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SECTION 1

QUALITY ASSURANCE/QUALITY CONTROL

1.1 INTRODUCTION

This Quality Assurance Project Plan (QAPP) is one of three
planning documents describing activities to be undertaken as
part of the Installation Restoration Program (IRP) Phase III
investigation at Naval Weapons Station Earle (NWS Earle). The
other documents are:

• Work Plan for the Installation Restoration Program -­
Phase III -- presents the available information con­
cerning the site's history and potential hazards,
candidate site remediation technologies, and activi­
ties proposed to evaluate the site and select remedial
action alternatives.

• Health and Safety Plan (HSP) -- contains site-specific
information concerning. types of facilities, waste
types and characteristics, types of hazards, levels of
protection, surveillance equipment to be used, and
emergency precautions. A Site security Plan will be
incorporated with a Site Safety Plan to delineate
efforts required to secure operations at the site.

The purpose of the QAPP is to describe the following items:

• Quality assurance (QA) objectives.
• Sampling and laboratory procedures.
• Sample custody procedures.
• Calibration procedures, references, and frequencies.
• Protocols for field activities.
• Internal quality control (QC) checks.
• QA performance and system aUdits .
• Preventive maintenance procedures and schedules.
• Data assessment procedures.
• Corrective actions.
• QA reports to management.

1.2 PROJECT DESCRIPTION

1.2.1 List of Sites

The sites included in this study are listed in Table 1-1 and
their locations are shown in Figure 1-1.

1.2.2 Project Scope

The Phase III Scope of Work for NWS Earle is summarized in Fig­
ure 1-2. Specific protocols for each activity are addressed in'
Section 2 of this QAPP.

1-1
6572B8



Scrap Metal Landfill near Building
589

Paint Chip Disposal Area adj acent
to Building D-2

Paint Chip and Sludge Disposal
Area adjacent to Building S-34
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Area

Area,Disposal

1-2

Site Designation

Explosive "D" Washout
adjacent to "Building GB-l

Grit Blasting
Building 544

Contract Ordnance Disposal Area

Ordnance Demilitarization Site

Landfill southwest of "F II Group

Landfill west of I'D I
' Group

Landfill west of Army Barricades

Landfill south of lip" Barricades

Tabl 1-1

study Site Names and Designations,
IRP Phase III, NWS Earle, New Jersey

7

5

2

4

3

22

26

19

20

11

10

Site
No.
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• Provide cost-effective remedies.

permanent solutions and
to the maximum extent

Select remedies that use
alternative technologies
practicable.

•

The Project Director, Katherine A. Sheedy, P.G., is responsible
for overall management and quality assurance for the U.S. Navy
projects, and her responsibility also includes ensuring that
all necessary corporate resources for the successful completion
of the projects are provided. The Project Director also is the
primary point of contact between the Navy and WESTON.

The Project Manager, Alan H. Tamm, along with the Project Di­
rector, is responsible for technical and financial management
of this project and is the direct contact individual between
the Navy and, WESTON.

The organization for this project is illustrated in Figure 1-3.
The following is a brief description of project responsibili-
ties. '

1.3 PROJECT ORGANIZATION AND RESPONSIBILITY

• Consider the use of interim responses.

• Use on-site mitigation to the maximum extent possible.

• Select remedies that, based on risk analysis findings,
will protect human health and the environment.

• Attain New Jersey and Federal potentially applicable
or relevant and appropriate requirements (ARARs) as a
result of remediation.

The Project Manager is responsible for technical management of
this assignment including scheduling, subcontracting, communi­
cations, technical supervision, and execution of the field

The intended use of the data collected during this phase III
remedial investigation/feasibility study (RI/FS) is to meet the
long-range objectives of they Navy's IRP.

The long-range objectives of the IRP at NWS Earl are to assess
the extent and magnitude of contamination at past hazardous
waste disposal and spill sites and to develop remedies
consistent with the National Contingency Plan (NCP) for those
sites that pose a threat to human health or the environment.
The goals for the process of selecting the remedial
alternatives are to:

A Rough Draft, a Draft, and a Final Report will document the
,results of field work.

I
I
I
I
I
I
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WESTON Organization Chart

RifFS NWS Earle, Colts Neck NJ

K. Sheedy
Project Director

E. Gilardi
Quality Assurance
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Alan Tamm
Project Manager

Site Manager Laboratory

Data I'
Administrator

Field geologist Technician Chemists Technicians
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effort. Assisting the Project Manager are the Technical Leads
for the project, the Site Manager, and the Data Administrator.

The Technical Leads are responsible for tracking technical
progress wi thin the proj ect scope relating to each of their
disciplines (engineering; geosciences including geology, hy­
drology, 'and soil science; and environmental, sciences including
biology, toxicology, and public health) and ensuring that the
technical objectives of the scope of work are met. The Techni­
cal Leads work with: the Site Manager to plan data collection
efforts. In addition, Technical Leads track and constantly
evaluate new technical data as they are generated and notify
the Project Manager of any anomalies, data gaps, and/or adjust­
ments to the planned data collection effort that might be re­
quired to meet the technical objectives of the project.

