DAYS IN
LEVELS

DAYS IN
LEVEL C

DAYS IN
LEVEL D

DAYS AS SSC
LEVELS

DAYS AS SSC
LEVEL C

DAYS AS SSC
LEVEL D

ACTIVITIES
PERFORMED

10010417.GLO



,; Material Safety Data Sheet
from Gemum's Reference Coflrrrion

Genoa Pabfidmif rpono
1145 Caaiyn Street

cfaaecadjr.NY 123Q3-1836USA
(518)377-8855

No. 674

EOBUTYLENE

Issued: November 1988

at59T(15*C).Uae4paaaiflytof

-7

B*jcr*Gmtt fttammnL 73) far • BBC

HMIS
H 1
F 4
R 0
PPG*
•See

NFPA

R 1
I 1
S 1
K 4

ON -23JNGREDIENTSAND HAZARDS
botaqtae. CAS Nau 0115-11-57 CtlOO OSHAPEL

7.IMS-S9

NIOSHREL
bed
ToxfcttrDmtt-

NIOSa. JOH3 (UDOI90000}. far

(*):
L9 100
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SECTION 4.-FIRE-AND ^EXPLOSION ~DATA ^
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674 . ISOB UTYLENE 1 1/88

'SECTION CC'HEALTtf HAZARD
lene gas is almost twice as dense as air itself (see sect. 3). MedlcaJ Conditions Aggravated by Loot-Term Exposure None reported.
Target Organs: None reported. Primary Entry: Inhalation. Acute Effects Initial symptoms of the effects of ample asphyxiant
gases are rapid respiration and air hunger, diminished mental alertness, and impaired mntmlar coordination. Continuing lade of oxygen
causes faulty judgment, depression of all sensations, rapid fatigue, and emotional instability. As the asphyxia conti
ing; prostration; loss of mmnmmns; and, finally, convulsions; deep coma; and death en occur. Chronic Effects; None reported.
FIRST AID: Inhalation. Would-be rescam need to be conciaj^ about their own s^

«M m that they ean mmnofi «Hi«finn«l h»lp if it K ti^HftH ggtnrw* rtv erpwd pgrtaa tn frerii «ir; rMtnng Mutter tujy^fl

his or her breathing as needed. Have qualified medical personnel «^»>Hin-«t^ oxygen as required. Comments: The extreme flaaonabOIty
of isobutylene gas warrants special attention even during rescue operations. Rescue personnel must not smoke. All emergency lamps and
floodlights that must be lowered into enclosed areas for rescue operations most be explosion proof. Obtain (his equipment before any
emergency ocean and make it accessible to emergency-response personnel Get medical help (In plant, paramedic, community) for
all exposures. Seek prompt medical assistance for further treatment, observation, and support after first aid.

SECTION 7^SPILLPLEAKPAND^DISPOSAI^PRQGEDUR£S
Spill/Leak: Treat any isobtuyUne gas leak at an emerf cncy. If the leaking gas has not yet ignited, use water spray to direct flammable gas-
air mixtures away from sources of ignition. Extinguish all sources of ignition as quickly as possible; however, if me leaking gas is burning,
An not attempt tn ertrnpiitft thg q«mgt nntil the tnurm of the fcnhmylgne g« i« located «ad tealeiL Qtherwm, flammable i<nhpfyl^v. g^.

to bum itself out. If it is necessary to extinguish isobutylene flames in order to gain access to a ihutofT valve, use dry chemical or carbon
dioxide as extinguishing agents. Waste Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow
Federal, state, and local regulations.
OSHA Designations
Air Contaminant (29 CFR 19 10.1000 Subpart Z): Not Listed
EPA Designations (40 CFR3M.4): Not Listed

SECTION 8. SPECIAL PROTECTION INFORMATION
lesplraton Follow OSHA respirator regulations (29 CFR 1910.134). For emergency c*ncw)utinee?eniioos (leaks or cleaning reactor

vessels and storage tanks), wear an SCB A. Warning: Air-purifying respirators will not protect workers in oxygen-deficient atmospheres,
""hicn lack warning properties; to work in them safely requires that an SCB A be worn. Ventilation: Install and operate general and local

iximnm, explosion-proof ventilation systems powerful enough to maintain airborne levels of ibis material below the lower explosive limit
'ted in section 4. Local exhaust ventilation is preferred because it prevents dispersion of the "*"""'"•"' into the general work area by

ning it at its source. Consult the latest edition of Genium reference 103 for detailed recommendations. Safety Stations: Make emer-
gency eyewash stations, safety/quick-drench showers, and washing facilities available in work areas. Contaminated Equipment: Contact
leases pose a special hazard; soft lenses may absorb irritants, and all lenses concentrate them. Do not wear contact tenses in any work area.
Comments: Practice good personal hygiene; always wash thoroughly after using (his material and before eating, drinking, smoking, using
the toilet, or applying cosmetics. Keep it off your clothing and equipment. Avoid transferring it from your hands to your mouth whfle eating,
drinking, or smoking. Do not eat, drink, or smoke in any work area. Do not inhale isobutylene vi

SECTION 9.: SPECIAL; PRECAUTIONS/ AND COMMENTS
Storage/Segregation: Store isobutylene in closed, pressurized containers in a cool, dry, well-ventilated area away from sources of ignition,
combustible materials, and strong oxidizes. Protect containers from physical damage. Engineering Controls: Make sure all engineering
systems (production, transportation) are of maximum explosion-proof design. Electrically ground and bond all containers, pipelines, etc,
used in shipping, transferring, reacting, production, and sampling operations to prevent static sparks. Comments: Isobutylene is an
extremely explosive and flammable gas. It must not be exposed to any possible source of ignition in work or storage areas.
Transportation Data (49 CFR 172,101-2)

DOT Shipping Name: Liquefied Petroleum Gas
DOT Hazard 01* T«? Flammable Gas
IDNO.UN10S5
DOT Label: Flammable Gas
DOT Packaging Requirements: 49 CFR 173.304. .314,315
DOT Packaging Exceptions: 49 CFR 173 JOS

IMO Shipping Name: bobutylene
IMO Hazard Class: 2.1
IMO Label: Flammable Gas

•trences 1,6.84-94,116.117.120.122.
m to OK mrtjMiCr «f li/onadoa battu for puictutefi pupom

teeaafHj (nmfancc't itipo«B'hiTRy.Thin.funi. iBhoath i«i«OMbl«c»»h«
bees ukcm i* <t» ptpmiM «f weft afttamum, Gtmiua PuMfahUt Corp.

w to ma •eatnej or «utibitty of we* at onoMiot for ifpOaOo* la
patduaa'* ieuaiat furpo** at formninqnriru of <a utc.

Prepared by PJIgoe,BS

Industrial Hygiene Review: DJ Wilson, CIH

Medical Review: W SHverman. MT>



American Burdick & Jackson
Material Safety Data Sheet

m^ 312/9/3-3600 (American Scientific ProoucgJ

» «oo/<2»-«300
616/726-3171 (American Burtfick £• Jackson]

Pefltane

Aliphatic Hydrocarbon
n-Pentane

Flammable Liquid
UN T 265 108-66-0

0. PhfsicaJ and Cteoucai Data,
-123-7«C

<20mmHq
TOO 20*C 0.626

Not expected to occur.

MATERIAL SAFETY
DATA SHET

PENTANE

(BuAc=U ca 2S

Clear, colorless liquid with a mild hydrocarbon odor.
Hot, tow ks» open open containers, jod poor
ventilation.

Strong on'diziiKi agents.

Incomotete combustion can generate carbon monoxide
and other toxic vaoors.

OL fire and
.dot

iaar%(>r«tt0
Eaton barm

:to*erfa

fTao cfosed cuo) Z36°C

Very volatile and extremely flammable.

Carton dioxide, dry chemical or foam.

Water win not be effective in extinouishinq a fire and
mav spread it. but a water spray can be used to cool
exposed containers. Wear fall protective dothing and
self-contained breathing apparatus. Heat will build prey

n/ uliu H-
sure and

ruPture closed storage containers.

Pentane ca 100 nv 600 pom ^ 109-66-0

American Bonfidc & Jackson's nrcrfamirr -DK
E2SGf OK 43R OflTCflC. A00ldil BtfQCX • JUOCSOfl flQB

is Mzwy *•" 0 *MHBM «se. oic omoufls sste
^S ^0 OlC
and OK pnmc's NO reorestBQdoas or wamnnei -ic>

UMXLfTY OR flESPOMSiaRjTY r nm ne «e o». or raanc man. o«s



.-V.. Health Hazards

Occupation^/ Fxj}<5?«Jre Li

OSHA '.8-hour PEL
Ceiling
Peak

ACCIH TLV-TWA
TLV-STEL
(I5-min)

NIOSH TLV-TWA
TLV-C

; rV;^-

tails. CorieentratioflJmmedtatelv Oann.M.^

- .1 000 ppm
- not listed
- not listed

- 600 ppm
- 750 ppm

- T20 ppm
-. 610 ppm

..>>'- Vrto Health
. •»!.'-.

OSHA/NIOSH. 5,000 ppm

NIOSH
OHS
NSC

Odor Threshold

2_2 ppm
10 ppm
not listed

i ...

Primary Routes of Entry

Pentane may exert its effects through inhalation, skin absorption, and ingestion.

Industrial Exposure: Route of Exposure/STons and Svmotoms

Inhalation:

Eye Contact:

Skin Contact:

Ingestion:

Exposure can cause dizziness, headache, nausea, and narcosis.

Liquid and high vapor concentration can be irritating.

Prolonged or repeated skin contact can cause irritation and
dermatitis through defatting of skin.

Can cause gastrointestinal tract discomfort.

Effects of Overexposure

Pentane is a mild eye and mucous membrane irritant, primary skin irritant, and central
nervous system depressant. Acute exposure irritates the eyes and respiratory tract.
Extreme concentrations can produce drowsiness and other signs of narcosis. Chronic
exposure can cause dermatitis.

Medical Condition Aggravated bv Exposure

Preclude from exposure those individuals susceptible to dermatitis.



First Aid„

Inhalation:
-

Immediately remove to fresh air. If not breathing, administer
mouth-to-mouth rescue breathing.-' If there is no pulse administer
carolopuinwnary resuscitation T -{CPRJ. Contact physician
immediately. -- -••-»

Eye Contact:

Skin Contact:

Rinse with copious amounts of water for at least IS minutes.
emergency medical assistance. ' .

Get

Ingestiom

Flush thoroughly for at least IS minutes. Wash affected skin
with soap and water. Remove contaminated dothing and shoes.
Wash clothing before re-use, and discard contaminated shoes. Get
emergency medical assistance.

Call local. Poison Control Center for assistance. Contact physician
immediately. Aspiration Hazard - Do-not induce vomiting.

VL Safety Mi-» WITT T and Equipment.

Ventilation:

Respiratory:

Eyes:

Adequate ventilation is required to protect personnel from exposure
to chemical vapors exceeding the PEL and to minimize fire hazards.
The choice of ventilation equipment, either local or general, will
depend on the conditions of use, quantity of material, and other
operating parameters.

Use approved respirator
manufacturer's recommendations

quip t. Follow NIOSH and equipment
to determine appropriate

equipment (air-purifying, air-supplied, or self-contained breathing
apparatus}.

Safety glasses are considered minimum protection. Goggles or
face shield may be necessary depending on quantity of material
and conditions of use.

Skin: mmended. The choice
and other user

Protective gloves and clothing are re
of material must be based on chemical resistan
requirements. Generally, neoprene or 8una-N offers acceptable
chemical resistance. Individuals who are acutely and specifically
sensitive to pentane may require additional protective equipment.



*••'.•

Storage: Pentane should be. protected <from temperature extremes and
direct sunlight. Proper storage of pentane must be determined
based on other materials stored and their hazards and potential
chemical.' incompatibility, In general, pentane should be stored
in an acceptably protected and'secure flammable liquid storage
room. . ;'. .

Other: Emergency eye wash fountains and safety showers should be
available in the vicinity of any potential exposure. Ground and
bond metal containers to minimize static sparks.

VIL Spill and Disposal Data.

Spill Control: Protect from ignition. Wear protective clothing and use approved
respirator equipment. Absorb spilled material in an 'absorbent
recommended for solvent spills and remove to a safe location
for disposal by approved methods. If released to the environment,
comply with all regulatory notification requirements.

Waste Disposal: Dispose of pentane as an EPA hazardous waste. Hazardous waste
number: OOOlOgnitableJ.

Revision Date: 6/85

ca Approximately STEL Short Term Exposure Level
na Not applicable TLV Threshold Limit Value
C Ceiling TWA Time Weighted Average
PEL Permissable Exposure Level 8uAc Butyl Acetate

NSC National Safety Council ("Fundamentals of Industrial Hygiene", 1383)
OHS Occupational Health Services.("Hazardline")



ATTACHMENT 4
Table 1

FIT SOIL SAMPLE RESULTS
Carter-Lee Lumber

Indianapolis, Indiana

CtMmieal

ORGANICS ug/kg

Acenaphinytene

Antmcene
Benzo(a]anihracene
Benzo{aW)p«Ytene
B«ruu(b]luu(antnene
oeiuo{K]iuoraninene
Benzo(a]pyrene
2-euanone (MEK)

3iyrsene
MuuUjAaAiL

Diethyiphthatato
D^n-8uty«ptthstat«

Ruorena
nano|i A9-oo)pyrvia
2 Uatttylnaprthatorn

NapKNfcnt
wnafwwvie

Pyran.

TflCWnOWMI

Taiiacnofuwiene
Tduane

MORGAMCSmg/kg
Aluninum

/Adniiunt
«Ivoflniuni (total)

Cyanbe
Iran

••efcury (nafgaracj

FTT SAMPLE RESULTS

Sample location

SX-l

48J

1.6J

1.5J

2110

40

8.2

307

22

O

33000;
37

1100

88

7.6

231

SX-2

140J

390J

2100

940

2600

2100

1600

1300

1SOJ

78J

4100

3000
21 OJ

940

120J

6SJ

2400

3100
2.6J
?9J

1.7J

3820

33
4

197

3SJ

O95

87300

137;

800

0.17|

65 j

96

SX-3

27

280

180

320J

1AJ

2240

34|

5.7!

304J

»l

**149000

27j

919
a067

92

&3

36

SX-4

27

3400

81J

2.6J

2370

36

7

319

24

0^5

132000

25

1030
0.061

121

26

SX-5

46J

220J

960

360J

650

740

600

1500

90J

47J.
1500

^4J

Hi.ij
3160J

11

33

93

0.56

351

89

S&LNGESTTONCfVTEFUA

Occup. Exposure (b)
Cancer

10-6 risk

987

987

987

987

987

987

987

520000

112000

3,27

1

/

I

i
!

1

Non-cancer
risk

19WatVafV1

613000000

102000000

204000000
81800000

81800000

8180000

61300000

613

1020

20400003

75600

40900

204000

613

40900

6130

409000

CMkJ Reskl Exposure (c)
Cancer
10-6 risk

15

15
157

15
157

157

157

83001

17900

0.521

Non-cancer
risk

4690000
23500000

391 (XXX
v1

62600000

7820000

3130000

3130000

313000

2350000

156000C
V

23.5

39.1

782008

2890

1560

7820
23.5

1560

235

15600
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APPENDIX E
SPECIAL ANALYTICAL SERVICES PROTOCOLS
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U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee - Lumber Site

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 886-2720

D. Date of Request: 8/28/92

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of total dissolved solids (TDS) in monitoring well
water samples. Results are reported as mg/1 dissolved
solids.

2. Definition and number of work units involved (specify
whether whole samples or fractions; whether organics or
inorganics; whether aqueous or Soil and sediments; and whether
low, medium, or high concentrations):

29 aqueous samples will be collected during each sampling
event. The aqueous samples will contain medium to high
concentration of TDS.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund Remedial



4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Sample results will be required 14 days after sample
receipt.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

EPA Method 160.1, Filterable Residue, or "Standard Methods"
Method 209B.

Samples will be kept at 4° c until sample analysis and
validation of results.

Holding time is 7 days from date of sample collection.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

Use standard aliquots of 100 ml; however, do not use
aliquots yielding more than 200 mg residue. If residue is
greater than 200 mg, repeat the analysis using a smaller
aliquot.

If the pH value is less than 4.0, raise the pH of the
aliquot, with NaOH titrant, to between a pH of 4 and 8, and
subtract the weight of sodium added from the weight of the
residue.

Residue will be weighted to constant weight pursuant to
Section 7.6 of Method 160.1 (weight loss is less than 0.5 mg
or less than 4% weight loss from previous loss). Constant
weights will also be obtainable on a single weight basis if
the sample is dried for a minimum of 12 hours. The final
weight is to be used for calculations.



9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). I* not completed, format of results will be left to
program discretion.

Bench records of tare weights, final weights, additional
weights to determine constant weights, volumes filtered,
blanks, and duplicate samples will be provided with copies
of work sheets used to calculate results. Dates and times
of when the following tasks are preformed will be recorded
as part of the bench record:

* determination of tare weights,

* sample filtration,

* determination of constant weights.

* determination of residue weights.

Expedited (priority l) validation is required upon completion of
the 2-week turnaround time.

10. Other (use additional sheets or attach supplementary
information, as needed):

11. of sampling/shipping contact: David Shekoski
Phone: (414) 272-2426

DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+/- % or cone.)

TDS 20 mg/1 Difference in duplicate sample
aliquots shall not exceed 2 mg
for residues. Duplicate
differences shall not exceed 10%
for sample values greater than
200 mg/1



II. QUALITY CONTROL REQUIREMENTS

Audits Required

Lab Duplicate

Lab Blanks (100 ml of
filtered reagent
water)

Frequency of
Audits

At least 1 per
group of 10 or
fewer samples

At least 1 per
group of 10 or
fewer samples

Limits*
(±% or cone)

± (10% or 2 mg
residue

- 20 mg/1 to
+ 20 mg/1

* See Section III

III. Action required if Limits are Exceeded:

Take corrective action and retest samples, contact the Jan
Pels at (312) 353-2720 for problems that might result in the
delay of reporting sample results.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, carter Lee Lumber

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of soils by Cation-Exchange capacity — Method 9081
of EPA Test Methods for Evaluating Solid Waste (SW-846),
September 1986.

2. Definition and number of work units involved (specify
whether whole samples or fractions; whether organics or
inorganics; whether aqueous or Soil and sediments; and
whether low, medium, or high concentrations):

Seven low level soil samples will be collected in Phase I.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund enforcement



4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

Cation-Exchange Capacity of Soils (Sodium Acetate),
SW846 Method 9081.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.): The pH of the IN Sodium Acetate (NaOAc)
solution should be 8.2+0.05. If required, add a few drops
of NaOAc or NaOH to bring the reaction of the solution to
within the proper pH range.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Raw data, calculations, data sheets, duplicate results,
chain of custody forms, SAS packing lists, and SAS request
forms.

The analytical results should be reported on a dry weight
basis.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.

10. Other (use additional sheets or attach supplementary
information, as needed):



11. Name of sampling/shipping contact:

David Shekoski Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter

Cation Exchange
Capacity

Detection Limit

1 meq/gr

Precision Desired
(+/- % or cone.)

Difference in
duplicate results
should not exceed
±25% for concen-
trations > 20 meq/gr
or 5 meq/gr for
concentrations < 20
meq/gr.

II. QUALITY CONTROL REQUIREMENTS

Audits Required

Laboratory
Blank

Frequency of Audits

Minimum of one per
batch of 10 savples

Limits*
(+% or cone.)

None Specified

Laboratory
Duplicate

Minimum of one per
batch of 10 samples

See precision as
defined in data
requirements.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples — contact Jan Pels
(3121-353-2720.

Please return tnis request to the Sample Management office as
soon as possible to expedite processing of your request for
special analytical services, should you have any questions or
need any assistance, please call the sample Management Office.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V/CH2M HILL - Carter-Lee

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:
The following parameters require analysis by the
conventional SOWs (SOW/OLM01.1 for organics and SOW/ILM01.0
for inorganics), but with the results provided within two
weeks of sample receipt.

Low level TCL volatile organic analysis
TCL semivolatile organic analysis
TCL Pesticides/PCBs
TAL Metals analysis

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low, medium,
or high concentrations):

Phase I
38 soils for VOA, SVOA, Pesticides/PCBs, and Metals analyses
11 waters for VOA, SVOA, Pesticides/PCBs, and Metals
analyses
5 waters (trip blanks) for VOA only



Phase II
41 soils for VOA, SVGA, Pesticides/PCBs, and Metals analyses
32 waters for VOA, SVGA, Pesticides/PCBs, and Metals
analyses
10 waters (trip blanks) for VOA only

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund Enforcement

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipments by overnight carrier.

6. Approximate number of days results required after lab receipt
of samples:

The laboratory will be required to provide results within 14 days
of receipt of the samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

The SOH/OLMOl.l for organics and SOW/IUfOl.O for inorganics are
to be followed for these analyses.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

None

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

As specified in the Statement of Works.

Expedited (priority 1) validation is required upon completion of
the 2-week turnaround time.



10. Other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact:

David Shekoski Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+/- % or cone.)

As required by appropriate Statement of Works.

II. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits*
(+/- % or cone.)

As required by the appropriate Statement of Works.

III. Action Required if Limits are Exceeded:

Contact Jan Pels/QAS at (312) 353-2720.

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management Office.



U.S. Environmental Protection Agency 8A8 Number
CLP Sample Management Office [ ]
P.O. Box SIS, Alexandria, Virginia 22313
PHOWE: (703) SS7-24tO

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Transmittal [ ]Telephone Request

A. BPA Region and Client: Region V/CH2M HILL

B. Regional Representative: Jan Pels

c. Telephone Number: (312) 353-2720

D. Date of Request:

B. Site Name: Carter Lee Lumber

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of soil samples by Total Porosity — Methods of
Soil Analysis, Section 18-2, 1986.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; medium, or high
concentrations):

Ten low level soil samples will be collected in Phase II.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDBS, ETC.):

Superfund enforcement



4. Estimated data(a) of collection:.

5. Estimated data(s) and method of shipment:

Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab receipt
of samples:

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

Total Porosity, Methods of Soil Analysis, Section 18-2,
1986. (Attachment 1)

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

The soils must be oven dried.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Raw data, calculations, data sheets, duplicate results,
chain of custody forms, SAS packing lists, and SAS request
forms.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.

10. other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact: David Shekoski
Phone: (414) 272-2426



Z. DATA REQin

Parameter Detection Limit Precision Desired
(+/- % or cone.)

Porosity 1 Mg/m"J ±20%

ZZ. QOALZTY COVTROL RBQU1

Audit* Required Frequency of Audits Limits*
(+/- % or cone.)

Laboratory Minimum of one per ±20%
Duplicate batch of ten samples

Laboratory Minimum of one per 75 - 125%
Control Sample batch of ten samples

ZZZ. ACTXOM REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples ~ contact Jan Pels
353-2720.

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management office.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis for hardness in monitoring well samples. Results
will be reported in mg/L as CaCO3.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low,
medium, or high concentrations):

During Phase II twenty nine aqueous samples will be
collected containing low concentrations of hardness.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund - Enforcement

4. Estimated date(s) of collection: .

1



5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipment by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Laboratory should report results within 14 days of receipt

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

EPA method 130.1, Hardness, Total as CaCo,. This is an EDTA
colorimetric procedure.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

Samples should be preserved with HNOj to a pH of <2 and
stored at 4«C until the time of analysis. Pretreatment of
the samples includes neutralizing 50.0 ml of the sample with
IN ammonium hydroxide (note volume of NH4OH used). Any
remaining sample should be stored in the same manner until
the validation and the acceptance of the sample result.

Sample holding time is 14 days from date of collection.

Use inhibitors as necessary.

In order to avoid large titration volumes, sample volumes
should be adjusted as to not contain more than 25 mg CaCOj.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Bench records that clearly and legibly show the order of;
EDTA titrant standardization, lab blanks, samples, lab
control standards, and lab duplicates. In order to be able
to reproduce the calculated hardness results, these bench
records should also show sample volumes, titrant volumes,
and the normality of the titrant.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.



10. Other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact: David Shekoski
Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter Detection
Limit

Precision Desired
(+/- % or cone.)

Hardness 3 mg/1 as
CaCo,

Difference in duplicate results
should not exceed ± 10 % for
concentrations > 10 mg.l or 2 mg/1
for concentrations less than 10
mg/1

II. QUALITY CONTROL REQUIREMENTS

Audits Required

Lab Blank

Lab Duplicate

Matrix Spike

Frequency of
Audits

At least 1 per
group of 10 or
fewer samples

At least 1 per
group of 10 or
fewer samples

1 per group of
20 or fewer
samples

Limits*
(±% or cone)

< 2.0 mg/1

± (10% or 2.0
mg.l)

75-125%

* See Section III

III. Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples - Contact Jan
Pels (3121 353-2720.

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management Office.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720
D. Date of Request: 9/1/92

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of chloride in monitoring well water samples.
Results are reported in mg/1 chloride.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low,
medium, or high concentrations):

During Phase II, twenty nine aqueous samples will be
collected containing low concentrations of chloride.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund - Enforcement

4. Estimated date(s) of collection: .

5. Estimated date(s) and method of shipment:

l



Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

1. EPA Method 325.1 (Colorimetric, Automated
Ferricyanide, AA-I) 1983 ed., or

2. EPA Method 325.2 (Colorimetric, Automated
Ferricyanide, AA-II) 1983 ed., or

3. SW-846 Method 9252 (Titrimetric, mercuric nitrate)
1986 ed.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

Samples should be stored at 4OC until the time of analysis.
Any remaining sample should be stored in the same manner
until the validation and the acceptance of the sample
result.

Sample holding time is 28 days from date of collection.

Colorimetric Procedurest
1. Use a standard curve between 0 and 200 mg/1 or less.

2. The calibration curve should include 5 points or more
(including a zero concentration standard).

3. Samples with absorbance or peak heights greater than
the highest standard must be diluted and reanalyzed.

Titrimetric procedure;
1. Standardize the mercuric nitrate titrant as described

in the method.

2. Avoid diluting the samples, instead titrate with a
weaker, standardized, mercuric nitrate titrant
solution.

3. Chrornate, free sulfite, and free iron are not expected

2



to be in the water samples. Follow the procedures
described in step 7.6.1.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

The test procedure used will be clearly identified. Bench
records tabulating order of calibration standards,
verification and control standards, samples, matrix spikes,
titrant blanks, etc. with resulting peak height, titrant
volumes, concentrations, or absorbance read-outs will be
provided with copies of work sheets used to calculate
results. A photocopy of instrument readouts (i.e., strip
charts, printer tapes, etc.), must be included for all
analysis. All records of analysis and calculation must be
legible and sufficient to recalculate all sample
concentrations and QA audit results.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.

10. Other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact:

David Shekoski Phone: (414) 272-2426



I. DATA REQUIREMENTS

Parameter Detection
Limit

Precision Desired
(± % or cone.)

Chloride 3-5 mg/1 Difference in duplicate sample
results are to be < 3 mg/1 for
concentrations <50 mg.l and are
to be <10% for concentrations
exceeding 50 mg/1. The
significant figures to report
depends on sensitivity of
colorimetric curve or the number
of significant figures in titrant
volume.

II. QUALITY CONTROL REQUIREMENTS

Audits Required

Matrix Spike**

Lab Duplicate

Lab Blank

Calibration
Verification Std.

* See Section II]

Frequency of Audits

1 per group of 20
or fewer samples

1 per group of 10
or fewer samples

1 per group of 10
or fewer samples

1 per group of 10
or fewer samples

Limits*
(± % or cone.)

85-115% Recovery

± (10% or 5 mg/1)

< 5 mg/1

90-110% Recovery

** Matrix spike concentrations will be greater than 30% of
the sample concentration, but spiked sample shall not exceed
the working range of the standard curve or titration.

III. Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples - Contact Jan
Pels (312) 353-2720

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management Office.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of soils by Toxicity Characteristic Leaching
Procedure (TCLP) — Method 1311 of Federal Register June 29,
1990 for the _eight regulated metals. TCLP sample extracts
must be prepared within 28 days of the date of sample
collection for Hg and 180 days for all other metals. Use a
minimum sample aliquot of TCLP extract to determine
compliance with TCLP regulatory levels.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low,
medium, or high concentrations):

Ten low concentration soil samples will be collected during
the Phase II sampling event.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):



Superfund enforcement.

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipment by overnight
carrier.

6. Approximate number of days results required after lab receipt
of samples:

Samples must be extracted within 28 days of collection for
Hg and within 180 days for all other metals; TCLP extracts
must be analyzed within 28 days of extraction for Hg. Data
package due 14 days of receipt of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

Method 1311 of Federal Register - June 29, 1990 for
extraction. CLP SOW 7/88 or ILM01 for analysis of extracts
with modifications of Attachment I and Table 1.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

See Attachment I and Table 1. Soils will be collected in 1-
liter wide-mouth glass jars for metals. Samplers are
instructed to add only soil. It interstitial water is
present on arrival the laboratory, please remix water with
soil prior to initiation of Method 1311. Standardize the
acetic acid solutions (Section 5.7.2), and the IN HCl
(Section 5.3) by titrating with standard 0.1N NaOH before
use. Must be within ± 5% of required value.

Analysis of diluted TCLP extract will be done using SOW 7/88
or ILM01 and QC requirements of Attachment II. CASE
NARRATIVE MUST DISCUSS ANY SAMPLE PROBLEMS.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Attachment I and Method 1311 provide information for
extraction. Use SOW 7/88 or ILM01 for providing Table 1
constituents. Separate Form I's are to be provided for



Table 1 constituents and for Table 1 constituents corrected
will also include extraction information of Items "a"
through "e" and Item "g" of Attachment I.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.

10. Other (use additional sheets or attach supplementary
information, as needed):

Data rejection and non payment will be recommended if the
laboratory does not follow the methods referenced in this
SAS. Lab must submit all original field documentation
(COCs, tags, SAS PLs, etc.) and originals for data to the
Region in the time frame referenced in Section 6 of this SAS
(analogous to a RAS-CSF).

11. N

I.

of sampling/shipping contact: David Shekoski

Phone: (414) 272-2426

DATA REQUIREMENTS

Table l
All ICP measure-
ments of SOW 7/88
or ILM01 are to
be included but
remaining TALs need
not be reported.

Detection Limit

•ee Table l

Duplicate
Precision
(±% or Gone.)

Use ±25%
difference(advisory
for TALS)



II. QUALITY CONTROL REQUIREMENTS

Audits Required

TCLP Extraction

Preparation Blank
for Extract Fluid #1
(see 7.1.4.4 of Method
1311)

Prep. Blk. for Extract
Fluid #2, if necessary

Analysis of TLCP Extracts

Preparation blank for
TCLP Extract
Determinations

MS/MSD
(See Table 1)

All other QC audits per
SOW 7/88 or ILM01

Frequency of
Audits

Each set of
solid samples

Same

Per
appropriate
SOW and set-up
with each TCLP
extract batch

See Table 1
(required for
inorganics)
1 for each set
of 8 sample
extracts.

Per SOW 7/88
or ILM01

Limits*
(±% or cone)

<5% of Regulatory
levels of Table
1. Discuss in
case narrative if
larger than CRDLs
of SOW.

Same

CRDL of
appropriate
SOW for Table l
constituents.

Advisory - used
to correct TCLP
values recovery.
See Note 1 of
Table l. RPD
< 20% (MS/MSD)

Per SOW 7/88 or
per ILM01

III. Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples - Contact Jan
Pels (312) 353-2720. Reanalysis of TCLP extracts may be
necessary per requirements of Note 1 to Table 1.

Please return this request to the Sample Management Office (SMO)
as soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the SMO.



TCLP Extraction will be done by Federal Register of June 29, 1990
(attached) including bottle extraction for metals. Samples will
be wet soils or sediments; therefore, the filtration procedure
(Section 7.1.1.7 of attached procedure) may produce interstitial
water. Also any water collecting on top of sediment or soil is
not to be discarded, but mixed with sample prior to filtration or
% solid determination (Section 7.1.1). TCLP Extracts may be a
combination of liquid filtrate and solid TCLP extracts (see
Sections 7.2.13.2 and 7.3.14) but will depend on the physical
nature of the soils collected. Particle size reduction is not
expected to be necessary for these soils. Sample preparation
logs will be needed to record all required information of Method
1311 including (but not limited to):

a. Height(s) of extracted samples (lOOg minimum aliquot size is
required for 100% solids content) and volume of any filtrate
(Sections 7.2.2 and 7.2.5).

b. Preliminary evaluations of percent solids.
c. pH data for selection of Extraction Fluid #1 or

(Section 7.1.4.2).
d. Dates of each preparation step, with associated weights and

measured volumes.
e. pH value of final TCLP extract (Section 7.2.14)
f. Holding times (Section 7.4) are to be met and are to be

counted from the date of collection.
g. Record HC1 normality (Section 5.3) and acetic acid normality

(Section 5.7.2) (SAS par. 8) and measured pH of Extraction
fluids(Section 5.7.1 and 5.7.2). Record dates of each of
required measurements.

h. Standardization of Hydrochloric acid and acetic acid for
Extraction Fluid /I and Extraction Fluid /2.
1. The 1 M HC1 can be and will be standardized to 1.0 fi

HC1 ± 5%.
2. The pH of Extraction Fluid #1 will be 4.93 ± 0.05. No

Standardization of acetic acid can be done - See
Section 5.7.1 of Method in Federal Register 6-29-90.

3. The pH of Extraction Fluid #2 will be 2.88 ± 0.05.
Standardization of acetic acid is not mandatory but
will be done for informational purposes (Optional) and
will be compared to theoretical value of 5.7 ml.
glacial acetic acid diluted to 1 liter. Titration of
acetic acid normality can not be used for contract
compliance purposes if correct pH value is obtained
(2.88).

i. TCLP combined extract aliquots will be acidified for
subsequent metals analysis (Section 7.2.14).

ITEMS "a" - "e" AND ITEM "g" MUST BE A PART OF FORM I REPORT.



Analysis of TCLP extracts will be done to determine compliance
with Regulatory Levels using minimum sample aliquot volumes
necessary for this purpose.

DETERMINATION SAMPLE ALIQUOT FINAL VOLUME TAKEN FOR
(•1) (•!•) SOW ANALYSIS AFTER

DILUTION OF SAMPLE
ALIQUOT

Metals (ICP) 10 100

Metals (GFAA) 10 100

Hg (CVAA) 5 100

Sample aliquot sizes are to be minimized, as above, to alleviate
interferences from acetic acid/acetate buffer, to provide CRQLs
that are 10-20% of Regulatory Levels, and to expand the working
concentration range of the test procedures.

All constituents of Table 1 are required to be determined and
reported for TCLP extracts. Remaining TALs of 7/88 or ILM01 are
not required , except that all ICP emission spectroscopy
measurements required by SOW 7/88 or ILM01 are to be made and
included in raw data. A matrix spike (MS)/matrix spike duplicate
(MSD) for all constituents in Table 1 will be prepared and
determined using one of the TCLP soil extracts. The same extract
need not be used for all analyses (ICP, GFAA, or CVA).

MS/MSD results are advisory and used for calculation purposes.



TCLP

CONTAMINANT
METALS
(SOW 7/88
or ILM01)

AS (GFAA)

Ba (ICP)

Cd (ICP)

Cr (ICP)

Pb (ICP
or GFAA)

Hg (CVAA)

Se (GFAA)

Ag (ICP)

OBITS TO BB DB CMBD BY METHOD 1311,
LEVELS, SAMPLE ALIQUOT VOLUMES TO BB USED,

AMD MS/MSD LEVELS AMD CRQLS TO BB USED
PXMAL DILUTED SAMPLE ALIQUOT8 (100 ml)*

REGULATORY
LEVEL
(ug/L)

5,000

100,000

1,000

5,000

5,000

200

1,000

5,000

SAMPLE
ALIQUOT
VOLUME
ml

10

10

10

10

10

500

10,000

100

500

500

5 10

10 100

10 500

MS/MSD CRQL
LEVEL IN FINAL
IN FINAL ALIQUOT
ALIQUOT DILUTION
(ug/L) (ug/L)

50

1,000

10

50

50

0.5

10

50

*NOTE: TCLP Extraction of June 29, 1990 requires correction of
constituent values for matrix spike recoveries. See Section 8.2
of Method 1311 of Federal Register June 29, 1990.

The average MS/MSD recovery developed for 1 of the soil extracts
will be applied to all of the soil extracts. It is not expected
that the samples will provide TCLP values that will exceed
Regulatory Levels; however, there is a finite chance that this
will occur.

If any on TCLP analyte in an extract exceeds Regulatory Levels,
the extracts reanalysis is unnecessary using a Regulatory Matrix
Spike concentration (see Section 8.2 of Method 1311).

If the concentration of the analyte after correction for the
matrix spike recovery is > 10% of but less than the regulatory
level, the TCLP extract must be reextracted using a smaller
aliquot and spiked at the regulatory level such that the native
analyte is at approximately the regulatory level.

If sample concentrations exceed the calibration range, sample
must be diluted to fall within the calibration range.



U.S. Environmental Protection Agency 8AS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Tranamittal [ ]Telephone Request

A. EPA Region and Client: Region V/CH2M HILL

B. Regional Representative: Jan Pels

C. Telephone Number: (312) 353-2720

D. Date of Request:

E. Site Name: Carter Lee Lumber

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of 10 soil samples for grain size, Atterberg
limits, soil moisture, and unit weight (bulk density) by the
methods listed in Section 7.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; medium, or high
concentrations):

During Phase II, 10 low concentration soil samples will be
collected for the parameters listed in Section 1.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund - Enforcement



4. Estimated data(a) of collection:

5. Estimated data(s) and method of shipment:

Daily by overnight carrier

«. Approximate number of days results required after lab receipt
of samples*

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program)t

Grain Size- Analysis by ASTM D 422-63,(Attachment 5) with
required "Dry Preparation of Soils ...", ASTM D 421
(Attachment 4), and Sieve Accuracy Testing, Chapter 3
from "Procedures in Sediment Petrology" (Attachment 3).

Atterberg Limits- ASTM D 4318-84 (Attachment 6). The
laboratory will select the preparation procedure (A,B,C, or
D) based on the characteristics of the submitted soils
samples.

Soil Moisture- ASTM D 2216-80 (Attachment 7)

Unit Height (bulk density)- The core method from Section 13-
2, Methods for Soil Analysis. Chapter 13 is attached.
(Attachment 8)

•. Special technical instructions (if outside protocol
requirements, specify compound names, CAfl numbers, detection
limits, etc.):

Grain Size-See Attachment 2

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Cnain-of Custody documentation,
etc.)* If not completed, format of results will be left to
program discretion.

Raw data, calculations, data sheets, duplicate results,
chain of custody forms, SAS packing lists, and SAS request
foi

Grain Size- Narrative description of the process used and
descriptions of problems encountered. Analyst's logbook
pages, as well as deliverables required in ASTM D 422-63,
Section IB should also be included.



Atterberg Limits- Laboratory will provide descriptions of
preparation procedure selected and of any problems
encountered.

Expedited (priority 1) validation is required upon
completion of the 2-week turnaround time.

10. Other (use Additional sheets or attach supplementary
information, as needed):

Grain Size- See Attachment 2

11. Name of sampling/shipping contact: David Shekoski

Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+/- % or cone.)

Grain Size- Must meet report requirements and data specifications
as stated in ASTM D 422-63, Section 18, page 93.

All compounds None specified +/- 30%

XI. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits*
(+/- % or cone.)

None Specified

III. ACTION REQUIRED IT LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - contact Jan Pels
353-2720. .

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the sample Management Office.
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Designation: D 2216 - 90<1
ATTACHMENT 7

AME«IC«N SOOriV FO* TESTING AND MATERIALS
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Standard Test Method for
Laboratory Determination of Water (Moisture) Content of Soil
and Rock1

This standard is issued under the Cued designation D 2216: the number immediately following the destination indicates the year of
original adoption or, in the cue of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (0 indicates an editorial change since the last revision or reapprovil.

11 NOTE—The title was corrected editorially in June 1991.

1. Scope

1.1 This test method covers the laboratory determination
of the water (moisture) content of soil, rock, and similar
materials by mass. For simplicity, the word "material"
hereinafter also refers to either soil or rock, whichever is
most applicable.

1.2 The water content of a material is defined by this
standard as the ratio, expressed as a percentage, of the mass
of "pore" or "free" water in a given mass of material to the
mass of the solid material.

1.3 The term "solid particles" as used in geotechnical
engineering is typically assumed to mean naturally occurring
mineral particles of soil and rock that are not readily soluble
in water. Therefore, the water content of materials con-
taining extraneous matter (such as cement, and the like) may
require special treatment or a qualified definition of water
content. In addition, some organic materials may be decom-
posed by oven drying at the standard drying temperature for
this method (110*C). Materials containing gypsum (calcium
sulfate dihydrate or other compounds having significant
amounts of hydrated water) may present a special problem as
this material slowly dehydrates at the standard drying
temperature (110'C) and at very low relative humidities,
forming a compornd (calcium sulfate hemihydrate) which is
not normally present in natural materials except in some
desert soils. In order to reduce the degree of dehydration of
gypsum i.: those materials containing gypsum, or to reduce
decomposition in highly organic soils, it may be desirable to
dry these materials at 60'C or in a desiccator at room
temperature. Thus, when a drying temperature is used which
is different from the standard drying temperature as defined
by this test method, the resulting water content may be
different from standard water content determined at the
standard drying temperature.

Nort: I—Test Method D2974 provides an alternate procedure Tor
determining water conient of peat materials.

1.4 Materials containing water with substantial amounts
of soluble solids (such as salt in the case of marine sediments)
when tested by this method will give a mass of solids which
includes the previously soluble solids. These materials re-

1 This method i> under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility or Subcommittee D18.03 on Texture.

Plasticity ind Density Chtracteristici of Soils.
Current edition approved Nov. 30, 1990. Published January 1991. Originally

published as D 2216 - 63 T. Last previous edition D 2216 - 80.

quire special treatment to remove or account for the
presence of precipitated solids in the dry mass of the
specimen, or a qualified definition of water content must be
used.

1.5 This test method requires several hours for proper
drying of the water content specimen. Test Method D 4643
provides for drying of the test specimen in a microwave oven
which is a shorter process.

1.6 This standard requires the drying of material in an
oven at high temperatures. If the material being dried is
contaminated with certain chemicals, health and safety
hazards can exist. Therefore, this standard should not be
used in determining the water content of contaminated soils
unless adequate health and safety precautions are taken.

1.7 This standard dots not purport to address all of the
safety problems associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D653 Terminology Relating to Soil, Rock and Contained

Fluids2

D2974 Test Methods for Moisture, Ash. and Organic
Matter of Peat and Other Organic Soils2

 :
D4220 Practice for Preserving and Transporting Soil

Samples1

D43I8 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils3

D4643 Test Method for Determination of Water
(Moisture) Content of Soil by the Microwave Oven
Method2

D47S3 Specification for Evaluating. Selecting, and Speci-
fying Balances and Scales for Use in Soil and Rock
Testing2

E 145 Specification for Gravity—Convection and
Forced—Ventilation Ovens3

3. Terminology
3.1 Refer to Terminology D 653 for standard definitions

of terms.
3.2 Description of Term Specific to Tin's Standard:

» Annual Book of ASTM Standard], Ve4 04.M.
-' Annual Bonk of ASTM Standards, Vol 14.01
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3.2.1 Merer content (oft material)—the ratio of the mass
of water contained in the pore spaces of soil or rock material.
to the solid mass of particles in that material, expressed as a
percentage.