The Site Manager is responsible for coordinating the activ­
ities of the field teams and directing the work of subcon­
tractors in the field. The Site Manager is directly respon­
sible,for implementation of the Work Plan and ,the QAPP as they
apply to the field effort, for keeping the field -teams sup­
plied, and for coordination of logistical issues. The Site
Manager prepares daily field reports during all field ac­
tivities and communicates progress and problem areas to the
Project Manager on a daily basis. The Site Manager also is
responsible for coordination and day-to-day contact with the
Station Point Of Contact (POC).

The Data Administrator is responsible for ensuring data valida­
tion and entering all data collected in the field into the data­
base for the project. The intent is to check and enter into the
database all data generated. To ensure this, the Data Admini­
strator will be present on station during all major 'data col­
lection activities. The data to be entered will include boring
and well logs, geophysical data, water level measurements,
field water quality data, and ~ampling point coordinate loca­
tions. In addition, the Data Administrator will assist the Site
Manager in keeping the field teams supplied and in maintaining
daily progress reports. The job functions of the Data Admini­
strator may be undertaken by the Lead Geoscientist.

The project Quality Assurance Officers (one for each major
discipline) report directly to the Project Manager and Project
Director. The QA Officer is responsible for conducting unan­
nounced field visits to observe data collection procedures and
for periodic review of data generated. The Data Administrator
or Technical Lead may request assistance from the project QA
Officer in validating a data set or data analysis technique.
The QA Officer is also responsible for review of project' de-:­
liverables. Resumes of all management personnel responsible
for these tasks and for performing analytical work are included
in Appendix D.

1-7
6572B14
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1.4 QUALITY ASSURANCE OBJECTIVES
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x 100 percentAccuracy = percent recovery =

where:

AT = Total amount found in fortified sample.
Ao = Amount found in unfortified sample.
AF = Amount added to sample.

Analytical accuracy is expressed as the percentage recovery of
an analyte (or a surrogate in the case of organic analytes)
that has been added to the sample or standard matrix (e. g., a
blank) at a known concentration before analysis and is
expressed by the following formula:

Accuracy is the degree of agreement of a measurement, X, with
an accepted reference or true value, T, usually expressed as
the difference between the two values, X-T, or the difference
as a percentage of the reference or true value, 100(X-T)/T, and
sometimes expressed as a ratio X/T. Accuracy is a measure of
the bias in a system.

The accuracy of data collected using field instruments is dif~
ficult to quantify. It can be qualitatively maximized, however,
by strict adherence to standard protocols and, where applica­
ble, manufacturers' operating and calibration procedures. This
will ensure that the data are accurate and within the manufac­
turers' reported accuracy limits. Specific procedures for in­
strument calibrations and field protocols are presented in Sub­
section 1.7 and Section 2, respectively.

1 .4.1 Accuracy

The level of QC for this project is level D as defined in NEESA
20.2-047B, Section 7.1.

The overall· QA objective for field activit·ies, data analyses,
and laboratory analyses is to produce data of sufficient and
known quality to support evaluation of environmental effects
and selection of remedial alternatives. Specifically, all data
will be gathered or· developed using proced\;lres appropriate for
the intended use. Standard procedures are used so that known
and acceptable levels of accuracy, precision, representa­
tivene~s, completeness, and comparability are maintained for
each data set. Descriptions of these criteria are presented in
the following subsections.
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x 100 percent

= Relative percentage difference.
= Concentration of analyte in sample.
= Concentration of analyte in replicate.

Completeness

RPD =

1.4.3

where:

6572B16

Completeness is a measure of the relative number of data points
that meet all the acceptance criteria including accuracy, pre­
cision, and any other required by the specific analytical meth­
od used. It is usually a comparison of actual numbers of valid
data points and expected numbers of valid data points expressed
as a percentage.

Access to various areas' and/or media along with unanticipated
difficulties with sample collection affect field data complete­
ness. For example, poor sample recovery in a split-spoon sample
reduces the number of soil samples that can be collected and,
therefore, affects the completeness.

Difficulties encountered.while handling samples in the labora­
tory, as well as unforeseen complications regarding analytical
methods, may affect completeness during sample analysis. For
example, the proposed analytical methods (particularly for the
organics analyses) are intended to analyze "environmental sam­
ples" (low- and medium-level concentrations). The applicability

Analytical preclslon is calculated by expressing, as a per­
centage, the difference between results of analyses of
duplicate samples for a given analyte. Precision can be
expressed by the formula:

1.4.2 Pr cisi n

Precision is a measure of mutual agreement among individual
measurements of the same property, usually under prescribed
similar conditions. Precision is best expressed in terms of the
standard deviation. Various measures of precision exist depend­
ing upon the. "prescribed similar conditions."