4. S«Murv of Method
4.1 A test specimen is dried in an oven to a constant mass.

The loss of mass due to drying is considered to be water. The
water content is calculated using the mass of water and the
mass of the dry:

5. Sig«ifiau*t m*t Use
5.1 For many materials, the water content is one of the

most T*t«'*fc*1>t index properties used in establishing a
correlation between soil behavior and its properties.

5.2 The water content of a material is used in expressing
the phase relationships of air. water, and solids in a given
volume of material.

5.3 In fine-fraiaed (cohesive) sous, the consistency of a
given soil type depends on its water content The water
content of a soil, along with its liquid and plastic limits as
determined by Test Method D43I8, is used to express its
relative consistency or liquidity index

6.1 Drying Chen, thermostaiicaBy-controfled. preferably
of the forced-draft type, muting the requirements of Speci-
fication E 145 and capable of maintaining a uniform temper-
•tore of 110 ± 5"C throughout the drying chamber.

6.2 08unc0~*AD balances must meet the requirements
of Specification D4753 and this Section. A das* GPI
balance of 0.01 g readability is required for specimens having
a "«**T of up to 200 g (excluding «*»•« of specimen con-
tainer) and a Class CP2 balance of O.lg readability is
required lor specimens having a mass over 200 g.

6 J Specimen Containers—Suitable containers nude of
material '•vfip* to corrosion and p***iy in mass upon
repeated ****t*>n_ ^w?"*^ exposure to materials of varying
pH, and cleaning. Containers with close-uUiug teds shaD be
used for testing specimens having a mast of lest than about
200 g; white for specimens having a mass greater than about
200 g, containers without bds may be used. One container is
needed for each water content determination.

Non 2—The of cta*4htiiic fit* it to PKVCM \cm of

frMn tfae mnot^tttn Kfl9*iflf dfyifkf

6.4 Desiccator—A desiccator cabinet or large
jar of suitable size containing silica gd or anhydrous calcium
phosphate It b preferable to use a deskxant which changes
color to indicate h needs reconstitution. See Section 10.5.

tultae it ioU under the trade
Crime.

6.5 Container Handling Apparatus, gloves, tongs, or suit-
able holder for moving and handling hot containers after
drying,

6.6 MisceUaneous, knives, spatulas, scoops, quartering
doth, sample sputters, etc. as required.

7. Staples
7.1 Samples shall be preserved and transported in accord-

ance with Practice 4220 Groups B. G or D soils. Keep the
samples that are stored prior to testing in noncorrodible
airtight containers at a temperature between approximately 3
and 30*C and in an area that prevents direct contact with
sunlight. Disturbed samples in jars or other containers shall
be stored in such a way as to prevent or minimize moisture
condensation on the insides of the containers.

7.2 The water content determination should be done as
soon as practicable after sampling, especially if potentially
corrodible containers (such as thin-walled sted tubes, paint
cans, etc.) or plastic sample bags are used.

8. Test SacdaM*
8.1 For water contents being determined in conjunction

with another ASTM method, the specimen mass require-
ment stated in that method shall be used if one is provided. If
no minimum specimen mass is provided in that method
then the values given before shall apply.

8.2 The minimum mas* of moist material selected to be
representative of the total sample, if the total sample is not
tested by this method, shall be in accordance with the
following:

e(IOO* Stow

4.73 M
91 mm

194 •»
JlSmm
7)4 M

Non—To be

NtlO
No. 4

MM Im HM 201 mmV be wed.

8.2.1 If the total sample is used h does not have to meet
the minimum mass requirements provided in the table
above. The report shall indicate that the entire sample was
used.

8.3 Using a test specimen smaller than the minimum
indicated in 8.2 requires discretion, though h may be
adequate for the purposes of the test. Any specimen used not
meeting these requirements shall be noted in the report of
results.

8.4 When working with a small (less than 200g) specimen
containing a relatively large gravd particle, it is appropriate
not to indude this particle in the test specimen However,
any discarded material snaD vf described and nfltco in the
report of the results.

9.
9.1 When the tea

amount of material, the
is a portion of a larger

must be selected to be
condition of the entire amount of

material. The manner in wbicli the lest specimen is selected
depends on the purpose and application of the test, type of
material being tested, the water condition, and the type of
sample (from another test, bag, block, and the likes.)

9 2 For disturbed samples such as trimmings, bag sam-
ples, and the like, obtain the test specimen by one of the
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following methods (listed in order of preference):
9.2.1 If the material is such that it can be manipulated

and handled without significant moisture loss, the material
should be mixed and then reduced to the required size by
quartering or splitting.

9.2.2 If the material is such that it cannot be thoroughly
mixed and/or split, form a stockpile of the material, mixing
as much as possible. Take at least five portions of material at
random locations using a sampling tube, shovel, scoop,
trowel, or similar device appropriate to the maximum
panicle size present in the material. Combine all the portions
for the test specimen.

9.2.3 If the material or conditions are such that a stockpile
:annot be formed, take as many portions of the material as
possible at random locations that will best represent the
moisture condition. Combine all the portions for the test
specimen.

9.3 Intact samples such as block, tube, split barrel, and the
gfUke, obtain the test specimen by one of the following

methods depending on the purpose and potential use of the
sample.

9.3.1 Carefully trim at least 3 mm of material from the
outer surface of the sample to see if material is layered and to
remove material that is drier or wetter than the main portion
af the sample. Then carefully trim at least 5 mm, or a
thickness equal to the maximum particle size present, from
(he entire exposed surface or from the interval being tested.

9.3.2 Slice the sample in half. If material is layered see
Section 9.3.3. Then carefully trim at least 5 mm, or a
hickness equal to the maximum particle size present, from

the exposed surface of one half, or from the interval being
tested. Avoid any material on the edges that may be wetter or
irier than the main portion of the sample.

NOTE A—Migration of moisture in some cohesionless soils may
require that the full section be sampled.

9.3.3 If a layered material (or more than one material type
encountered), select an average specimen, or individual

imens, or both. Specimens must be properly identified as
to location, or what they represent, and appropriate remarks
:ntered on data sheets.

10. Procedure
10.1 Determine and record the mass of the clean and dry

specimen container (and its lid, if used).
10.2 Select representative test specimens in accordance

with Section 9.
10.3 Place the moist test specimen in the container and, if

used, set the lid securely in position. Determine the mass of
the container and moist material using a balance (See 6.2)
selected on the basis of the specimen mass. Record this
value.

NOTE 5—To prevent mixing of specimens and yielding of incorrect
results, all containers, and lids if used, should be numbered and the
container numbers shall be recorded on the laboratory data sheets. The
lid numbers should match the container numbers to eliminate confu-
lion.

NOTE 6—To assist in the oven-drying of large test specimens, they
should be placed in containers having a large surface area (such us pans)
and the material broken up into smaller aggregations.

10.4 Remove the lid (if used) and place the container with
moist material in the drying oven. Dry the material to a

constant mass. Maintain the drying oven at 1 10 ± S'C unless
otherwise specified (see 1.3). The time required to obtain
constant mass will vary depending on the type of material,
size of specimen, oven type and capacity, and other factors.
The influence of these factors generally can be established by
good judgment, and experience with the materials being
tested and the apparatus being used.

NOTE 7— In most cases, drying • test specimen overnight (about 12
to 16 h) is sufficient. In cases where there is doubt concerning the
adequacy of drying, drying should be continued until the change in mass
after two successive periods (greater than I h) of drying is an insignifi-
cant amount (less than about O.I %). Specimens of sand may often be
dried to constant mass in a period of about 4 h, when a forced-draft oven
is used.

NOTE 8 — Since some dry materials may absorb moisture from moist
specimens, dried specimens should be removed before placing moist
specimens in the same oven. However, this would not be applicable if
the previously dried specimens will remain in the drying oven for an
additional time period of about 16 h.

10.5 After the material has dried to constant mass remove
the container from the oven (and replace the lid if used).
Allow the material and container to cool to room tempera-
ture or until the container can be handled comfortably with
bare hands and the operation of the balance will not be
affected by convection currents and/or its being heated.

'Determine the mass of the container and oven-dried material
using the same balance as used in 10.3. Record this value.
Tight fitting lids shall be used if it appears that the specimen
is absorbing moisture from the air prior to determination of
its dry mass.

NOTE 9— Cooling in a desiccator is acceptable in place of tight fitting
lids since it greatly reduces absorption of moisture from the atmosphere
during cooling especially for containers without tight fitting lids.

II. Calculation
1 1 . 1 Calculate the water content of the material as fol-

lows:

where:
w
MM
Ma
Mc
Mw
M,

- Mr)] x 100 - -f x 100
At,

water content, %,
mass of container and wet specimen, g,
mass of container and oven dry specimen, g,
mass of container, g,
mass of water (Mw • M^ — M ,̂), g, and
mass of solid panicles (M, » M^t - Mt), g.

12. Report
12.1 The report (data sheet) shall include the following:
12.1.1 Identification of the sample (material) being tested.

such as boring number, sample number, test number,
container number etc.

12.1.2 Water content of the specimen to the nearest I %
or O.I %, as appropriate based on the minimum sample
used. If this method is used in concert with another method.
the water content of the specimen should be reported to the
value required by the test method for which the water
content is being determined.

12.1.3 Indicate if test specimen had a mass less than the
minimum indicated in 8.2.
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Standard Test Method for

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
SOILS1
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I. Scope

I. I This test method covers the determination
of the liquid limit, plastic limit, and the plasticity

index of soils as defined in Section 3.
1.1.1 Two procedures for preparing test spec-

imens and two procedures for performing the
liquid limit arc provided as follows:

A Multipoint test using a wet preparation
procedure, described in Sections IO.I, II,

and 12.
B Multipoint test using a dry preparation

procedure, described in Sections 10.2, 11,
and 12.

C One-point test using a wet preparation pro-
cedure, described in Sections 13, 14, and

15.
D One-point test using a dry preparation pro-

cedure, described in Sections 13, 14, and
15.

The procedure to be used shall be specified by
the requesting authority. If no procedure is spec-
ified, Procedure A shall be used.

NOTE I—Prior to the adoption of this test method,
a curved gnwkg tool was qtcrifkd as part of the
apparatus for performing the bqoid Gout test. The
carved tool is not considered to be as accurate as the
flat tool described ia 6.2 since it does aot control the
depth of the soil in the Iknud Gait cop. However, there
are some data which indicate that typically the liquid
limit is slightly iauuirrt when the flat tool is oscd
Mislead of the curved loot.

1.1.2 The pbstic limit test procedure is de-
scribed in Sections 16, 17, and 18. The plastic
limit test is performed on material prepared for
the liquid limit tcsL In effect, there arc two
procedures for preparing test specimens for the
plastic limit tcsL

1.1.3 The procedure for calculating the plas-
ticity index is given in Section 19.

1.2 The liquid limit and plastic limit of soils
(along with the shrinkage limit) arc often collec-
tively referred to as the Attcrbcrg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A. Attcrbcrg. These limits distinguish the
boundaries of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of mineral or organic mate-
rials, mixtures of such materials, or artificial mix-
tunes of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid limit procedure is
somewhat more time consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit In cases where Ibis is not done reliably, the
multipoint procedure b as fast as the one-point
procedure and provides additional precision due
to the information obtained from additional
trials, ft is particularly recommended that the
multipoint procedure be used by inexperienced
operators.

1.5 The correlations on whkh the calculations
of the one-point procedure arc based may not be
valid for certain soils, such as organic soils of

soils from a marine environment The liquid

'This test method a radcr nejvrisdklioii of ASTM Corn-
midce D-l I on Soil and Rock mi a te dwect responsibility of
Subcommittee Dl 1-03 on Testate. Plasticity and Density Char-
acteristics of-Soib.

Conent edition approved OcL 26.19*4. Published December
I9S4. OripoaOy pnbiished as D 43lt -13. Last previous edition
D43U-83-1.

1
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limit of these soils should therefore be deter-
mined by the multipoint procedure (Procedure
A).

1.6 The liquid and plastic limits of many soils
that have been allowed to dry before testing may
be considerably different from values obtained
on undricd samples. If the liquid and plastic
limits of soils arc used to correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permitted to
dry before testing unless data on dried samples
arc specifically desired.

1.7 The composition and concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits as well as the water
content values of soils (sec Method D22I6).
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble salt concentrations
may be present. The degree to which the salts
present in these soils arc diluted or concentrated
must be given consideration if meaningful results
arc to be obtained.

1.8 Since the tests described herein are per-
formed only or. that portion of a soil which passes
the 425-um (No. 40) sieve, the relative contri-
bution of this portion of the soil to the properties
of the sample as a whole must be considered
when using these tests to evaluate the properties
of a soil.

1.9 The values stated in acceptable metric
units arc to be regarded as the standard. The
values given in parentheses arc for information
only.

1.10 This standard may involve hazardous
materials, operations, and equipment. This
standard does not purport to address all of the
safety problems associated with its use. It is the
responsibility of whoever uses this standard to
consult and establish appropriate safety and
health practices and determine the applicability
of regulatory limitations prior to use.

2. Applicable Documents
2.1 ASTM Standards:
C 702 Methods for Reducing Field Samples of

Aggregate to Testing Size*
D 75 Practice for Sampling Aggregates1

D 420 Recommended Practice for Investigat-
ing and Sampling Soil and Rock for Engi-
neering Purposes4

04318
Q7STS10

D653 Terms and Symbols Relating to Soil
and Rock4

DI241 Specification for Materials for Soil-
Aggregate Subbnsc, Rase, and Surface
Courses4

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures'1

D 2240 Test Method for Rubber Property—
Duromctcr Hardness5

D 2487 Test Method for Classification of Soils
for tuiginccring Purposes4

D2488 Recommended Practice for Descrip-
tion of Soils (Visual-Manual Procedure)4

D 3282 Recommended Practice for Classifi-
cation of Soils and Soil-Aggregate Mixtures
for Highway Construction Purposes4

H 11 Specification for Wire-Cloth Sieves for
Testing Purposes6

H 319 Methods of Testing Single-Arm Bal-
ances6

U,S98 Method of Testing Top-Loading, Di-
rect-Reading Laboratory Scales and Bal-
ances6

3. Definitions

3.1 AllerberK limits—originally, seven "limits
of consistency" of fine-grained soils were defined
by Albert Attcrberg. In current engineering usage,
the term usually refers oniy to the liquid limit,
plastic limit, and in some references, the shrink-
age limit.

3.2 consistency— the relative case with which
a soil can be deformed.

3.3 liquid limit (LL)—thc water Content, in
percent, of a soil at the arbitrarily defined bound-
ary between the liquid and plastic.states: This
water content is defined as the water content at
which a pat of soil placed in a standard cup and
cut by a groove of standard dimensions will flow
together at the base of the groove for a distance
of 13 mm (tt in.) when subjected to 25 shocks
from the cup being dropped 10 mm in a standard
liquid timit apparatus operated at a rate of 2
shocks per second.

1 Annual Book of ASTM Standards. Vol 04.02.
>AiHitial Hook of ASTM Standards, Vob 04.02.04.03. and

04.08.4 Annual Book ofASTAf Standards. Vol 04.08.
'Annual Book ofASTMSiamiards, Vol 09.01.
• Annual Book ofASTAf Standards, Vol 14.02.
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preserved. The device may be operated cither by
a hand crank or by an electric motor

6.1.1 Base—The base shall be hard rubber
having a D Duromctcr hardness or 80 to 90, and
a resilience such that an 8-mm (Vi«-in.) diameter
polished steel ball, when dropped from a height
of 25 cm (9.84 in.) will have an average rebound
of at least 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feet
attached.

6.1.2 Feet—The base shall be supported by
rubber feet designed to provide isolation of the
base from the work surface and having an A
Duromctcr hardness no greater than 60 as mea-
sured on the finished feet attached to the base.

6.1.3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 185 to 215 g.

6.1.4 Cam—The cam shall raise the cup
smoothly and continuously to its maximum
height, over a distance of at least 180" of cam
rotation. The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

NOTE 3—The cam and follower design in Fig. I is
for uniformly accelerated (parabolic) motion after coo-
tact and assures that the cup has no velocity at drop
off. Other cam designs abo provide this feature and
may be used. However, if the cam-follower lift pattern
is not known, zero velocity at drop off can be assured
by carefully filing or machining the cam and follower
so that the cup height remains constant over the last 20
to 45* of cam rotation.

6.1.5 Carriage—-The cup carriage shall be
constructed in a way that allows convenient but
secure adjustment of the height of drop of the
cupxto 10 mm (0.394 in.). The cup hanger shall
be attached to the carriage by means of a pin
which allows removal of the cup and cup hanger
for cleaning and inspection.

6.1.6 Optional Motor Drive—As an alterna-
tive to thrJiand crank shown in Fig. J, the device
may be equipped with a motor to turn the cam.
Such a motor must turn the cam at 2 ±0.1
revolutions per second, and must be isolated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitted to the rest of the
apparatus. It must be equipped with an ON-OFF
switch and a means of conveniently positioning
the cam for height of drop adjustments. The
results obtained using a/motor-driven device
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must not differ from those obtained using a
manually operated device.

6.2 Hat Grooving Toot—A grooving tool hav-
ing dimensions shown in Fig. 2, The tool shall
be made of plastic or noncorroding metal. The
design of the tool may vary as long as the essential
dimensions arc maintained. The tool may, but
need not. Incorporate the page for adjusting the
height of drop of the liquid limit device.

6.3 Gagc—\ metal gage block for adjusting
the height of drop of the cup, having the dimen-
sions shown in Fig. 3. The design of the tool may
vary provided the gage will rest securely on the
base without being susceptible to rocking, and
the edge which contacts the cup during adjust-
ment is straight, at least 10 mm (% in.) wide, and
without bevel or radius.

6.4 Containers—Small corrosion-resistant
containers with snug-fitting lids for water content
specimens. Aluminum or stainless steel cans 2.5
cm (I in.) high by 5 cm (2 in.) in diameter are
appropriate.

6.5 Balance—A balance readable to at least
0.01 g and having an accuracy of 0.03 g within
three standard deviations within the range of use.
Within any 15-g range, a difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
5).

NOTE 4—Sec Methods E 898 and E 319 for an ex-
planation of terms relating to balance performance.

NOTE 5—For frequent use, a top-loading type bal-
ance with automatic load indication, readable to 0.01
g, and having an index of precision (standard deviation)
of 0.003 or better b most suitable for this method.
However, nonautomatic indicating equal-arm analyti-
cal balances and some small equal arm lop pan balances
having readabilities and sensitivities of 0.002 g or better
provide the required accuracy when used with a weight
set of ASTM Class 4 (National Bureau of Standards
Class P) or better. Ordinary commercial and classroom
type balances such as beam balances are not suitable
for this method.

6.6 Storage Container—A container in which
to store the prepared soil specimen that will not
contaminate the specimen in any way, and which
prevents moisture loss. A porcelain, glass, or
plastic dish about 11.4 on (4Vi in.) in diameter
and a plastic bag large enough to enclose the dish
and be folded over is adequate.

6.7 Ground Glass Plate—A ground glass plate
at least 30 cm (12 in.) square by I cm (% in.)
thick for mixing soil and rolling plastic limit
threads.

6.8 Spatula—A spatula or pill knife having ?.
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NOTE 2—The undfaincd shear strength of soil at the
liquid limit is considered lo be 2 ±0.2 kPa (0.28 psi).

3.4 plastic limit (PL)—the water content, in
percent, of a soil at the boundary between the
plastic and brittle states. The water content at
this boundary is the water content at which a soil
can no longer be deformed by rolling into 3.2
mm ('/« in.) in diameter threads without crum-
bling.

3.5 plastic soil—a soil which has a range of
water content over which it exhibits plasticity
and which will retain its shape on drying.

3.6 plasticity index (l'l)-lhc range of water
content over which a soil behaves plastically.
Numerically, it is the difference between the liq-
uid limit and the plastic limit.

3.7 liquidity index—the ratio, expressed as a
percentage, of (7) the natural water content of a
soil minus its plastic limit, to (2) its plasticity
index.

3.8 activity number (A)—the ratio of (/) the
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smaller than 0.002 mm.

4. Summary of Method
4.1 The sample is processed to remove any

material retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sample is spread
in a brass cup, divided in two by a grooving tool,
and then allowed to flow together from the
shocks caused by repeatedly dropping the cup in
a standard mechanical device. The multipoint
liquid limit, Procedures A and B, requires three
or more trials over a range of water contents to
be performed and the data from the trials plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
liquid limit, Procedures C and D, uses the data
from two trials at one water content multiplied
by a correction factor to determine the liquid
limit.

4.2 The plastic limit is determined by alter-
nately pressing together and rolling into a 3.2
mm ('/i in.) diameter thread a small portion of
plastic soil until its water content is reduced to a
point at which the thread crumbles and is no
longer able to be pressed together and rcrollcd.
The water content of the soil at this stage is
reported as the plastic limit.

D4318

4.3 The plasticity index is calculated as the
difference between the liquid limit and the plastic
limit.

5. Significance and Use

5.1 This test method is used as an integral part
of several engineering classification systems to
characterize the fine-grained fractions of soils (sec
Test Method D 2487 and Recommended Prac-
tice D 3282) and to specify the fine-grained frac-
tion of construction materials (sec Specification
D 1241). The liquid limit, plastic limit, and plas-
ticity index of soils are also used extensively,
cither individually or together with other soil
properties to correlate with engineering behavior
such as compressibility, permeability, compati-
bility, shrink-swcll, and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
to express its relative consistency or liquidity
index and can be used with the percentage finer
thaix2-nm size to determine its activity number.

5.3 The one-point liquid limit procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when used for the acceptance of a material or for
correlation with other test data, the multipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected to repeated wet-
ting and drying cycles, the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale's
susceptibility to weathering.

5.5 The liquid limit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a sample
before and after oven-drying can therefore be
used as a qualitative measure of organic matter
content of a soil.

6. Apparatus
6.1 Liquid Limit Device—A mechanical de-

vice consisting of a brass cup suspended from a
carriage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
is given in Fig. I. The design of the device may
vary provided that the essential functions are
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blade about 2 cm (% in.) wide by about 10 cm
(4 in.) long. In addition, a spatula having a blade
about 2.5 cm (I in.) wide and IS cm (6 in.) long
has been found useful for initial mixing of sam-
ples.

6.9 Sieve—A. 20.3 cm (8 in.) diameter, 425-
um (No. 40) sieve conforming to the require-
ments of Specification E Tl and having a rim at
least 5 cm (2 in.) above the mesh. A 2-mm (No.
10) sieve meeting the same requirements may
also be needed.

6.10 Wash Bottle, or similar container for
adding controlled amounts of water to soil and
washing fines from coarse particles.

6.11 Drying Oven—A thermostatically con-
trolled oven, preferably of the forced-draft type,
capable of continuously maintaining a tempera-
ture of 110 ±5*C throughout the drying chamber.
The oven shall be equipped with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Am—A round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optional)—A metal or plastic rod
or tube 3.2 mm (Mi in.) in diameter and about 10
cm (4 in.) long for judging the size of plastic limit
threads.

7. Materials

7.1 A supply of distilled or dcmincralhrcd wa-
ter.

8.1 Samples may be taken from any location
that satisfies testing needs. However, Methods
C702, and Practice D75, and Recom.ocndcd
Practice D420 should be used as guides for se-
lecting and preserving samples from various
types of sampting operations. Samples which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water content
prior to preparation.

8.2 Where sampling operations have pre-
served the natural stratification of a sample, the
various strata must be kept separated and tests
performed on the particular stratum of interest
with as litue contamination as possible from
other strata. Where a mixture of materials will
be used in construction, combine the various
components in such proportions that the result-
ant sample represents the actual construction
case.

8.3 Where data from this test method arc to
be used for correlation with other laboratory or
field test data, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient to provide I SO to 200 g of
material passing the 425-um (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus

9.1 Inspection of Wear
9.1.1 Liquid Limit Device—Determine that

the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—lite spot on (he base
where the cup makes contact should be worn no
greater than 10 mm (% in.) in diameter. If the
wear spot is greater than this, the base can be
machined to remove the worn spot provided the
resurfacing docs no', make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger— Verify that the
cup hanger pivot docs not bind and is not worn
to an extent that allows more than 3-mm (tt-in.)
siric-to-sidc movement of the lowest point on (he
rim.

9.1.1.4 Wear of Cam—The cam shall not be
worn to an extent that the cup drops before the
cup hanger (cam follower) loses contact with the
cam.

9.1.2 Grooving Took—Inspect grooving tools
for wear on a frequent and regular basis. The
rapidity of wear depends on the material from
which t»e tool is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials, tools should be inspected more frequently
than for other soils. Any tool with a tip width
greater than 2.1 mm must not be used. The depth
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of the tip of the grooving tool must be 7.9 to 8.1
mm.

NOTK 6—The width of the lip of grooving tools is
conveniently checked using a pocket-sized measuring
magnifier equipped with a millimetre scale. Magnifiers
of this type arc available from most laboratory supply
companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier
calipers.

9.2 Adjustment of Height of Drop—Adjust the
height of drop of the cup so that the point on the
cup that comes in contact with the base rises to
a height of 10 ±0.2 mm. Sec Fig. 4 for proper
location of the gage relative to the cup during
adjustment.

NOTE 7—A convenient procedure for adjusting the
height of drop is as follows: place a piece of masking
tape across the outside bottom of the cup parallel with
the axis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisect the spot on the
cup that contacts the base. For new cups, placing a
piece of carbon paper on the base and allowing the cup
to drop several times will mark the contact spot. Attach
the cup to the device and turn the crank until the cup
is raised to its maximum height. Slide the height gage
under the cup from the front, and observe whether the
gage contacts the cup or the tape. See Fig. 4. If the tape
and cup arc both contacted, the height of drop is
approximately correct. If not, adjust the cup until si-
multaneous contact is made. Check adjustment by
turning the crank at 2 revolutions per second while
holding the gage in position against the tape and cup.
If a ringing or clicking sound is heard without the cup
rising from the gage, the adjustment is correct. If no
ringing is heard or if the cup rises from the gage, readjust
the height of drop. If the cup rocks on the gage during
this checking operation, the cam follower pivot is ex-
cessively worn and the worn parts should be replaced.
Always remove tape after completion of adjustment
operation.

MULTIPOINT LIQUID LIMIT—PROCEDURKS
A AND B

10. Preparation of Test Specimens

10.1 Wet Preparation—Except where the dry
method of specimen preparation is specified
(10.2), prepare specimens for test as described in
the following sections.

lO.l.i Samples Passing the 425-um (No. 40)
Sieve—When by visual and manual procedures
it is determined that the sample has little or no
material retained on a 4r.5-um (No. 40) sieve,
prepare a specimen of I SO to 200 g by mixing
thoroughly with distilled or demineralizcd water
on the gbss plate using the spatula. If desired,
soak soil in a storage dish with small amount of
water to soften the soil before the start of mixing.

Adjust the water content of the soil to bring it to
a consistency that would require 25 to 35 blows
of the liquid limit device to close the groove
(Note 8). If, during mixing, a small percentage of
material is encountered that would be retained
on a 425-um (No. 40) sieve, remove these parti-
cles by hand, if possible. If it is impractical to
remove the coarser material by hand, remove
small percentages (less than about 15%) of
coarser material by working the specimen
through a 425-um (No. 40) sieve using a piece of
rubber sheeting, rubber stopper, or other conven-
ient device provided the operation docs not dis-
tort the sieve or degrade material that would be
retained if the washing method described in
10.1.2 were used. If larger percentages of course
material arc encountered during mixing, or it is
considered impractical to remove the coarser
material by the methods just described, wash the
sample as described in 10.1.2. When the coarse
particles found during mixing arc concretions,
shells, or o)hcr fragile particles, do not crush these
particles to make them pass a 425-um (No. 40)
sieve, but remove by hand or by washing. Place
the mixed soil in the storage dish, cover to pre-
vent loss of moisture, and allow to stand for at
least 16 h (overnight). After the standing period
and immediately before starting the test, thor-
oughly remix the soil.

NOTH 8—The time taken to adequately mix a soil
will vary greatly, depending on the plasticity and initial
water content. Initial mixing times of more than 30 —
in may be needed for stiff, fat clays.

10.1.2 Samples Containing Material Retained
on a 425-\im (No. 40) Sieve:

10.1.2.1 Select a sufficient quantity of soil at
natural water content to provide 150 to 200 g of
material passing the 425-um (No. 40) sieve. Place
in a pan or dish and add sufficient water to cover
the soil. Allow to soak until all lumps have
softened and the fines no longer adhere to the
surfaces of the corase particles (Note 9).

NOTE 9—In some cases, the cations of salts present
in tap water will exchange with the natural cations in
the soil and significantly alter the test results should tap
water be used in the soaking and washing operations.
Unless it is known that such cations arc not present in
the tap water, distilled or demincralizcd water should
be used. As a general rule, water containing more than
100 mg/L of dissolved solids should not be used for
washing operations.

10.1.2.2 When the sample contains a large
percentage of material retained on the 425-um
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(No. 40) sieve, perform the following washing
operation in increments, washing no more than
0.5 kg (1 Ib) of material at one time. Place the
425-um (No. 40) sieve in the bottom of the clean
pan. Pour the soil water mixture onto the sieve.
If gravel or coarse sand particles arc present, rinse
as many of these as possible with small quantities
of water from a wash bottle, and discard. Alter-
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve nested atop the 425-um (No.
40) sieve, rinse the fine material through and
remove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material as
possible, add sufficient water to the pan to bring
(he level to about 13 mm (Win.) above the surface
of the 425-um (No. 40) sieve. Agitate the slurry
by stirring with the fingers while raising and
lowering the sieve in the nan and swirling the
suspension so that fine material is washed from
the coarser particles. Disaggregate fine soil lumps
that have not slaked by gently rubbing them over
the sieve with the fingertips. Complete the wash-
ing operation by raising the sieve above the water
surface and rinsing the material regained with a
small amount of dean water. Discard material
retained on the 425-um (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the 425-u.m (No. 40) sieve until it
approaches the liquid limit Reduction of water
content may be accomplished by one or a com-
bination of the following methods: (a) exposing
the air currents at ordinary room temperature,
(h) exposing to warm air currents from a source
such as an electric hair dryer, (c) filtering in a
Buckner funnel or using filter candles, (d) de-
canting dear water from surface of suspension,
or (c) draining in a colander or plaster of pans
dish lined with high rctcntivity, high wet-strength
filter paper.7 If a plaster of pans dish is used, take
care that the dish never becomes sufficiently
saturated that h (ails to actively absorb water into
its surface. Thoroughly dry dishes between uses.
During evaporation and cooling, stir the sample
often enough to prevent ovcrdrying of the fringes
and soil pinnacles on the surface of the mixture.
I "or soil samples containing soluble salts, use a
method of water reduction such as a or b that
will not eliminate the soluble salts from the test
specimen.

10.1.2.4 Thoroughly mix the material passing
the 425-fim (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
ture, if necessary, by adding small increments of

distilled or dcmincralizcd water or by allowing
the mixture to dry at room temperature while
mixing on the glass plate. The soil should be at a
water content that will result in closure of the
groove in 25 to 35 blows. Return the mixed soil
to the mixing dish, cover to prevent loss of mois-
ture, and allow to stand for at least 16 h. After
the standing period, and immediately before
starting the test, remix the soil thoroughly.

10.2 Dry Preparation:
10.2.1 Select sufficient soil to provide 150 to

200 g of material passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or in an oven at a temperature not
exceeding 60*C until the soil dods will pulvcri/e
readily. Disaggrcgation is expedited if the sample
is not allowed to completdy dry. However, the
soil should have a dry appearance when pulvcr-
i/cd. Pulverize the sample in a mortar with a
rubber tipped pcstal or in some other way that
docs not cause breakdown of individual grains.
When the coarse partidcs found during pulveri-
zation are concretions, shells, or other fragile
partides, do not crush these partides to make
them pass a 425-um (No. 40) sieve, but remove
by hand or other suitable means, such as washing.

10.2.2 Separate the sample on a 425-um (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-um (No. 40)
sieve to the pulverizing apparatus and repeat the
pulverizing and sieving operations as many tin"*s
as necessary to assure that all finer material has
been disaggregated and material retained on the
425-um (No. 40) sieve consists only of individual
sand or gravel grains.

10.2.3 Place material remaining on the 425-
um (No. 40) sieve after the final pulverizing
operations in a dish and soak in a small amount
of water. Stir the soil water mixture and pour
over the 425-um (No. 40) sieve, catching the
water and any suspended fines in the washing
pan. Pour this suspension into a dish containing
the dry soil previously sieved through the 425-
um (No. 40) sieve. Discard material retained on
the 425-ura (No. 40) sieve.

10.2.4 Adjust the water content as necessary
by drying as described in IP. 1.2.3 or by mixing
on the glass plate, using the spatula while adding
increments of distilled or dcmincrali/cd water,

7S and S 595 filler paper, available in 32-cm circles, has
proven satisfactory.
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until the soil is at a water content that will result
in closure of the groove in 25 to 35 blows.

10.2.5 Put soil in the storage dish, cover to
prevent loss of moisture and allow to stand Tor
at least 16 h. After the standing period, and
immediately before starting the test, thoroughly
remix the soil (Note 8).

II. Procedure

11.1 Place a portion of the prepared soil in
the cup of the liquid limit device at the point
where the cup rests on the base, squeeze it down,
and spread it into the cup to a depth of about 10
mm at its deepest point, tapering to form an
approximately horizontal surface. Take care to
eliminate air bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover with the
inverted storage dish or a wet towel.

11.2 Form a groove in the soil pat by drawing
the tool, beveled edge forward, through the soil
on a line joining the highest point to the lowest
point on the rim of the cup. When cutting the
groove, hold the grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicular to the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannot be made in one stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut the groove to slightly less than required di-
mensions with a spatula and use the grooving
too! to bring the groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

11.3 Verify that no crumbs of soil arc present
on the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
to 2.1 drops per second until the two halves of
the soil pat come in contact at the bottom of the
groove along a distance of 13 mm ('/z in.). See
Fig. 6.

NOTE 10—Use the end of the grooving tool, Fig. 2,
or a scale to verify that the groove has closed 13 mm
C/iin.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing that
both sides of the groove have flowed together
with approximately <thc same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil to make up for that lost in the grooving

operation and repeat 11.1 to 11.3. If the soil
slides on the surface of the cup, repeat 11.1
through 11.3 at a higher water content. If, after
several trials at successively higher water con-
tents, the soil put continues to slide in the cup or
if the number of blows required to close the
groove is always less than 25, record that the
liquid limit could not be determined, and report
the soil us nonplustic without performing the
plastic limit'lest.

11.5 Record the number of drops, N, required
to close the groove. Remove a slice of soil ap-
proximately the width of the spatula, extending
from edge to edge of the soil cake at right angles
to the groove and including that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Return the soil remaining in the cup to
the glass plate. Wash and dry the cup and groov-
ing too! and reattach the cup to the carriage in
preparation for the next trial.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required ..to close the groove. Repeat
11.1 through 11.6 for at least two additional trials
producing successively lower numbers of blows
to close the groove. One of the trials shall be for
a closure requiring 25 to 35 blows, one for closure
between 20 and 30 blows, and one trial for a
closure requiring 15 to 25 blows.

11.8 Determine the water content, WN, of the
soil specimen from each trial in accordance with
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately after completion of the test. If the
test is to be interrupted for more than about 15
min, the specimens already obtained should be
weighed at the time of the interruption.

12. Calculations
12.1 Plot the relationship between the water

content, WNt and the corresponding number of
drops, N, of the cup on a semilogarithmic graph
with the water content as ordinates on the arith-
metical scale, and the number of drops as abscis-
sas on the logarithmic scale. Draw the best
straight line through the three or more plotted
points.

12.2 Take the water content corresponding to.
the intersection of the line with the 25-drop
abscissa as the liquid limit of the soil. Computa-
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lional methods may be substituted for the graph-
ical method for fitting a straight line to the data
and determining the liquid limit

ONE-POINT I4QUID LIMIT— PROCKDURKS
C AND D

13. Preparation of Test Specimens
13.1 Prepare the specimen in the same man-

ner as described in Section 10, except that at
mixing, adjust the water content to a consistency
requiring 20 to 30 drops of the liquid limit cup
to dose I he groove.

14. Procedure

14.1 Proceed as described in M.I through
1 1 .5 except that the number of blows required to
dose the groove shall be 20 to 30. If less than 20
or more than 30 blows arc required, adjust the
water content of the soil and repeat the proce-
dure.

14.2 Immediately after removing a water
content specimen as described in 1 1 .5, reform
the Toil in the cup, adding a small amount of
soil to make up for that lost in the grooving and
water content sampling operations. Repeat 1 1.2
through 1 1.5, and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeat

NOTE 1 1 — Excessive drying CM- inadequate mixing
win cause the number of blows to vary.

14.3 Determine water contents of specimens
as described in 11.8.

15. CaJnbtkws
I S.I Determine the liquid limit for each water

content specimen using one of the following
equations:

where:
N = the number of blows causing closure of the

groove at water content,
WH « water content, and
K - a factor given in Table I.

The liquid limit is the average of the two trial
liquid limit values.

153. If the difference between the two trial

liquid limit values is greater than one percentage
point, repeat the test.

PLASTIC IJMIT

16. Preparation of Test Specimen
16.1 Select a 20-g portion of soil from the

material prepared for the liquid limit test, cither
after the second mixing before the test, or from
the soil remaining after completion of the test
Reduce the water content of the soil to a consist-
ency at which it can be rolled without sticking to
I he hands by spreading and mixing continuously
on the glass plate. The drying process may be
accelerated by exposing the soil to the air current
from an electric fan, or by blotting with paper
that docs not add any fiber to the soil, such as
hard surface paper toweling or high wet strength
filter paper.

17. Procedure
17.1 From the 20-g mass, select a portion of

1.5 to 10 g. Form the test specimen into an
ellipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with just
sufficient pressure to roll the mass into a thread
of uniform diameter throughout its length (Note
(2). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in.),
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low plasticity arc best rolled under the outer edge
of the palm or at the base of the thumb.

NOTK 12—A normal rale of rolling for most soils
should be 80 to 90 strokes per minute, counting a
stroke as one complete motion of the band forward and
back to the starting position. This rate of rolling may
have to he decreased for very fragile soils.

NOTE 13—A 3.2-mm (Vb-in.) diameter rod or tube
is useful for frequent comparison with the soil thread
to ascertain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into several
pieces. Squeeze the pieces together, knead be-
tween the thumb and first finger of each hand,
reform into an ellipsoidal mass, and reroll. Con-
tinue this alternate rolling to a thread 3.2 mm in
diameter, gathering together, kneading and re-
rolling, until the thread crumbles under the ores-
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sure required for rolling and the soil can no
longer be rolled into a 3.2-mm diameter thread
(Sec Fig. 7). It has no significance if the thread
breaks into threads of shorter length. Roll each
of these shorter threads to 3.2 mm in diameter.
The only requirement for continuing the test is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, or both, while continuing
the rolling without further deformation until the
thread falls apart. It is permissible, however, to
reduce the total amount of deformation for feebly
plastic soils by making (he initial diameter of the
ellipsoidal mass nearer to the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory end point, pro-
vided the soil has been previously rolled into a
thread 3.2 mm in diameter. Crumbling of the
thread will manifest itself differently with the
various types of soil. Some soils fall apart in
numerous small aggregations of particles, others
may form an outside tubular layer that starts
splitting at both ends. The splitting progresses
toward the middle, and finally, the thread falls
apart in many small platy particles. Fat clay soils
require much pressure to deform the thread,
particularly as they approach the plastic limit.
With these soils, the thread breaks into a scries
of barrel-shaped segments about 3.2 to 9.5 mm
('/«to 3/g in.) in length.

17.2 Gather the portions of the crumbled
thread together and place in a weighed container.
Immediately cover the container.

17.3 Select another 1.5 to 2.6 g portion of soil
from the original 20-g specimen and repeat the
operations described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make an-
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the containers in accordance with
Method D 2216. Make all weighings on the same
balance.

NOTE 14—The intent cf performing two plastic
limit trials is to verify the consistency of (he test results.
It is acceptable practice to perform only one plastic
limit trial when (he consistency in the test results can
be confirmed by other means.

18. Calculations

18.1 Compute the average of the two water
contents. If the difference between the two water
contents is greater than two percentage points,
repeat the test. The plastic limit is the average of
the two water contents.

PI-ASnCITY INDEX

19. Calculations

19.1 Calculate the plasticity index as follows:
ri = /,/. - PI.

where:
I.L - the liquid limit,
PL = the plastic limit.

Both LI. and /'/, are xvholc numbers. If cither
the liquid limit or plastic limit could not be
determined, or if the plastic limit is equal to or
greater than the liquid limit, report the soil us
nonplastic, NP.

20. Report

20.1 Report the following information:
20.1.1 Sample identifying information,
20.1.2 Any special specimen selection process

used, such as removal of sand lenses from undis-
turbed sample,

20.1.3 Report sample us airdricd if the sample
was airdried before or during preparation,

20.1.4 Liquid limit, plastic limit, und plastic-
ity index to the nearest whole number and omit-
ting the percent designation. If the liquid limit or
plastic limit tests could not be performed, or if
the plastic limit is equal to or greater than the
liquid limit; report the soil as nonplastic, NP,

20.1.5 An estimate of the percentage of sam-
ple retained on the 425-nm (No. 40) sieve, and

20.1.6 Procedure by which liquid limit was
performed, if it differs from the multipoint
method.

21. Precision and Bias

21.1 No intcrlaboratory testing program has
as yet been conducted using this test method to
determine multilahoratory precision.

21.2 The within laboratory precision of the
results of tests performed by different operators
at one laboratory on two soils using Procedure A
for the liquid limit is shown in Table 2.

10
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TABLE I KacMn for OtaiM* IJ^U I«* AM Water
CwtCflC MM NvMVCT •• IWOpS CtMESMR dOSM M GflMW
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TABLE 2 Witfcfa Labi LMl

Avcnp Vatoc.«

(Nwmbcr of Drops)

~20
21
22
23
24
25
26
27
2X
29
30

(Factor for Liquid Limit)

6.974
0.979
0.98S
0.990
0.995
1.000
I DOS
1.009
1.014
1.018
1.022

Dcvialion. s

Sail A:
I'L
U.

SoilB:
ri.
U.

21.9
27.9

20.1
32.6

1.07
1.07

1.21
0.9S

II



DIMENSIONS

s>

LETTER

MM

LETTER

MM

A a

54

± 0.5

N

24

8°

2

± O.I

P

28

C A

27

± 0.5

R

24

E A

56

± 2.0

T

45

F

32

t /A

47

± 1.0

G

10

V

3.8

H

16

W

13

JA

60

±1.0

Z

6.5

K*

50

•± 2.0

LA

150

± 2.0

MA

125

± 2.0

ESSENTIAL DIMENSIONS

V DIAMETER
CRS OR BRASS PIN

K

1 Z SPHERICAL
RADIUS

CAM
ANGLE

DEGREES

! 0

30

60

90

120

150j
j 180

210

240

270

i 300
i

• 330

CAM
RADIUS

0-742 R

0.753 R

O.764 R

0.77 3 R

0.784 R

O.796 R

0.81 8 R

0.854 R

0.901 R

O.945R

0.974 R

0.995R

360 | l .OOORj

-HARD RUBBER BASE CONFORMING ^SOFT RUBBER CONFORMING TO
TO SPECIFICATION IN 6.1.1 SPECIFICATION IN 6.1.2

FIG. 1 Hind-Operated Liquid Limit Device



04318

DIMENSIONS
LETTER

MM

LETTER

MM

AA

2
±0.l

G
10

MINIMUM

BA

II

±0.2

H

13
i

I

C*

40
±0.5

J
60

D*

8

±0.1

^C A

10

±0.05

~E~* q

50

±0.5

L*

60 DEG

± IDEG

r*
2

±0.1

i N
20

ESSENTIAL DIMENSIONS

"BACK AT LEAST IS MM FHOM TIP

NOTE : DIMENSION A SHOULD BE I.9-2.O AND DIMENSION D

SHOULD BE 8.O-8.I WHEN NEW TO ALLOW FOR
ADEQUATE SERVICE LIFE

L_!

SECTION

HG.2

50 10

25

DIMENSIONS IN MILLIMETRES
FIG. 3 Hcfe)M«rDn»Gai«

13
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POINT WHERE
CUP CONTACTS BASE

HEIGHT GAUGE

•MASKING TAPE APPLIED AS AID
IN ADJUSTMENT OPERATION

FIG. 4 Calibration for Height of Drop

FIG. 5 Grooved Soil Pat in Liquid Limit Device
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FIG. f S«iPM After Grwm HK Ctesc4
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FIG. 7 I*an Clay Soil at the Plastic Limit

The A merlcan Society for Testing and MalerlaIs lakes no ptaltlori respecting the validity of any patent right* asserted In connection
with any Item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

t

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your vie\vs known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia. Pa. 19103.
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Standard Practice for

DRY PREPARATION OF SOIL SAMPLES FOR PARTICLE-
SIZE ANALYSIS AND DETERMINATION OF SOIL
CONSTANTS1

This standard is issued under the fixed designation D 421; the number immediately following (he designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last rcapproval.
A superscript cpsilon («) indicates an editorial change since the last revision or rcapproval.

1. Scope
1.1 This practice covers the dry preparation

of soil samples as received from the field for
particlc-si/c analysis and the determination of
the soil constants.

1.2 This standard may involve hazardous ma-
terial.'!, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with Us use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determ inc the applicability of regulatory limi-
tations prior to use. r

2. Applicable Documents

2.1 ASTM Standards:
D2217 Practice for Wet Preparation of Soil

Samples for Particlc-Si/c Analysis and De-
termination of Soil Constants2

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes3

3. Significance and Use
3.1 This practice can be used lo prepare sam-

ples for particle-size and plasticity testa where it
is desired to determine test values on air-dried
samples, or where it is known that air drying
docs not have an effect on test results relative to
samples prepared in accordance with Practice
D22I7.

4. Apparatus

4.1 Balance, sensitive lo 0.1 g.
4.2 Mortar anil Rubber-Covered Pestle, suita-

ble for breaking up the aggregations of soil par-
ticles.

4.3 Sieves—A series of sieves, of square mesh
woven wire cloth, conforming to Specification
E l l . The sieves required arc as follows:

No. 4(4.75-mm)
No. I0(2.00-mm)
No. 40 (425-nm)

4.4 Sampler—A riffle sampler or sample split-
ter, for quartering the samples.

5. Sampling
5.1 Expose the soil sample as received from

the field to the air at room temperature until
dried thoroughly. Break up the aggregations thor-.
oughly in the mortar with a rubber-covered pes-
tle. Select a representative sample of the amount
rcqufrcd to perform the desired- tests by the
method of quartering or by the use of a sampler.
The amounts of material required to perform the
individual tests arc as follows:

5.1.1 Particle-Size Analysis—For the particle-
size analysis, material passing a No. 10 (2.00-
mm) sieve is required in amounts equal to 115 g
of sandy soils and 65 g of cither silt or clay soils.

5.1.2 Tests for Soil Constants—For the tests
for soil constants, material passing the No. 40

1 This practice is under the jurisdiction of ASTM Committee
D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D18.03 on Texture, Plasticity, and Density Char-
acteristics or Soils.

Current edition approved July 26, 1985. Published Septem-
ber 1985. Originally puolijhcd at 1)421 -35 T. Last previous
edition D 421-58 (1978)".

1 Annual Hook of ASTM Xtane/an/s, Vol 04.08.
1 Annual Book of ASTM Standards, Vol 14.02.
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(42S-um) sieve is required in total amount of 220
6, allocated as follows:

Test Grains
Liquid limit 100
Plastic limit . • IS
Centrifuge moisture equivalent . 10
Volumetric shrinkage 30
deck tests 65

6. Preparation of Test Sanple
6.1 Select that portion of the air-dried sample

selected for purpose of tests and record the mass
as the mass of the total test sample uncorrccted
for hygroscopic moisture. Separate the test sam-
ple by sieving with a No. 10 (2.00-ram) sieve.
Grind that fraction retained on the No. 10 sieve
in a mortar with a rubber-covered pestle until
the aggregations of soil particles are broken up
into the separate grains. Then separate the
ground soil into two fractions by sieving with a
No. 10 sieve.

63. Wash that fraction retained after the scc-

07S1S10 003M3MS
D421

ond sieving free of all fine material, dry, and
weigh. Record this mass as the mass of coarse
material. Steve the coarse material, after being
washed and dried, on the No. 4 (4.75-mm) sieve
and record the mass retained on the No. 4 sieve.

7. Test Sample far PtolicJ^Sme Analysis
7.1 Thoroughly mix together the fractions

passing the No. 10 (2.00-mm) sieve in both siev-
ing operations, and by the method of quartering
or the use of a sampler, select a portion weighing

/approximately 1 15 g for sandy soils and approx-
imately 65 g for silt and day soil for particle-size
analysis. "

8. Test SiMplf far Sofl Cauatnts
8.1 Separate the remaining portion of the ma-

terial passing the No. 10 (2.00-mm) sieve into
two parts by means of a No. 40 (425-um) sieve.
Discard the fraction retained on the No. 40 sieve.
Use the fraction passing the No. 40 sieve for the
determination of the soil constants.

TUfAmerican Society far Testing and Materials takes no position resting the *&ty ofamyaalemt rights asserted in connect ion
wiik axf Hem mentioned in tkis standard. Users oftUs standard are expressly advised tkal determination of ike validity of my such
palM rights, and the risk of li^Hi^emM of t^Hgnls. art e^

Tte standard is s*bjea » rensiom at amy time by tke responsible tedinical commmue and nn& be mewed eteryjr-.years and
if mat retised. eHker itttpamnd or mitUimtm. Yo*r euiunau are united eOkerfar rerisiom of Ms itmdant or far additional
nniidi mfi'tcv'ltr mldnitsdtf tTTTf Tfr-'rinfr-r Yota-commemts wiff recehecmrefidamderatiomatameetingoftke
lejmamUctedmkal committee. wUcm you may attend. If you feel tkat yarn twnntaf* tare mat ncthfdafair hearing you should
makeyt** meta AJMMI to the ASTM Committee on Standards. 1916 Race 5*, HtOadttpUa. PA 19/03.
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Standard Test Method for
Particle-Size Analysis of Soils1

This standard it issued under the fixed designation 0422; the number immediately following the designation indicates the year of
original adoption or. In the ease of revision, the year of last revision. A number In parentheses indicates the year of Ian reapprovaJ. A
superscript epsilon (<) indicates an editorial change lines the last revision or reapproval.

" NOTE—Section 19 was added editorially in September 1990,

1. Scope
1.1 This test method covers the quantitative determina-

tion of the distribution of particle sizes in soils. The
distribution of particle sizes larger than 75 urn (retained on
the No. 200 sieve) is determined by sieving, while the
distribution of particle sizes smaller than 75 urn is deter-
mined by a sedimentation process, using a hydrometer to
secure the necessary data (Notes 1 and 2).

NOTI: 1—Separation may be made on the No. 4 (4.73-mm), No. 40
(423-um), or No. 200 (75-um) sieve instead of the No. 10. For whatever
sieve used, the size shall be indicated in the report.

NOTU 2—Two types of dispersion devices are provided: (/) a
.high-speed mechanical stirrer, and (2) air dispersion. Extensive investi-
gations indicate that air-dispersion devices produce a more positive
dispersion of plastic soils below the 20-u>m size and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle sire distribu-
tion, especially for sizes finer than 20 urn.

2. Referenced Documents

2.1 ASTM Standards:
D421 Practice for Dry Preparation of Soil Samples for

Particle-Size Analysis and Determination of Soil
Constants2

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes3

E 100 Specification for ASTM Hydrometers4

3. Apparatus
3.1 Balances—A balance sensitive to 0.01 g for weighing

the material passing a No. 10 (2.00-ram) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically oper-

1 This tat method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and b the direct responsibility of Subcommittee D11.03 on Texture,
Plasticity, and Density Characteristics of Soils.

Current edition approved Nov. 21, 1963. Originally publithed 193]. Replaces
D 422-62.

1 Annual Book of ASTM Standards, Vol 04.08.
> Animal Uook itfASTM Standards, Vol 14.02.
'Annual Book ef ASTM Standards, Vol 14.03.

ated stirring device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a
replaceable stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stirring paddle will operate not less than % in. (19.0
mm) nor more than I1/: in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup3 (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

NOTE 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ft'/min; some small air compressors are not capable of
supplying sufficient air to operate a cup.

Norn 4—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidson at Iowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When it is used, soaking .of the-sample can be done in the
sedimentation cylinder, thus eliminating the need for transferring the
slurry. When the air-dispersion tube is used, it shall be so indicated in
the report.

NOTE 5—Water may condense in air lines when not in use. This
water must be removed, either by using a water trap on the air line, or by
blowing the. water out .of the line before using any of the air for
dispersion purposes.

3.3 Hydrometer-—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers arc the same, the scale being the
only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2ft in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 ± 2 cm from the
bottom on the inside.

3.5 Thermometer—A thermometer accurate to IT
(0.5'C).

3.6 Sieves—A series of sieves, of square-mesh wovcn-wirc
cloth, conforming to the requirements of Specification E l l .
A full set of sieves includes the following (Note 6):

1 Detailed working drmwinti Tor this cup an available al a nominal coil from
the American Society for Testing and Materials, 1916 Race Su Philadelphia, PA
19103. Order Adjunct No. 12-40422040.
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be uii'UBjnt to the temperature that is expected to prevail
dming the hydromder test For example, if the sedimenta-
tion cyfinder is to be phoed in toe water bath, the distilled or
deminenfized water to be used shall be brought to the
temperature of the controlled water bath; or. if the sedimen-
tation cylinder is used in a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test b 68T
(20*C). Small variations of temperature do not introduce
differences that ait of practical significance and do not
prevent the use of corrections derived as prescribed.
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CUP A CROSS SICTON
CUP 8

FIQ. 3 Air-J*t Dlapcfjton Cups of Apparatus 8

5. Test Sample
5.1 Prepare the test sample Tor mechanical analysis as

outlined in Practice D421. During the preparation proce-
dure the sample is divided into two portions. One portion
contains only particles retained on the No. 10 (2.00-mm)
sieve while the other portion contains only particles passing
the No. 10 sieve. The mass of air-dried soil selected for
purpose of tests, as prescribed in Practice D421, shall be
sufficient to yield quantities Tor mechanical analysis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum size of particle, according to
the following schedule:

Nominal Diameter of
LanjeM Particles,

In. (mm)

V. (19.0)
1 (25.4)
IVt (3S.I)
2 (501)
3 (76J)

Approximate Minimum
Mu§ of Portion. |

500
1000
2000
3000
4000

• 5000

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the sofl on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

MOTS 8—A check on the man value* and the tboraughneu of
pulverization of the clods may be secured by weighing the portion
passing the No. 10 sieve and adding this value io the mass of the washed
and oven-dried portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
(2JM>-mm) SIEVE

6. Procedure
6.1 Separate the portion retained on the No. 10 (2.00-

mm) sieve into a scries of fractions' using the 3-in. (75-mm),

Matrie Equivalent*

m. 99%
1

25.4
3

76.2
61*
1582

14
356

37
940

no. 4 Insulated Water Bath

2-in. (50-mm), IVi-in. (37.5-mm), I-in. (25.0-mm), %-jn.
(19.0-mra), H-in, (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarring
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sieve by hand. Continue
sieving until not more than 1 mass % of the residue on a
sieve passes that sieve during 1 min of sieving. When
mechanical sieving is used, test the thoroughness of sieving
by using-the hand method of sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming to the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING T1IK NO. 10 (2JtM) SIEVE

7. DdcraiaatkM of Compute Correction for Hydrometer
Reading

7.1 Equations for percentages of nil remaining in suspen-
sion, as given in I4J, are based on the use of distilled or
dcminenlizcd water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting liquid is
jpfMpf'afriy greater than that of <***HiVd or demineralized
water.

7.1.1 Both soO hydrometers are calibrated at 68T(20*C),
and variations in temperature from this standard tempera*
tuie produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the variation
from the standard temperature in

0422

9.2 Place the sample in the 250-mL beaker and cover with
125 mL of sodium hexametaphosphate solution (40 g/L).
Stir until the sofl b thoroughly wetted. Allow to soak for at
least 16 h.

9.3 At the end of the soaking period, disperse the sample
further, using either stirring apparatus A or B. If stirring
apparatus A is used, transfer the soil • water slurry from the
beaker into the special dispersion cup shown in Fig. 2,
washing any residue from the beaker into the cup with
distilled or demineralized water (Note 9). Add distilled or
demineralized water, if necessary, so that the cup b more
than half full Stir for a period of 1 min.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the mcnhrm formed by the liquid
on the stem. Since it b not possible to secure readings of sofl
Httpcntioos at the bottom of the meniscus, rcadints must be

log top and a correction
7.1 J The net amount of the corrections for the three

hems enumerated is designated as the composite correction,
and may be determined experimentally.

12 For convenience, a graph or table of composite
corrections for a Uriel of 1 temperature differences for the

of expected test temperatures may be piepaied and
•scd as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interne-
diate lemDeratuxesr calculated assu^nmsi a strafluu*uoe rela-

the two observed
7 J Piepwc 1000 mL of bqod composed of ditlflVd or

proportion as win prevail in the KOI menial ion (hydrometer)
test Phce the Squid in • sedimentation cycfinder and the
cyfindei in the commiMcinptiatmc wMer bath, act for one
of the two mnptiaturts to be used, when the frinTf f*!1"* of

after a short interval to permit the njdimmtu to come to the
temperaiuie of the liquid, read the hydiuumu at the top of
the mentscBS facmco OB the stem. FM hydromclef 15 In the
composite correction B the difference between this reading
and ooe; for ujdrosflelei I52H it is the deference between
the reading and zero. Bring the liquid sod the hydrometer to
the other tnnpeialure to be used, and secure the composite

8.1 When the sample is weighed for the hydrometer test,
weigh out an anxSary portion of from lOto 15 ginasmafl
metal or glass contupfr, dry the sample to a constant mass in
an oven at 230 ± 9T (1 10 ± 5*CX and weigh stain. Record

9.
9.1 When the soil b mostly of the day and sih sizes, weigh

out a uinplf of air-dry sou of appcoiiiualety 50 g. When the
soil is mostly sand the sample should be approximately 100
t-

Non 9—A taraa ane syriaae b a convenient device for handling the
watei in the vjasbtasj opcramo. Other devices include the wash.water
bonk and a hose with nozzk connecfcd to a pressurized distilled water
tank.

9.4 If stirring apparatus B (Fig. 3) b used, remove the
cover cap and connect the cup to a compressed air supply b«
means of a rubber hose. A air gage must be on the liw
between the cup and the control valve. Open the controT
valve so that the gage indicates I psi (7 kPa) pressure (Note
10). Transfer the sofl • water shiny from the beaker to the
air-jet disperskM cop by washing with distilled or
demineralized water. Add distilled or demineralized water, if
necessary, so that the total volume in the cup b 250 mL, but
no more.

Non 10—The initial air
sol - water mutnre from col

of I pet is required to prevent the
the air-jet chamber when the mixture

is tnmlcffDo 10 lac cvspcouii cvp.
9.5 Place the cover cap on the cup and open the air

control valve until the gage pressure b 20 psi (140 kPa).
Disperse the sofl according to the following schedule

DvpcrMM IViiodt

Un*r5 5
«M20 10
OerM 15

Sofls containing large percentages of mica need be <
for only I min. After the dispersion period, reduce the gage
pressure to 1 psi preparatory to transfer of soil - water slurry
to the andi mentation cyBoder.

fA "—« — "•—»IV. nywMMBBr lest
10.1 Immediately after o^persion, transfer the soil -water

slurry to the glass irdinifiiinion cytinder, and add distilled
or democratized water until the total volume b 1000 mL.

10.2 Using the pahn of the hand over the open end of the
cytinder (or a rubber stopper in the open end), turn the
cytinder upside down and back for • period of 1 min to
complete tea*itatic« of te stony (Note 11). At the end of
1 min set the cytinder in a convenient location and ike
hydrometer readings at the following intervals .me
(measured from the beginning of sedimentation), or as many
as may be needed, depending on the sample or the specifica-
tion for the material under test 2. 5. IS. 30, 60. 250, and
1440 min. If the controlled water bath b used, the sedimen-
tation cytinder should be placed in the bath between the 2-
and;

of taaVaV OMM£ tfett moiife should DC
the tarn •pride down and back as two turns.
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Any soil remaining in the bottom or the cylinder during the first few
turns should be loosened by vigorous shaking of the cylinder while it is
in the inverted position.

10.3 When it is desired to take a hydrometer reading,
carefully insert the hydrometer about 20 to 25 s before the
reading is due to approximately the depth it will have when
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning motion
in a graduate of clean distilled or democratized water.

NOTE 12—It is important to reu.ove the hydrometer immediately
after each rending. Readings shall be taken at the top or the meniscus
formed by the suspension around the stem, since it is not possible to
secure readings at the bottom of the meniscus.

10.4 After each reading, take the temperature of the sus-
pension by inserting the thermometer into the suspension.

11. Sieve Analysis
11.1 After taking the final hydrometer reading, transfer

the suspension to a No. 200 (75-um) sieve and wash with tap
water until the wash water is clear. Transfer the material on
the No. 200 sieve to a suitable container, dry in an oven at
230 ± 9*F (110 ± S*C) and make a sieve analysis of the
portion retained, using as many sieves as desired, or required
for the material, or upon the specification of the material
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
originally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soil passing the Vt-in. (9.5-mm) sieve, add to the total mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the %-in. sieve and retained on the No. 4 sieve. For the
remaining sieves, continue the calculations in the same
manner.

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the total
mass of sample and multiply the result by 100.

13. Hygroscopic Moisture Correction Factor
13.1 The hydroscopic moisture correction factor is the

ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a number less than one,
except when there is no hygroscopic moisture.

14. Percentages of Soil in Suspension
14.1 Calculate the oven-dry mass of soil used in the

hydrometer analysis by multiplying the air-dry mass by the
hygroscopic moisture correction factor.

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10

TABLE 1 Values of Correction Factor, a, for Different Specific
Qravltlet of Soil Particles4

Specific Gravity Correction Factor *
2.95
2.90
2.85
2.BO
2.76
2.70
2.65
2.60
2.55
2.50
2.45

0.94
0.95
0.96
0.97
0.98
0.99

1.00
1.01
1.02
1.03
1.05

* For use In equation for percentage of soil remaining In suspension when using
Hydrometer 152H.

(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight W in the equation for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note 13): For
hydrometer 151H:

P - 1(100 000/W) X G/(G - <7,)P - d)

NOTE 13—The bracketed portion of the equation for hydrometer
I5IH is constant for a series of readings and may be calculated first and
then' multiplied by the portion in the parentheses.

For hydrometer 1S2H:
P-(Ra/W)x 100

where:
a a correction faction to be applied to the reading of

hydrometer 152H, (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Table 1),

P • percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,

R » hydrometer reading with composite correction ap-
plied (Section 7),

W - oven-dry mass of soil in a total test sample repre-
sented by mass of soil dispersed (see 14.2), g,

G - specific gravity of the soil particles, and
Gt - specific gravity of the liquid in which soil particles are

suspended. Use numerical value of one in both
instances in the equation. In the first instance any
possible variation produces no significant effect, and
in the second instance, the composite correction for R
is based on a value of one for G\.

15. Diameter of Soil Particles
15.1 The diameter of a particle corresponding to the

percentage indicated by a given hydrometer reading shall be
calculated according to Stokes* law (N- •. 14), on the basis
that a particle of this diameter was f <. uic surface of the
suspension at the beginning of sedimentation and had settled
to the level at which the hydrometer is measuring the density
of the suspension. According to Stokes' law:

D - V(30rt/980(C7 - <?,)) X L/T
where:
D « diameter of particle, mm,

I
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n • coefficient of viscosity of the suspending medium (in
this case water) in poises (.•arics with changes in
temperature of (he suspending medium),

L * distance from the surface of the suspension to the
level at which the density of the suspension is being
measured, cm. (For a given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known u effective
depth (Table 2)X

T *> interval of time from bet mint of sedimentation to
the taking of the reading, min,

G - specific gravity of soil particles, and
G, - specific gravity (relative density) of suspending me*

dium (value may be used as 1.000 for all practical
purposes).

NOTE H Since SUhes' bw coniden. he tcrmind velocity of •
SM(|C vhcre bOrac •• *" iafinity of Sqvid, the axes calcabud repnacnt
the damacr of mbem dot wovhJ Ed at the SMM rate as the nil
px ticks.

15.2 For convenience in
may be written as follows:

lculations the above equation

where
K • r""tiafit on the temperature of the suspen-

sion and the specific gravity of the soil partidrt. Values
of AT for a range of temperatures and specific gravities
are given in Tabte 3. The value of JC does not change for
a scries of readings constituting a test, whfle values of L
and 7 do vary.

ISJ Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. sCde rule.

Nora 15—nK

It, Sieve Analysis Vibes far Porte

16.1 Calcobtion

No. II

used tn sKving the portion of the samplf from the hydrom-
eter tat involves Jcvual steps. The first step is to calculate
the max of the fraction that would have beat retained on the
No. 10 sieve had it not bee* removed. This mss a equal to
the total percentage nuimd OB the No. 10 sxve (100 minus
tOt)l DCVOCQCHC DUBOMu tUBCS uftC flUHB Of IDC vOttl

rcpresenied by the mass of sol osed (as cakatalcd in
and the result divided by 100.

swe. Add together the fractional masws rrtaincj on aO the
SKVU, including the No. 10 SKVC, and subtract this sum from
the mass of the total sample (as calculated in 14.2).

I6J Cakubte next the toti" masses passing each of the
other sieves, in a manner sim. , j that given in I2i

16.4 CiVtttw last the toW percentages p*'i*"ft by <fr-
•ndtng the total mass passing (as calculated in I6J) by the
tool m» of sanipk(xt calculated in 1 4 J). and multiply the
resottby 100.

17. Graph
17.1 When the hydrometer analysis b performed, a graph

0422

TABLE 2
SodbnonMlon CyOMar of SpccMad Steot*

HyvWMlby lolH

ACUI
LĴ tMM^̂ M
• IJljPWI61S r̂

RMdng

1JXO
1.001
1.002
1.003
1404

1405

1406
1407
1406
1409
1410

1411
1412
1413
1414
1415

1416
1.017
1416
1419

1420

1421
1422
1423
1424

1426
1427
1426
1429
1430

1431
1432
1439
1434
1438
14M
1JJ37
1436

Ocpn.
L,an
16J
164
154
154
152
154

14.7
14.4
14J
134
1X7

1X4
1X1
124
124
12J

12.1
114
11J
11J
114

10L7
104
102
104
9J

9.4
12
64
64
6.4

6.1
74
74
7J
74
U
64
U

AcUJ
U t̂fOM^M^ t̂arT^vnmpj6j|

ftMdng
0
t
2
3
4
5

6
7
6
9
to
11
12
13
14
15

16
17
16
19
20

21
22
23
24
25

26
27
21
29
30

*

HydroMftr 152H

r Dcpm.
Lem
16J
16.1
164
154
15.6
ISJ

ISJ
15J
154
144
14.7

144
14J
14.2
144
134

1X7
1X6
1X3
1X2
134

124
UJ
124
12.4
124

124
114
11.7
114
11.4

Aeturi•L^ .̂M_^^Hn̂ BBn̂ BBI

RMdng
31
32
33
34
35

36
37
36
39
40

41
42
43
44
45

46
47
46
49
60

51
52
53
54
55

66
87
51
59
60

Eifecftn
r Depil,

L.O*

11.2
11.1
104
10.7

104

10.4
102
10.1
9.9
9.7

9.6
9.4
92
9.1
64

6.6
64
6.4
6J
8.1

74
74
74
7.4
74

7.1
74
64
64
6J

•ctovofoicbribioaie

ofthetertreMttsshaBbe
partides OB a logarithmic
percentages pnalW than the

plotting the diameters of tne
fc as the abscissa and the
nesponcBng diameters to an
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TABLE 3 Values of". for Use in Equation for Computing Diameter of Particle In Hydrometer Analysis

Twnporaturo. Sprite Qravlly of Sod Particles

*C 2.45 2.50 2.55 2.60

16 0.01510 0.01505 0.01481 0.01457
17 0.01511 0.01486 0.01462 0.01430
18 0.01492 0.01467 0.01443 0.01421
19 0.01474 0.01449 0.01425 0.01403
20 0.01456 0.01431 0.01408 0.01386

21 0.01438 0.01414 0.01391 0.01369
22 0.01421 0.0(397 0.01374 0.01353
23 0.01404 0.01381 0.01358 0.01337
24 0.01388 0.01365 0.01342 0.01321
25 0.01372 0.01349 0.01327 0.01306

26 0.01357 0.01334 0.01312 0.01291
27 0.01342 0.01319 0.01297 0.01277
28 0.01327 0.01304 0.01283 0.01284
29 0.01312 0.01290 0.01269 0.01249 '
30 0.01298 0.01276 0.01256 0.01236

arithmetic scale as the ordinate. When the hydrometer
analysis is not made on a portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulated data.

18. Report

18.1 The report shall include the following:
18.1.1 Maximum size of particles,
18.1.2 Percentage passing (or retained on) each sieve,

which may be tabulated or presented by plotting on a graph
(Note 16),

18.1.3 Description of sand and gravel particles:

1 8. 1 .3. 1 Shape— rounded or angular,
18.1.3.2 Hardness— hard and durable, soft, or weathered

and friable,
18.1.4 Specific gravity, if unusually high or low,
18.1.5 Any difficulty in dispersing the fraction passing the

No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion period.

NOTE 16 — This tabulation of graph represents the gradation of the
sample tested. If panicles larger than those contained in the sample were
removed before testing, the report shall so state giving the amount and
maximum size.

18.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The fractions smaller than the No. 10 sieve

2.65 2.70 2.76 2.80 2.85

0.01435 0.01414 0.01394 0.01374 0.01356
0.01417 0.01396 0.01376 0.01356 0.01338
0.01399 0.01376 0.01359 0.01339 0.01321
0.01382 0.01361 0.01342 0.1323 0.01305
0.01365 0.01344 0.01325 0.01307 0.01289

0.01348 0.01326 0.01309 0.01291 0.01273
0.01332 0.01312 0.01294 0.01276 0.01258
0.01317 0.01297 0.01279 0.01201 0.01243
0.01301 0.01282 0.01264 0.01248 0.01229
0.01286 0.01267 0.01249 0.01232 0.01215

0.01272 0.01253 0.01235 0.01218 0.01201
0.01258 0.01239 0.01221 0.01204 0.01188
0.01244 0.01258 0.01208 0.01191 0.01175
0.01230 0.01212 0.01195 0.01178 0.01162
0.01217 0.01199 0.01162 0.01165 0.01149

(/) Gravel, passing Wn. ind retained on No. 4 sieve %
(2) Sand, pissing No. 4 sieve md retained on No. 200 sieve %

(a) Coane land, passing No. 4 sieve and retained on %
No. 10 sieve

(&) Medium sand, passing No. 10 sieve and retained on %
No. 40 sieve

(c) Fine sand, patting No. 40 sieve and retained on No %
200 sieve

(J) Silt size, 0.074 to 0.005 mm *
(¥) Clay size, smaller than 0.005 mm %

Conoid*, smaller than 0.001 mm %

18.4 For materials for which compliance with definite
specifications is not indicated and when the soil contains
material retained on the No. '4 sieve sufficient to require a
sieve analysis on that portion, the results may be reported as
follows (Note 17):

SIEVE ANALYSIS

Percentage
Sieve Size Passing

3-ln.
2-in.
UMo.
1-in.
%-in.
H-in.
No. 4 (4.73-mm)
No. 10 (2.00-mm)
No. 40 (42S4im)
No. 200 (75*um)

HYDROMETER ANALYSIS

0.074 mm
0.005 mm
0.001 mm

shall be read from the graph.
18.3 For materials for which compliance with definite

specifications is not indicated and when the soil is composed
almost entirely of particles passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be reported as
follows:

NOTE 17—No. 8 (2.36-mm) and No. 50 (300-um) sieves may be
substituted for No. 10 and No. 40 sieves.

19. Keywords

. 19.1 grain-size; hydrometer analysis; hygroscopic mois-
ture; particle-size; sieve analysis
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U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Denise Boone

C. Telephone Number: (312) 886-1488

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis for total organic carbon (TOC) in monitoring well
samples. All aqueous samples will be filtered. Results are
reported as mg/1 C.

Analysis for TOC in soil (air-dried, all screened through
100 or 140 mesh). Applicable concentration 0.1%-2.0% or
more. Detailed information must be provided with Case
Narrative for test procedures, instrumentation/apparatus,
and QC used. See Attachment 1.

2. Definition and number of work units involved (specify
whether whole samples or fractions; whether organics or
inorganics; whether aqueous or Soil and sediments; and
whether low, medium, or high concentrations):

Seven soil samples containing low levels of TOC will be
collected in Phase I. Twenty nine aqueous samples
containing low levels of TOC will be collected in Phase II.



3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund enforcement

4. Estimated date(s) of collection: .

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

Waters: EPA Method 415.1, the combustion method.

Soils: See Attachment 1

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

Waters: Samples will be preserved with 1 ml/1 H2SO4 to pH<
2. Samples should be stored at 4oC until the time of
analysis. Any remaining sample should be stored in the same
manner until the validation and the acceptance of the sample
result. The holding time is not to exceed 28 days from
sample collection. The calibration curve must include at
least 5 standards. (One of the standards must be zero
concentration).

Soils: See Attachment 1.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Waters: Test procedures and specific instrument conditions
should be clearly identified. Bench records tabulating



order of calibration standards, lab blanks, samples, lab
control standards, spikes, duplicates, etc., will be
provided along with copies of work-sheets used to calculate
results. Specify the organic compound used to prepare
standards and spikes. A photocopy of the instrument
readout, (i.e. stripcharts, printer tapes, etc.) Bust be
included. All records of analysis Bust be legible and
sufficient to recalculate all sample concentrations and QA
audit results.

Soils: See Attachment 1.

10. Other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact:

David Shekoski Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter Detection
Limit

Precision Desired
(+/- % or cone.)

Total Organic
Carbon

2 mg/1

Organic
Carbon % in
soil

0.10%
Report
actual
det.lim.
if
sBaller.

Difference in duplicate results
should not exceed ± 10 % for
concentrations > 20 Bg.l or 2 mg/1
for concentrations less than 20
•9/1

± 20% on duplicate sample results



II. QUALITY CONTROL REQUIREMENTS

Audits Required

Matrix Spike**

SOILS: Positive Control
(To be determined by lab)

Lab Blank (1 liter of
tapwater at pH < 2)

SOILS: Prep Blank

Lab Duplicate

SOILS: Duplicate Samples

Calibration Verification
Std.

SOILS: Instrument
Calibration checks and
Calibration Blanks (if
appropriate)

Frequency of
Audits

At least 1 per
group of 20 or
fewer samples

1 in 10
samples

At least l per
group of 10 or
fewer samples

1 in 10
samples, or at
least twice.

At least 1 per
group of 10 or
fewer samples

1 in 5 samples

1 per group of
10 or fewer
samples

1 in 10 or
fewer samples

Limits*
(±% or cone)

85-115% Recovery

85-115% Recovery

< 2.0 mg/1

< 0.1%

± (10% or 2.0
mg. 1)

< 20% RPD in
differences of
dup. sample
results, or <0.2%
differences at
samll
concentrations

90-110%

90-110% Recovery
for calibration
check, and <0.1%
total Carbon for
assumed routine
sample weight.

* See Section III
** Matrix spike concentrations will be greater than 30% of
the sample concentration, but spiked sample shall not exceed
the working range of the standard curve or titration.



III. Action required if Limits are Exceeded:

Take corrective action and reanalyze samples - Contact
Denise Boone f3121-886-1488.

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management Office.



ATTACHMENT 1

METHOD FOR DETERMINATION OF TOC IN SOIL
(As supplied by U.S. EPA
Quality Assurance Office)

Determination of organic carbon (percent) in soil, using
subaliquots of air-dried soil, passed through a 100 mesh to
140 mesh screen. All of the subaliquot must pass the screen.
Applicable organic carbon concentration range of interest is
0.1 to 2 percent (or larger) in soil, (dry weight basis).
Laboratory may report lower concentration values.

Test procedures used for determining soil shall be the 1) dry
combustion (resistance furnace), 2) dry combustion (induction
furnace), 3) dry combustion (automated methods), or 4) wet
combustion (combustion train) methods of analysis specified
by Table 29-1 of "Methods of Soil Analyses," Part 2—Chemical
and Microbiological properties, 2nd ed., 1982, American
Society of Agronomy, and Soil Science Society of America,
Madison, Wisconsin.

Any automated dry combustion test procedure used must pro-
vide results consistent with the other three methodologies
and must be consistent with the requirements of Chapter 29,
Sections 29-1, 29-2, and 29-3, "Methods of Soil Analysis"
(MSA) Part II, 2nd ed., as appropriate. Soils can be cal-
cerous or noncalcerous soils, with varying amounts of organic
carbon. Soils determined may be subsurface as well as sur-
face soils. If peat or muck soils are ever encountered, the
laboratory will provide with the case narrative, limitations
of any sample results and any solutions to problems encoun-
tered. This is also true for any other problem sample types
encountered.

The laboratory, providing organic carbon analysis data, will
provide information with the case narrative concerning meth-
odology, instrumentation, and specific QA practices used f6r
the set of soils tested. Requested information is detailed
in the following material.

ANALYTICAL METHODS—ORGANIC CARBON IN SOIL

SAMPLE PREPARATION

Representative subaliquot of air-dried soil (see percent
solids SAS) screened through 100 or 140 mesh as appropriate.
All of the subaliquot must pass this screen.

TEST FOR PRESENCE OF INORGANIC CARBON, MSA, PART II,
SECTION 29-3.3.1

Place finely ground soil on a spot plate, and moisten with a
few drops of water. Add 4 N HC1 dropwise to the wetted



sample and observe any effervescence. Allow sufficient time
for dolomite to react (-5 min.). If inorganic carbon is
absent proceed with Total Carbon in items No. 7c, or 7d
below. If inorganic carbon is present, or the test is not
definitive, proceed with items No. 7e, or 7f prior to Total
Carbon measurements of Item No. 7c or 7d.

TOTAL CARBON (DRY COMBUSTION), MSA, PART II,
SECTION 29-2.2.2

Use this as a guide for instrumental specifications. Instru-
ment must test solid sample directly. Illustrative examples
of this methodology are:

o Total Carbon (Dry Combustion—Medium Temperature
Resistance Furnace), MSA, Part II, Section 29-2.2.3.

o Total Carbon (Dry Combustion—High Temperature
Induction Furnace), MSA Part II, Section 29-2.2.4.

o Total Carbon (Dry Combustion—Other Instrumental
Methods), MSA, Part II, Section 29-2.2.5. Any
other instrumentation such as this must be justi-
fied and provide results as precise and accurate
as the results from Sections 29-2.2.3 and 29-2.2.4.

TOTAL CARBON (WET DIGESTION), MSA, PART II.
SECTION 29-2.3.2

Soil digested in 60:40 mixture of sulfuric acid and phosphoric
acid (containing K-CrO-r) • C02 ev°lved is absorbed and weighed,
or absorbed in standard base and titrated.

o Specific examples are found in MSA, Part II, Fig-
ure 29-2, and Section 29-2.3.3.

PRETREATMENT PRIOR TO DRY COMBUSTION, MSA,
PART II. SECTION 29-3.3.3

Inorganic carbon is removed by treating sample in a combus-
tion boat, with 5 percent sulfurous acid (Ĥ SÔ ). After
several hours, remove the excess H2S03 by leaving overnight
in an evacuated dessicator. Read citation for further
details.

PRETREATMENT PRIOR TO WET DIGESTION, MSA,
PART II, SECTION 29-3.3.2

Inorganic carbon is removed by sulfuric acid—ferrous sul-
fate reagent in apparatus used for total carbon (Wet Diges-
tion) prior to Total Carbon measurement. See citation for
further details.



Use only the methods specified above or obtain approval of
CPMS, CRL prior to use of other method. Test procedure
description, and description of specific measurement princi-
ples including equivalency to each of the 10 items in Fig-
ure 29-1 of MSA, Part II and sample pretreatment of Sec-
tion 29-3, MSA, Part II.

Laboratory performing Total Carbon determinations must use
and have a recognized procedure for removal of any inorganic
carbon in sample.

A variety of apparatus, instrumentation, sample preparation
systems and read-outs can be used. It is the responsibility
of the laboratory to provide appropriate QC audits and QC
data with each set of samples tested.

If instrumentation requires calibration, provide calibration
curve, including zero concentration standard and preparation
blanks. Provide positive control (a test sample prepared
independently from calibration standards) that provides a
measure of accuracy of system. This should be done for all
systems including gravimetric read-outs.

ANALYTICAL RESULTS REQUIRED

As part of Case Narrative, attach description of test proce-
dure and instrumentation used for measurement of Total C and
removal of any Inorganic C. Test procedure description must
include sufficient information that the nature of specific
analytical result deliverables can be determined including
QC audits. In Case Narrative, discuss any problem type sam-
ples (including peat or muck soils), limitations on any sam-
ple results, and solution taken to resolve any problems. A
sample preparation log will be provided, as appropriate.

Bench records tabulating any order of any sample weights and
tare weights of absorbed CO-, instrument calibrations, blanks,
QA audits, etc., must be provided along with copies of any
worksheets used to calculate results. Include copies of any
instrument read-outs. All must be legible. Report results
as percent organic Carbon on a dry weight basis (103-105").

GLT826/10



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Denise Boone

C. Telephone Number: (312) 886-1488

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of chloride in monitoring well water samples.
Results are reported in mg/1 chloride.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low,
medium, or high concentrations):

During Phase II, twenty nine aqueous samples will be
collected containing low concentrations of chloride.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

Superfund - Enforcement

^

4. Estimated date(s) of collection: .



5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipments by overnight
carrier.

6. Approximate number of days results required after lab
receipt of samples:

Laboratory should report results within 14 days of receipt
of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program):

1. EPA Method 325.1 (Colorimetric, Automated
Ferricyanide, AA-I) 1983 ed., or

2. EPA Method 325.2 (Coloriraetric, Automated
Ferricyanide, AA-II) 1983 ed.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc.):

Samples should be stored at 4OC until the time of analysis.
Any remaining sample should be stored in the same manner
until the validation and the acceptance of the sample
result.

Sample holding time is 28 days from date of collection.

Use a standard curve between 0 and 200 mg/1 or less.

The calibration curve should include 5 points or more
(including a zero concentration standard).

Samples with absorbance or peak heights greater than the
highest standard must be diluted and reanalyzed.

9. Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

The test procedure used will be clearly identified. Bench
records tabulating order of calibration standards,
verification and control standards, samples, matrix spikes,
titrant blanks, etc. with resulting peak height,
concentration, or absorbance read-outs will be provided with



copies of work sheets used to calculate results. A
photocopy of instrument readouts, (i.e., strip charts,
printer tapes, etc.) Bust be included for all analysis. All
records of analysis and calculation Bust be legible and
sufficient to recalculate all sanple concentrations and QA
audit results.

10. Other (use additional sheets or attach supplementary
information, as needed):

11. Name of sampling/shipping contact:

David Shekoski Phone: (414) 272-2426

I. DATA REQUIREMENTS

Parameter Detection
Limit

Precision Desired
(± % or cone.)

Chloride 2 mg/1 Difference in duplicate sample
results are to be < 2 mg/1 for
concentrations <50 mg.l and are
to be <10% for concentrations
exceeding 50 mg/1. The
significant figures to report
depends on sensitivity of
colorimetric curve or the number
of significant figures in titrant
volume.



U.S. Environmental Protection Agency SAS Number
CLP Sample Management Office [ ]
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[X] Regional Transmittal [ ]Telephone Request

A. EPA Region and Site Name: Region V, Carter Lee Lumber

B. Regional Representative: Denise Boone

C. Telephone Number: (312) 886-1488

D. Date of Request:

Please provide below a description of your request for Special
Analytical Services under the Contract Laboratory Program. In
order to most efficiently obtain laboratory capability for your
request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in
delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of soils by Toxicity Characteristic Leaching
Procedure (TCLP) — Method 1311 of Federal Register June 29,
1990 for the eight̂ •egulated metals. TCLP sample extracts
must be prepared within 28 days df~~the date of sample
collection for Hg and 180 days for all other metals. Use a
minimum sample aliquot of TCLP extract to determine
compliance with TCLP regulatory levels.

2. Definition and number of work units involved (specify whether
whole samples or fractions; whether organics or inorganics;
whether aqueous or Soil and sediments; and whether low,
medium, or high concentrations):

Ten low concentration soil samples will be collected during
the Phase II sampling event.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):



Superfund enforcement.

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

Method of shipment will be daily shipment by overnight
carrier.

6. Approximate number of days results required after lab receipt
of samples:

Oamplea must be exHaiLed xithin 20 dayc of collection for
flg and within 180 days- for all other metal&f TCLP- extracts
must fr* annlyarrt irithin 29 days nf extraction for Hg. Data
package due ̂ 14 days of receipt of samples.

7. Analytical protocol required (attach copy if other than a
protocol currently used in this program) :

Method 1311 of Federal Register - June 29, 1990 for
extraction. CLP SOW 7/88 or ILM01 for analysis of extracts
with modifications of Attachment I and Table 1.

8. Special technical instructions (if outside protocol
requirements, specify compound names, CAS numbers, detection
limits, etc. ) :

See Attachment I and Table 1. Soils will be collected in 1-
liter wide-mouth glass jars for metals. Samplers are
instructed to add only soil. It interstitial water is
present on arrival the laboratory, please remix water with
soil prior to initiation of Method 1311. Standardize the
acetic acid solutions (Section 5.7.2), and the IN HC1
(Section 5.3) by titrating with standard 0.1N NaOH before
use. Must be within + 5% of required value.

Analysis of diluted TCLP extract will bo—done using SOW 7/88
or ILM01 and QC requirements of Mfeaehaent IT> CASE
NARRATIVE MUST DISCUSS ANY SAMPLE PROBLEMS

Analytical results required (if known, specify format for
data sheets, QA/QC reports, Chain-of Custody documentation,
etc.). If not completed, format of results will be left to
program discretion.

Attachment I and Method 1311 provide information for
extraction. Use SOW 7/88 or ILM01 for providing Table 1
constituents. Separate Form I's are to be provided for



Table 1 constituents and for Table 1 constituents corrected
will also include extraction information of Items "a"

through "e" and Item "g" of Attachment I.

10. Other (use additional sheets or attach supplementary
information, as needed):

Data rejection and non payment will be recommended if the
laboratory does not follow the methods referenced in this
SAS. Lab must submit all original field documentation
(COCs, tags, SAS PLs, etc.) and originals for data to the
Region in the time frame referenced in Section 6 of this SAS
(analogous to a RAS-CSF).

11. Name of sampling/shipping contact: David Shekoski

Phone: (414) 272-2426

I. DATA REQUIREMENTS

Desired Duplicate
Parameter Detection Limit Precision

(±% or Cone.)

See Table l see Table 1 Use ±25%
All ICP measure- difference(advisory
ments of SOW 7/88 for TALS)
or ILM01 are to
be included but
remaining TALs need
not be reported.



II. QUALITY CONTROL REQUIREMENTS

Audits Required

Matrix Spike**

Lab Duplicate

Lab Blank

Calibration
Verification Std.

Frequency of Audits

1 per group of 20
or fever samples

1 per group of 10
or fewer samples

1 per group of 10
or fewer samples

1 per group of 10
or fewer samples

Limits*
( ± % or cone . )

85-115% Recovery

± (10% or 5 mg/1)

< 5 mg/1

90-110% Recovery

* See Section III
** Matrix spike concentrations will be greater than 30% of
the sample concentration, but spiked sample shall not exceed
the working range of the standard curve or titration.

III. Action Required if Limits are Exceeded:

Take corrective action and reanalyze supples
Denise Boone ( 312) -886-1488.

— Contact

Please return this request to the Sample Management Office as
soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the Sample Management Office.



II. QUALITY CONTROL REQUIREMENTS

Audits Required

TCLP Extraction

Preparation Blank
for Extract Fluid #1
(see 7.1.4.4 of Method
1311)

Prep. Blk. for Extract
Fluid #2, if necessary

Analysis of TLCP Extracts

Preparation blank for
TCLP Extract
Determinations

MS/MSD
(See Table 1)

All other QC audits per
SOW 7/88 or ILM01

Frequency of
Audits

Each set of
solid samples

Same

Per
appropriate
SOW and set-up
with each TCLP
extract batch

See Table 1
(required for
inorganics)
1 for each set
of 8 sample
extracts.

Per SOW 7/88
or ILM01

Limits*
(±% or cone)

<5% of Regulatory
levels of Table
1. Discuss in
case narrative if
larger than CRDLs
of SOW.

Same

CRDL of
appropriate
SOW for Table 1
constituents.

Advisory - used
to correct TCLP
values recovery.
See Note 1 of
Table 1. RPD
< 20% (MS/MSD)

Per SOW 7/88 or
per ILM01

III. Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples - Contact
Denise Boone (312) 886-1488. Reanalysis of TCLP extracts
may be necessary per requirements of Note I to Table 1.

Please return this request to the Sample Management Office (SMO)
as soon as possible to expedite processing of your request for
special analytical services. Should you have any questions or
need any assistance, please call the SMO.



ATTACHMENT I

TCLP Extraction will be done by Federal Register of June 29, 1990
(attached) including bottle extraction for metals. Samples will

\>*t be wet soils -«>*• ̂ ]̂mfn̂ f̂ therefore, thê f iltration procedure «
0 (Section 7.1.1.7 of attached procedureV̂ iiSŷ produce interstitial
water. Also any water collecting on top of sediment or soil is
not to be discarded, but »ixed with sample prior to filtration or
% solid determination (Section 7.1.1). TCLP Extracts may be a
combination of liquid filtrate and solid TCLP extracts (see
Sections 7.2.13.2 and 7.3.14) but will depend on the physical
nature of the soils collected. Particle size reduction is not
expected to be necessary for these soils. Sample preparation
logs will be needed to record all required information of Method
1311 including (but not limited to) :

a. Weight (s) of extracted samples (lOOg minimum aliquot size is
required for 100% solids content) and volume of any filtrate
(Sections 7.2.2 and 7.2.5).

b. Preliminary evaluations of percent solids.
c. pH data for selection of Extraction Fluid /I or

(Section 7.1.4.2) .
d. Dates of each preparation step, with associated weights and

measured volumes.
e. pH value of final TCLP extract (Section 7.2.14)
f. Holding times (Section 7.4) are to be met and are to be

counted from the date of collection.
g. Record HC1 normality (Section 5.3) and acetic acid normality

(Section 5.7.2) (SAS par. 8) and measured pH of Extraction
fluids (Section 5.7.1 and 5.7.2). Record dates of each of
required measurements.

h. Standardization of Hydrochloric acid and acetic acid for
Extraction Fluid /I and Extraction Fluid #2.
1. The 1 H HC1 can be and will be standardized to 1.0 N

HC1 ± 5%.
2. The pH of Extraction Fluid /I will be 4.93 ± 0.05. No

Standardization of acetic acid can be done - See
Section 5.7.1 of Method in Federal Register 6-29-90.

3. The pH of Extraction Fluid #2 will be 2.88 ± 0.05.
Standardization of acetic acid is not mandatory but
will be done for informational purposes (Optional) and
will be compared to theoretical value of 5.7 ml.
glacial acetic acid diluted to 1 liter. Titration of
acetic acid normality can not be used for contract
compliance purposes if correct pH value is obtained
(2.88) .

i. TCLP combined extract aliquots will be acidified for
subsequent metals analysis (Section 7.2.14).

ITEMS "a" - "e" AND ITEM "g" MUST BE A PART OF FORM I REPORT.



Analysis of TCLP extracts will be done to determine compliance
with Regulatory Levels using minimum sample aliquot volumes
necessary for this purpose.

DETERMINATION SAMPLE ALIQUOT FINAL VOLUME TAKEN FOR
(ml) (mis) SOW ANALYSIS AFTER

DILUTION OF SAMPLE
ALIQUOT

Metals (ICP) 10 100

Metals (GFAA) 10 100

Hg (CVAA) 5 100

Sample aliquot sizes are to be minimized, as above, to alleviate
interferences from acetic acid/acetate buffer, to provide CRQLs
that are 10-20% of Regulatory Levels, and to expand the working
concentration range of the test procedures.

All constituents of Table 1 are required to be determined and
reported for TCLP extracts. Remaining TALs of 7/88 or ILM01 are
not required , except that all ICP emission spectroscopy
measurements required by SOW 7/88 or ILM01 are to be made and
included in raw data. A matrix spike (MS)/matrix spike duplicate
(MSD) for all constituents in Table 1 will be prepared and
determined using one of the TCLP soil extracts. The same extract
need not be used for all analyses (ICP, GFAA, or CVA).

MS/MSD results are advisory and used for calculation purposes.



TABLE 1
TCLP CONSTITUENTS TO BE DETERMINED BT METHOD 1311,

TCLP REGULATORY LEVELS, SAMPLE ALIQUOT VOLUMES TO BE USED,
AMD MS/MSD LEVELS AMD CRQL8 TO BE USED
7IMAL DILUTED SAMPLE ALIQUOTS (100 •!)*

CONTAMINANT
METALS
(SOW 7/88
or ILM01)

AS (GFAA)

Ba (ICP)

Cd (ICP)

Cr (ICP)

Pb (ICP
or GFAA)

Hg (CVAA)

Se (GFAA)

Ag (ICP)

REGULATORY
LEVEL
(ug/L)

5,000

100,000

1,000

5,000

5,000

200

1,000

5,000

SAMPLE
ALIQUOT
VOLUME
ml

10

10

10

10

10

500

10,000

100

500

500

5

10

10

MS/MSD CRQL
LEVEL IN FINAL
IN FINAL ALIQUOT
ALIQUOT DILUTION
(ug/L) (ug/L)

50

1,000

10

50

50

0.5

10

50

10

100

500

*NOTE: TCLP Extraction of June 29, 1990 requires correction of
constituent values for matrix spike recoveries. See Section 8.2
of Method 1311 of Federal Register June 29, 1990.

The average MS/MSD recovery developed for 1 of the soil extracts
will be applied to all of the soil extracts. It is not expected
that the samples will provide TCLP values that will exceed
Regulatory Levels; however, there is a finite chance that this
will occur.

If any on TCLP analyte in an extract exceeds Regulatory Levels,
the extracts reanalysis is unnecessary using a Regulatory Matrix
Spike concentration (see Section 8.2 of Method 1311).

If the concentration of the analyte after correction for the
matrix spike recovery is > 10% of but less than the regulatory
level, the TCLP extract must be reextracted using a smaller
aliquot and spiked at the regulatory level such that the native
analyte is at approximately the regulatory level.

If sample concentrations exceed the calibration range, sample
must be diluted to fall within the calibration range.



Appendix F

Field Measurements and Monitoring

PH

Method

Electrometric

References

Methods for Chemical Analysis of Water and Wastes, U.S. EPA, Method 150.1, 1983.

Orion SA250 pH Meter Instruction Manual, 1987, Part No. 205376-001, Orion
Research Incorporated, Boston, MA.

Orion Ross pH Electrode Instruction Manual, 1988, Part No. 502700-098, Orion
Research Incorporated, Boston, MA.

Sensitivity

0.01 pH unit

Range

1 to 12 pH units

Sample Holding Time

Less than 6 hours

Reagents

• pH buffer solutions for pH 4, 7, and 10
• Deionized water in squirt bottle
• 3 M KCL internal filling solution
• Storage solutions

Apparatus

pH meter
Combination pH and reference electrode
Beakers, plastic or glass
Spare battery
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Calibration (most pH Meters)

1. Select either pH 4 and 7, or pH 7 and 10 buffers, whichever wfll bracket the
expected sample concentration. Note: Mix all buffer solutions before use.

2. Place electrode in pH 7 buffer solution. Wait for the pH to stabilize and
adjust CAL until pH display reads 7.0.

3. Rinse electrodes and replace pH 7 buffer with either pH 4 or 10 buffer.

4. Wait for the pH value to stabilize. Adjust SLOPE untfl pH display reads 4.0
for the pH 4 buffer or 10.0 for the pH 10 buffer. Note: Slope values in the
92 to 102 percent range are acceptable.

5. Rinse electrodes and replace pH 4/10 buffer with pH 7 buffer.

6. If display reading is not 7.0, repeat steps 2 through 4.

Autocalibration (Orion SA 250)

1. Select either pH 4 and 7, or pH 7 and 10 buffers, whichever wfll bracket the
expected sample concentration. Note: Shake all buffer solutions before use.

2. Select pH mode and resolution (pH 0.1).

3. Press ISO and verify that the isopotential point is 7.0.

4. Place electrode and Automatic Temperature Compensation (ATC) probe in
pH 7 buffer.

5. Press CAL. The display wfll alternate between 0.1 and the pH value of the
buffer. Wait for the pH value to stabilize. Press ENTER. After a short
pause the display wfll advance to 0.2.

6. Rinse electrodes and ATC probe and replace pH 7 buffer with either pH 4 or
10 buffer.

7. Waft for pH value to stabilize. Press ENTER. The letters pH wfll be
displayed. The pH meter is calibrated and ready for use. Note: Slope values
in the 92 to 102 percent range are acceptable.

& Rinse electrode and ATC probe and place into sample. Read the pH directly.
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Calibration Frequency

Daily, at the beginning and end of the day, recheck calibration with pH 7 buffer once
every 10 samples and after maintenance.

Operating Procedure

1. Check all connections for tight fit.

2. Inspect electrodes (and ATC probe).

3. Check battery charge.

4. Perform calibration, at the beginning and end of the day.

5. Rinse the electrode with distilled water and then with the sample to be
measured.

6. Place electrode (and ATC probe) in previously mixed sample. Immerse
electrode such that junction is covered by sample.

7. When the display is stable, record sample pH.

8. Recheck calibration with pH 7 buffer solution once every ten samples.

9. After use store electrode. For short-term storage (up to 1 week) soak
electrode in manufacturer's recommended storage solution. For long-term
storage, the reference chamber should be filled and the filling hole securely
covered.

10. Cover the sensing element and/or reference junction with its protective cap
and a few drops of the manufacturer's recommended storage solution.

When calibrating the meter, use pH 4 and 7 buffers for sample with pH <7, and
pH 7 and 10 buffers for samples with pH >7. Measurement of pH is temperature
dependent. Therefore, temperatures of buffers and samples should be within 2°C.
This is not applicable for meters equipped with an automatic temperature
compensation probe.

Weak organic salts, inorganic salts, and oil and grease interfere with pH
measurements. If oil and grease are visible, note on data sheet. Clean electrode as
described in manufacturer's instrument manual.

Avoid rubbing or wiping electrode bulb to reduce chance of error from polarization.
To ensure a quick response and free-flowing liquid junction, the sensing element and
reference junction must not be allowed to dry out.
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Quality Control Requirements

Accuracy will be assessed by performing two measurements on two standard buffer
solutions that bracket the pH range of the samples. Recheck calibration with ph 7
buffer solution once every ten samples. Each measurement wOl be within ±0.05
standard unit of pH selection. Precision will be assessed by duplicate measurements
and must be less than or equal to 0.1 standard unit. Duplicates will be run at the rate
of one every ten samples.

Preventive Maintenance (Frequency)

1. Field equipment is inspected in the warehouse prior to delivery to the field.

2. Check batteries (daily).

3. Perform a two-point calibration (daily and after maintenance).

4. Inspect the electrode for scratches, cracks, salt crystal buildup, or membrane/
junction deposits. Rinse off any salt buildup with deionized water and remove
membrane/junction deposits as described in the manufacturer's operators
manual (as needed).

5. Clean electrode by soaking in 0.1M HCL or HNO, for 30 minutes, followed by
soaking in storage solution for at least 1 hour (as needed or when slow
response is observed).

6. Drain the reference chamber and flush it with the manufacturer's filling
solution (weekly).

Specific Conductivity and Temperature

References

Methods for Chemical Analysis of Water and Wastes, US. EPA Method 120.1, 1983.

YSI Models 33 and 33M S-C-T Meters, Instructions, November 1987, Item 021470,
Yellow Springs Instrument Co., Yellow Springs, Ohio.

Sensitivity

1 /imho/cm @ 25°C
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Range

0.1 to 100,000 jimho/cm.

Sample Holding Time

Determine onsite or within 24 hours.

Reagents

Distilled water in squirt bottle and standard potassium chloride solution.

Reagent Preparation

1. Stock Potassium Chloride (KC1) Solution (1.00 N): Dissolve 74.555 g KC1 in
distilled water and dilute to 1,000 mL in a volumetric flask.

2. Standard Potassium Chloride Solution (0.01 N): Dilute 10.0 mL of stock
1.00 N KC1 solution to 1,000 mL with distilled water using a volumetric pipet
and flask.

Apparatus

Conductivity meter and electrodes. Beakers or jars, plastic, or glass; spare batteries,
size D alkaline.

Calibration Procedure

1. Switch mode to OFF and unplug the probe, correct meter zero (if necessary)
by turning the adjustment screw so that the meter needle coincides with the
zero on the conductivity scale.

2. Switch mode to REDLINE, correct meter redline (if necessary) by turning the
adjustment screw so that the meter needle coincides with the redline on the
meter face. If this cannot be accomplished, replace the batteries.

3. Plug the probe into the probe jack.

4. Place the probe in the 0.01 N standard potassium chloride solution. Record
temperature (°C) and conductance (micromho/cm).

5. Correct conductivity reading for temperature. This value must correspond
(±10 percent) to the expected value in Table 1. If the calibration fails, then
appropriate corrective action must be performed and the instrument
recalibrated.
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Note: The temperature probe should be calibrated against a NBS, an ATSM
standard or equivalent thermometer before each sampling event.

Operation Procedure

1. Perform calibration at end and beginning of the day.

2. Switch mode to TEMPERATURE. Allow time for the probe temperature to
come to equilibrium with that of the water before reading. Read the
temperature on the bottom scale of the meter in degrees Celsius.

3. Switch mode to XI00. If the reading is below 50 on the 0 to 500 range (5.0 on
the 0 to 50 mS/m range), switch to XlO. If the reading is still below 50
(5.0 mS/m), switch to the XI scale. Read the meter scale and multiply the
reading by the mode factor. The answer is expressed in microohms/cm.
Measurements are not temperature compensated.

4. When measuring on the X100 and XlO scales, depress the CELL TEST
button. The meter reading should fall less than 2 percent; if greater, the probe
is fouled and the measurement is in error. Clean the probe and remeasure.

Operating Suggestions

• Obstructions near the probe can disturb readings.

• When the calibration test indicates low readings the probable cause is
dirty electrodes. Hard water deposits, oil, and organic matter are the
most likely contaminants.

• Caution: Do not touch the electrodes inside the probe. The plating
material is soft and can be scraped off.

• If cleaning does not restore the probe performance, replatinizing may
be required. Always rinse the probe thoroughly in tap water, then in
distilled or dekraized water after cleaning and before storage. It is best
(not required) to store conductivity cells in deionized water.

• Most problems in obtaining good records with monitoring equipment
are related to electrode fouling and to inadequate sample circulation.

Calibration Frequency

At the beginning and end of the day or after maintenance, recharge battery after each
use. Factory checkout and calibration shall be yearly or when malfunctioning.
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Calculations

Calculate conductivity using the formula:

GT

[1 + 0.02 (T-25)]

where:

625 = conductivity at 25°C, /imho/cm
T = temperature of sample, °C
GT = conductivity of sample at temperature T, /nmho/cm

Table 1
Conductivity Meter Calibration Table

Temperature
(°C)

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Conductivity
(Atmho/cm)

1,141.5
1,167.5
1,193.6
1,219.9
1,246.4
1,273.0
1,299.7
1,326.6
1,353.6
1,380.8
1,408.1
1,436.5 .
1,463.2
1,490.9
1,518.7
1,546.7

Quality Control Requirements

The accuracy of conductivity measurements will be assessed by measurement with a
0.01 N standard KC1 solution before sample analysis and at the end of the day.
Accuracy of measurements will be ±5 percent of the standard. Precision will be
assessed by analysis of duplicate measurements which will have a relative percent
difference of s!5 percent. Duplicates will be run at the rate of one every ten
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samples. The thermometer on the conductivity meter wfll be checked before each
sampling event for accuracy against an ASTM, NBS standard or equivalent
thermometer. Accuracy of the measurement shall be ± 1°C

Preventive Maintenance

• Field equipment is inspected in the warehouse prior to delivery to the
field.

• The only maintenance required in battery replacement (every 200 hours
or as needed).

• Recalibration (if necessary) should be done at the factory.

Field Filtering

Reference

EPA 1979, Metals 5.

Sample Handling

Filter as soon as possible after sample collection.

Reagents and Apparatus

1. 10 percent HNO, solution in a squirt bottle and in a liter plastic bottle

2. DI water

3. Plastic forceps

4. Filtration apparatus

5. 2.0 /un membrane filters (142 mm)

6. Glass fiber prefDtcrs (142 mm)

7. Peristaltic pump

Reagent Preparation

1. 10 percent HNO, solution: Add about 900 mLs of DI water to a 1 liter
Erlenmeyer flask. Using a graduated cylinder, add 100 mLs concentrated
HNO, to the DI water while stirring.

F-8



Procedure—Filter Stand

1. Using plastic forceps, place a 0.45 /nm filter on top of filter apparatus.

2. Place a prefilter on top of membrane filter.

3. Place top onto filter apparatus. Screw wing nut bolts down until even and snug.
Finish tightening with plastic wrench.

4. Attach end of PVC hosing from pump to filter apparatus.

5. Run 50 to 100 mLs of HNO3 through apparatus, rinse with 50 to 100 mLs DI
water. Do not collect this filtrate.

6. Place sample bottle under outlet.

7. Turn pump on, run sample through filter, and collect filtered sample from
bottom of apparatus.

8. Shut off pump.

9. Rinse twice with DI water, remove filter and dispose, proceed as above for next
sample.

10. Run a DI water blank every 10 to 20 samples.

Notes

Samples with high sediment can be filtered through several membranes with
increasing pore size and several prefilters. The 0.45 yxm membrane filter should
always be on the grid, and the coarsest filters on the top.

Procedure—Disposable Inline Filter

1. Attach tubing from pump outlet to filter inlet (note flow direction on the filter
housing).

2. Place sample bottle under outlet.

3. Turn pump on, run sample through filter and collect filtered sample from
outlet.

4. Shut off pump.

5. Remove filter and discard.
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6. Run 50 to 100 mL 10 percent HNO3 through pump tubing, discarding rinsate.

7. Run SO to 100 mL DI water through pump tubing, discarding rinsate. Allow
enough time to remove all water from the tubing before turning off the pump.

8. Run a DI water blank every 10 to 20 samples.

HNu Monitoring

References

HNu Model PI101 Portable Photoionizaaon Analyzer Instruction Manual,
December 1985, HNu Systems, Inc., Newton, MA.

HNu Model ISP1 101 IntrinsicaOy Soft Portable Photoionizaaon Analyzer Instruction
Manual^ January 1986, HNu Systems, Inc., Newton, MA.

Sensitivity

0 to 20 ppm at full-scale detection at span = 9.8 ppm; 10.2 ev Probe.

Range

0.1 to 1000 ppm.

Calibration Gas

Isobutylene at 100 ppm.

Calibration

By analyzing a gas of known concentration, the HNu is easily calibrated. Isobutylene
is typically used as the calibration gas with the instrument calibrated to benzene
equivalents. When calibrating the HNu, always remember to deliver the calibration
gas at ambient temperature and pressure, handle gas cylinders with care, and
calibrate every day. Also, the calibration gas must be stable during the period of use,
all gas cylinders must have proper regulators.

Calibration Procedure

1. Identify the probe by lamp label

2. Attach the probe to the readout unit Twist connector clockwise until locked.
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3. Affirm the relative photoionization sensitivity (PS) calibration gas. [The
required reading for isobutylene to read in benzene equivalents is equal to
isobutylene ppm x PS (Isob.)/PS (benzene).]

4. Turn the function switch to battery check position. The indicator should read
within the green arc. If indicator is below the green arc or if red L&D comes
on, battery must be charged.

5. Zero the instrument by turning function switch to standby and rotate
potentiometer until the meter reads zero.

6. Connect sampling hose to regulator outlet and the other end to sampling probe
of HNu.

7. Crack regulator valve.

8. Adjust span potentiometer to obtain proper reading.

9. If calibration can not be achieved, clean the UV light source window using lens
paper and HNu cleaning compound.

10. If still unable to calibrate, perform preventive maintenance. Return to factory
if those procedures do not work.

Calibration Frequency

Daily or after maintenance. Recharge battery after each use. Factory check out and
calibration shall be yearly or when malfunctioning.

Preventive Maintenance (Frequency)

The HNu is inspected and calibrated in the warehouse prior to delivery to the field to
ensure the instrument is operating property.

Battery (Daily)

Check the battery charge during each period of operation. When the meter needle
falls below the green zone or the low-battery indicator light illuminates recharge
battery. Do not use the instrument when light is on. When not operating, leave the
analyzer assembled and connected to the battery charger. In case of emergency, the
analyzer may be used with a low-battery charge.
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Gas Cylinders and Valves (After Installation)

All gas supply lines must be leak tested. Leakage can be determined by testing line
connections and valve stems with a commercially available leak test solution. Leaks
are generally stopped by tightening the fitted surfaces but may require new hardware.

Air Sampling Stream (Initially, then as Needed)

Leaks that develop in this system may result in dilution or loss of sample, causing
erroneous vapor concentrations and slow response. A tan draws gas in through the
probe and ion chamber. Small fluctuations in the flow rate will not affect the
measurement. A major obstruction to the flow rate will prevent proper operation
and lengthen response time. Refer to the manufacturer's instrument manual for
specific procedures.

Quality Control Requirements

Precision of ±30 percent Daily calibration.

OVA Monitoring

Reference

Model OVA 128 Century Organic Vapor Anafyzer, Instruction. December 1985,
Foxboro, New Haven, CT.

Sensitivity

0.1 ppm (methane).

Range

0 to 1,000 ppm.

Calibration Gas

Methane gas at 100 ppm.

Calibration

By analyzing a gas of known concentration, the OVA is easfly calibrated. Methane in
air at a concentration of 100 ppm is typically used as the calibration mixture, although
the OVA can be calibrated to many other compounds. Primary calibration of an
OVA is performed at the factory. When calibrating the OVA, always remember to
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deliver the calibration gas at ambient temperature and pressure, handle the gas
cylinders with care, and calibrate every day. Also, the calibration gas must be stable
during the period of use, and all gas cylinders must have proper regulators.

Calibration Procedure

1. Connect probe readout assembly to sidepack unit.

2. Check battery condition by moving INSTR Switch to BATT.

3. Turn INSTR to ON and allow 5 minutes to warm up.

4. Use calibration adjust knob to set needle to level desired for activating alarm.
If alarm level is not zero, the calibration switch must be set to appropriate
level.

5. Turn volume knob fully clockwise.

6. Turn the alarm level adjust knob until the audible alarm is activated.

7. Move calibration switch to IX and adjust meter reading to zero using zero
calibration adjustment.

8. Turn pump switch on.

9. Open hydrogen tank valve and hydrogen supply valve. Wait 1 minute.

10. Depress igniter button until burner lights (not more than 6 seconds).

11. Set calibration switch to 10X.

12. Connect sampling hose to regulator outlet and the other end to sampling probe
of OVA.

13. Crack the regulator valve.

14. Check to see if proper reading is achieved.

15. If reading is ± 10 percent from expected value, return to factory for
recalibration.

Calibration Frequency

Daily or after maintenance, recharge battery after each use. Factory check out and
calibration shall be yearly or when malfunctioning.
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Preventive Maintenance

The OVA is inspected and calibrated in the warehouse prior to delivery to the field
to ensure the instrument is operating property.

Battery (Daily)

Check battery condition by moving the INSTR switch to the BATT position.
Recharge the battery if a low charge is indicated. Do not use the instrument with a
low battery charge. When not operating, leave the analyzer connected to a battery
charger. Never recharge battery in a hazardous environment.

Particle Filter (As Needed)

Particle filters (primary and secondary) remove foreign matter (>10 microns) from
the sample stream. These filters must be in the sample line whenever the instrument
is operating. A decrease in flow rate may indicate a plugged filter.

Sampling Fixtures (As Needed)

Sampling fixtures should be periodically cleaned with an air hose and/or detergent
water to eliminate foreign paniculate matter.

Hydrogen Fuel, Calibration Gas, and Valves
(initially, after Changes)

Use prepurified or zero-grade hydrogen (certified total hydrocarbons as methane
<0.5 ppm recommended). All fuel and calibration gas supply lines should be leak
tested. Leakage can be determined by testing line connections and valve stems with a
commercially available leak test solution. Leaks are usually stopped by tightening the
fined surfaces but may require new washers or hardware.

Air Sampling Pump System
(Initially, As Needed)

Leaks that develop in this system may result in dilution or loss of sample, causing
erroneous vapor concentrations and slow response. The OVA is equipped with a
flow gauge that provides a method to check for air leaks. Refer to the
manufacturer's instrument manual for specific procedures.

Contaminated Control (As Needed)

Background readings may be relatively high under normal ambient conditions. The
sources of high background are normal methane background, contaminated hydrogen
supply gas, and contamination in the air sample line. Background readings less than
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1 ppm are generally accepted since sample measurement is additive to that
background. However, the low background values are more desirable. High
background is commonly corrected by running the OVA for an extended time in a
clean area. Refer to the manufacturer's instrument manual for specific analysis and
correction procedures.

Quality Control Requirements

Precision of ±30 percent. Daily calibration.

GLT338/029.51
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Appendix G
Sample Documentation and Packing

and Shipping Instructions

Sample Documentation Instructions

Sample Identification Matrix (Figure 1)

1. Enter site name.

2. Enter project number.

3. Enter the case number and/or SAS number.

4. Enter the CRL log number.

5. Specify the sample matrix using the two- or three-digit codes listed below:

SS—Surface Soil
• GW—Groundwater

6. Enter the sample number.

7. Enter the organic traffic label number or the SAS sample number.

8. Enter the inorganic traffic label number.

9. Enter the chain-of-custody number.

10. Indicate the laboratory to be doing the analysis (abbreviations may be used as
they are shown on the current laboratory list).

11. Enter the date the sample was taken: month, day, year (no hyphen or slash,
e.g., 081292).

12. Enter the shipping date.

13. Enter the airbill number of the shipment.

14. List sample tag numbers corresponding to sample containers shipped under
the traffic label number listed in either box 7 or 8.

15. List the QC lot numbers of the containers matching the tag numbers listed in
Item 14.
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Note: The date recorded on this form must be suitable for computer entry.
Each entry must be flush left and must not exceed the number of digits
allowed in each section. If portions of samples are to be sent to more than
one laboratory for analysis, allow an entire line,|or each laboratory to
accommodate for the additional traffic report, chain-of-custody, and airbill
numbers.

Sample Tag (Figure 2)

1. Enter date of sampling.

2. Enter time of sampling (military time only).

3. Specify "grab" or "composite" sample with an "X."

4. Enter CH2M HILL sample identification code.

5. Obtain signature of sample team leader.

6. Indicate preservative used (if any) with an "X."

7. Specify all parameters for analysis by placing an "X" to the right of each one.

8. Indicate the sample number (for CLP Lab) or CRL log number (for CRL).

9. Indicate case number and/or SAS number (e.g., Case No. 1234 and/or SAS
No. 5678E).

10. Leave BLANK (for laboratory use only).

11. Enter any desired analyses not listed on menu (e.g., PCBs, ammonia, sulfide,
etc.) and mark box with an "X."

Inorganic Traffic Report (Figure 3)

1. Enter assigned laboratory case number.

2. Enter assigned laboratory SAS number, if applicable.

3. Check the code that describes the activity being performed.

4a. Enter site name.

4b. Enter city and state of site.

4c. Enter spill ID No. (obtained from the PM or Data Coordinator).

G-2



HO.Q HMDiO ItaOHO OtfwrC

NOTE:

FIGURE 2



United SWei Environment*! Protection Agency
___ Conned Uboralory Progrtm Sentpl* Menegemenl Office

JGL CDA POBmBW Alexendri*. VA 22313
\y Cl M 703-55M490 FT8 SST2490
1. Type ol ActMly (Check one) /*^k

gENF r>pu>r~jBA risi (Zl5151 vi/
EH rjOtMrjHO rjST | |Olher(Sp»cl»j
ESI 1 (PA 1 IRIFSI ISTPA

Non-Superlund Piogiim

S"N— (ja)

(4b)

CLP
StmpM
Number

U2)

Von

Concen-

L-kw
M.nwd
rf'lvQn

m)

SH.SOIIIO.

FIASAra^

•RMI

a.R^ton^rlS.rnpmgCo^g-

ŝ »,,Nim,) £^

1 Ship 16:

^n ®-Oc)

&

uywwM

m

^^^

(20)

Inorganic TVaftlc Report
(For CLP Us» Only)

4. Dtle^hihwd 1 AlrbN Numbe/.'̂ 'i

c Ol)
Double volume raquked tor mMrix

Ship medium end high concenbulon
Mmplef In pelnt c«n»

See tevene tot MidHloral mmucUoni.

(O

Suiton

vV̂̂

'

OMe/Tlme al
Smiple

MS)
•̂̂

:•*« Number SAS No. (H eppliceble)

(1) G)
1 Semple Dtecrlptlon (Enter In Column A)

3. Laachata
4. Rlnsata
6. SoH/Sedlmenl
6. ON (SAS)
7. Waste (SAS)

(0)
CouMpondtng

Orgenle
Sample
Number

.

EPA Form HUM (116) Rtplutt EPA Fwm Z07M, which m»y b* UMd. Qrawi-tMOCopy Pink • (Uglon Copy WWU • Ub Copy tor R.lum to SMO \fcllow-U6Copy

For purposes of Illustration this form Is
reproduced at 80% of original size FIGURE 3



5. Enter EPA region number (e.g., V).

6. Enter sample team leader's company/office.

7. Enter sample team leader's name.

8. Enter laboratory name and address, and laboratory contact.

9. Indicate date of shipment.

10. Indicate airbill number corresponding to sample shipment.

11. Indicate the shipment carrier (i.e., Federal Express).

12. Enter the ITR Label Number.

13. Indicate sample description with a number (e.g^ 1, 2, 3, 4, 5, 6, 7, 8) from
box 5 on ITR.

14. Specify sample concentration with an L, M, or H indicating contamination
level

15. Check required analyses.

16. Specify special handling to notify laboratory if sample is a blank, MS/MSD or
field duplicate.

17. Enter CH2M HILL sample number.

18. Enter the date/time of sample collection.

19. Leave BLANK (for laboratory use only).

20. Write at bottom of form if shipment is complete or is not complete.

Organk Traffic Report (Figure 4)

1. Enter assigned laboratory case number.

2. Enter assigned laboratory SAS number, if applicable.

3. Check the code that describes the activity being performed.

4a. Enter site name.

4b. Enter site city and state.
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4c. Enter spill ID No. (obtained from the PM or Data Coordinator).

5. Enter EPA region number (e.g., V).

6. Enter sample team leader's company/office.

7. Enter sample team leader's name.

8. Enter laboratory name and address and laboratory contact

9. Indicate date of shipment

10. Indicate airbill number corresponding to sample shipment.

11. Indicate the shipment carrier (i.e., Federal Express).

12. Enter the OTR Label Number.

13. Specify sample description with a number (e.g^ 1, 2, 3, 4, 5, 6, 7, 8) from box 5
on OTR.

14. Specify the sample concentration with an L, M, or H, indicating contamination
level.

15. Check required analyses.

16. Specify special handling to notify laboratory if sample is a blank, MS/MSD or
field duplicate (replicate).

17. Enter CH2M HILL sample number.

18. Enter the date/time of sample collection.

19. Leave BLANK (for laboratory use only).

20. Write at bottom of form if shipment is complete or is M* complete.

SAS Packing List (Figure 5)

1. Enter assigned SAS case number.

2. Enter EPA region number (e.g^ V).

3. Enter sample team leader's name.

4. Enter sample team leader's company/office and phone number.
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5. Enter date sample was taken.

6. Enter date of shipment.

7. Enter site name.

8. Enter laboratory name and address.

9. Enter name of laboratory contact.

10. List SAS sample numbers, which should include the SAS number.

11. Specify sample matrix, concentration, tag number, and analysis to be
performed (e.g., low concentration soil sample for PCB analysis, tag
No. 5-48246).

12. Leave BLANK (for laboratory use only).

Chain-of-Custody Record (Figure 6)

1. Enter first six digits of the CRL sample identification code.

2. Leave blank

3. Obtain full signature of sample team leader and signed initials of active team
members (including paperwork person).

4. Enter last three digits of the CRL sample identification code.

5. List sampling dates for all samples.

6. List sampling times for all samples (military time only).

7. Indicate "grab" or "composite" sample with an "X."

8. List CH2M HILL sample numbers.

9. Enter number of containers per sample.

10. List analyses individually.

11. Enter column heading for traffic label number and list serial numbers for
corresponding sample identification codes.

12. Write in the words "CASE No. :" or "SAS No. :" and enter the correct
number.
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13. Enter column heading for "tag number" and list tag numbers for each sample
container.

14. Obtain signature of sample team leader and cany out chain-of-custody
procedures.

15. State carrier service and airbill number, lab service, and custody seal numbers.

Combined Chain of Custody and Traffic Report Forms (Figure 7)

A. Project Code: Leave blank.

B. Account Code: Leave blank.

C Regional Information: If sampling is in support of oversight activities, indicate
here. If not—leave blank.

D. Non-Superfund Program: If sampling is not done under the Superfund
program, enter the name of the program (e.g^ RCRA).

E. Site Name, City, State: Complete as instructed.

F. Site Spill ID: Enter ID code provided by the office.

G. Region No.: Enter "Region 5."

H. Sampling Company. Enter "CH2M HILL."

I. Sampler Information: Complete as instructed,

J. Type of Activity:

SF—Superfund lead
PRP—PRP lead
ST—State lead
FED—Federal lead
PA—Preliminary assessment
SSI—Screening site investigation
LSI—Listing site investigation
RIFS—Remedial Investigation/Feasibility Study
RD—Remedial design
O&M—Operation & Maintenance
NPLD—National Priorities List delete
CLEM—Classic emergency
REMA—Removal assessment
REM—Removal
OIL—Oil response
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UST—Underground storage tank response

K. Shipping Information: Complete as instructed.

L. Ship To: Enter lab name, address and sample recipient/custodian.

M. SAS/Case No.: Complete as instructed.

N. Sample Numbers: For routine organic/inorganic samples, enter the CLP
numbers from the "stick-on" labels. For SAS samples, enter the SAS sample
numbers (SAS number plus a unique sequential numeric suffix).

O. Sample Information: Complete as instructed.

P. Regional Specific Tracking Number or Tag Number Enter sample tag
numbers).

Q. Station Location Number Enter sample identifier (as defined in the QAPP).

R. Time/Date: Complete as instructed. Use military time.

S. Sampler Initials: OPTIONAL.

T. Corresponding CLP Organic/Inorganic Sample Number. Enter CLP sample
number (from "stick-on" labels) of corresponding sample from same location.
Not applicable to SAS forms.

U. Designated Field QC: Indicate QC status when applicable (field blanks, trip
blanks, duplicates, MS/MDS, etc.).

V. Sampling Status: Is the sampling for this Case/SAS complete? Circle one.

W. Page 1 of : Record number of documents enclosed in cooler.

X. MS/MSD and/or Duplicate: List samples.

Y. Additional Samplers Signatures: OPTIONAL.

Z. Chain of Custody Seal No.: Enter the numbers that appear on the custody
seals to be used to seal the cooler (there should be two).

AA. "Relinquished by" and "Time/Date:" Complete as instructed. Use military
time.

BB. Split Samples: PRP representative (PRP contractor) shall sign off here if work
is oversight
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Distribution: The Lab Copy and Lab Copy for Return to SMO are included with the
shipment. The Region Copy and SMO Copy are returned to the office.

Notice of Transmittal (Figure 8)

1. Enter name of team leader.

2. Enter team leader's firm name.

3. Enter CH2M HILL project number.

4. Enter case number.

5. Enter date.

6. Enter number of samples shipped.

7. Enter matrix of samples.

8. Enter the site name in words.

9. Enter the location of the site (city, state).

Central Regional Laboratory Sample Data Report (Figure 9)

The Central Regional Laboratory Sample Data Report is filled out by the
CH2M HILL Sample Documentation Coordinator. A separate report is filled out for
each laboratory that receives samples.

1. Enter the case number or SAS number.

2. Enter the site name.

3. - Enter the laboratory name.

4. Enter the date shipped.

5. Enter the Superfund D.U. number.

6. Enter the EPA RPM.

7. Enter the CERCLIS number.

8. Enter the page numbers.

9. Enter the CRL numbers.
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HOTICE OF TRANSMITTAL

DATS:

TO: CH2H TTTTJ. - REM/FXT Office, Reg. V-X (WI)
310 West Wisconsin Avenue, Suite 700
P.O. Box 2090
Milwaukee, Wisconsin 53201

Attn.: Shirley Stringer

FBOM:
(naae) (firm)

CE2M HILL PROJECT t:

Enclosed are appropriate copies of the sample documentation

forms completed under Case I \i/ for the

® , 13® shipment of ® CD
(qty) (matrix)_____________________ site located in

-̂>

GLT8S/15
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CENTRAL REGIONAL LABORATORY SAMPLE DATA REPORT
ORGANICS/INORGANICS

THIS FORM IS TO BEUSEO FOH SAMPLES SENT TO CONTRACT ONLY

NOTE: For purpoitl ol Illuilrdlon lormi
•ri tepcoductd tl 70% ol original
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10. Enter the organic or inorganic traffic report number or the SAS packing list
number.

11. Check the appropriate boxes for the analyses to be perfonned.

Packaging and Shipping Procedures

Low-Concentration Samples

1. Prepare coolers for shipment.

• Tape drains shut

• Affix "This Side Up" labels on all four sides and "Fragile" labels on at
least two sides of each cooler.

• Place mailing label with laboratory address on top of coolers.

• Ffll bottom of coolers with about 3 inches of venniculite or use
performed poly-foam liner.

• Place appropriate traffic reports, SAS packing lists, or regional field
sheets and chain-of-custody records with corresponding custody seals on
top of each cooler.

2. Arrange decontaminated sample containers in groups by sample number.

3. Mark volume levels on bottles with a grease pencil.

4. Secure appropriate sample tags around lids of containers with string or wire.

5. Secure container lids with strapping tape.

6. Arrange containers in front of assigned coolers.

7. Affix appropriate adhesive labels from assigned traffic report to each
container. Protect with clear label protection tape.

& Seal each container within a separate plastic bag.

9. Arrange containers in coolers so that they do not touch.

10. If ice is required to preserve the samples, cubes should be repackaged in
double zip-lock bags and placed on and around the containers (especially on
VGA vials).
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11. Fill remaining spaces with vermiculite (or place poly-foam liner cover on top of
samples).

12. Sign chain-of-custody form (or obtain signature) and indicate the time and date
it was relinquished to Federal Express.

13. Separate copies of forms. Seal proper copies within a large zip-lock bag and
tape to inside lid of cooler. Distribute remaining copies as indicated in the
following sections.

14. Close lid and latch.

15. Carefully peel custody seals from backings and place intact over lid openings
(right front and left back). Cover seals with clear protection tape (Figure 10).

16. Tape cooler shut on both ends, making several complete revolutions with
strapping tape. Do not cover custody seals (see Figure 10).

17. Relinquish to Federal Express. Place airbill receipt inside the mailing
envelope and send to the sample documentation coordinator along with the
other documentation.

18. Telephone the SMO in Alexandria, Virginia.

(Note: This step should be omitted for samples sent to the CRL).

Ms. Leslie Braun (subject to change)
703/557-2490

Provide the following information:

• Your name
• Project name
• Case number
• Number of samples sent to each laboratory for analysis
• Airbill numbers

This must be done IMMEDIATELY following sample shipment. If the SMO
is closed at that time, call in the information first thing the next day.

Medium- and High-Concentration Samples

Medium- and high-concentration samples are packaged using the same techniques
used to package low-concentration samples, with several additional restrictions. First,
a special airbill including a Shipper's Certification for Restricted Articles is required
(Figures 10 and 11). Second, "Flammable Liquid N.O.S." or "Flammable Solid
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N.O.S." labels must be placed on at least two sides of the cooler. Third, sample
containers are packaged in metal cans with lids before being placed in the cooler, as
indicated below.

1. Place approximately V* inch of venniculite in the bottom of the can.

2. Position the sample jar in the zip-lock bag so that the sample tags can be read
through the plastic bag.

3. Place the jar in the can and fill the remaining volume with venniculite.

4. Close the can and secure the lid with metal clips.

5. Write the traffic report number on the lid.

6. Place "This Side Up" and "Flammable Liquid N.O-S." (or "Flammable Solid
N.O.S.") labels on the can.

7. Place the cans in the cooler.

Special Instructions for Shipping Samples by Federal Express
(Figures 11 and 12)

1. Label cooler as hazardous shipment.

• Write shipper's address on outside of cooler. If address is stenciled on,
just write "shipper" above it.

• Write or affix sticker saying "This Side Up" on two adjacent sides.

• Write or affix sticker saying "ORM-E" with box around it on two
adjacent sides. Below ORM-E, write NANo. 9188.

Label cooler with "Hazardous Substance, N.O.S." and "liquid" or
"solid," as applicable.

2. Complete the special shipping bill for restricted articles (Figures 10 and 11).

• Under Proper Shipping Name, write "Hazardous Substance, N.O.S."
and "liquid" or "solid," as applicable.

Under Class, write "ORM-E."

• Under Identification No., write NA No. 9188.

GLT338A330.51
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