During collection of data using field methods and/or instru-.
ments, precision is 'checked by reporting measurements at one
location and comparing results. For example, water level meas­
urements would be taken three times at a well and the values
compared. Only if the values are within a specified percentage
of each other are the measurements sufficiently precise.
Specific precision goals are preseritedin Subsection 1.13 and
Section 2.

I
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of these methods to unknown or hazardous-level samples may
result in poor performance and, therefore, have an adverse ef­
fect on achieving the data completeness goal. The overall
completeness goal for Phase III investigations at NWS Earle is
85 percent.

Also, there are certain data points that are considered criti­
cal to the investigation. Critical data points are sampling
locations for which valid data must be obtained for the sam­
pling event to be considered complete and/or that can be ex­
pressed by a percentage of samples taken in a medium. An ex­
ample of a critical data point may be an upgradient well or any
other data point considered vi tal to the decision-making pro­
cess. Critical data points for the NWS Earle Phase III investi­
gationwill be determined by the Project Manager, the Technical
Lead, and the Site Manager prior to the initiation of each ap­
plicable field activity. Because of the importance of these
critical data points, the completeness goal for these points is
100 p~rcent.

1.4.4 Representativeness

Representativeness expresses the degree to which data accu­
rately and precisely represent a characteristic of a popula­
tion, a parameter, a variation at a sampling point, a process
condit ion, or an envi ronmental condition. The methods used to
select samples that are representative of a site or source are
described in the sampling protocols in Section 2.

1.4.5 Comparabi lity

Comparability expresses the confidence with which one data set
can be compared with another. The comparability of the data, a
relative measure, is influenced by sampling and analytical
procedures. By providing specific protocols to be used for
obtaining and analyzing samples, data sets should be comparable
regardless of who obtains the sample or performs the analysis.

1.4.6 Regulatory Requirements

Wherever possible, given the analytical method specified, the
limit of detection (LOD) of any chemical analysis should be
less than the established Federal or state standard for the
compound in the matrix analyzed· to allow comparison of the
result with that standard. Applicable Federal and State cri­
teria for the compounds of concern at NWS Earle are listed in
Tables 1-2 and 1-3. .

1.5 SAMPLING PROCEDURES

The master list of the numbers of samples, their types, and the
matrix of field and laboratory QC samples by site are found in
Appendix E.
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- Table 1-2

Primary Statewide Toxic Pollutants

Appl icable Federal and state Regulatory Requirements
for LOD of Chemical Analysis,

IRP Phase III, NWS Earle, New Jersey

0.003 ug/L

0.05 mg/L

1. a mg/L

0.0001 mg/L

0.01 mg/L

0.05 mg/L

0.2 mg/L

0.001 ug/L

0.004 ug/L

0.05 mg/L

0.002 mg/L

10 mg/L

3.5 mg/L

0.001 ug/L

Groundwater
Quality Criterion

Groundwater Quality Criteria Statewide Where the Total
Dissolved Solids (TDS, Natural Background) Concentration

is less than or equal to 500 mg/L: Class GW2

1-11

Pollutant, Substance,
Or Chemical

Mercury and compounds­

Nitrate-nitrogen

6572B18

Polychlorinated biphenyls (PCBs)

Lead and compounds

Endrin

Phenol

Aldrin/dieldrin

Arsenic and compounds

Barium

Cyanide

DDT and metabolites

Benzidine

Cadmium and compounds

Chromium (hexavalent)
and compounds

I
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Pollutant, Substance, Groundwater
Or Chemical Quality Criterion

Primary Statewide Toxic Pollutants

Radionuclides

Selenium and compounds

Silver and compounds

Toxaphene

Ammonia

Chloride

Coliform bacteria

6572B19

Table 1-2
(continued)

Prevailing regulations adopted by
the U.S. EPA pursuant to sections
1412, 1415, and 1450 of the Pub­
lic Health Services Act as amend­
ed by the Safe Drinking Water Act
(PL 93-523)

0.01 mg/L

0.05 mg/L

0.005 ug/L

Secondary Standards

0.5 mg/L

250 mg/L

a) by membrane filtration, not to
exceed 4 per 100 mL in more than
one sample when less than 20 are
examined per month, or b) by fer­
mentation tube, with a standard
10-mL portion, not to be present
in three or more portions in more
than one sample when less than 20
are examined per month, or c) pre­
vailing criteria adopted pursuant
to the Federal Safe Drinking Water
Act (PL 93-523)

1-12
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Primary Statewide Toxic Pollutants

Table 1-2
(continued)

Pollutant, Substance, Groundwater
Or Chemical Quality Criterion

1.0 mg/L

2.0 mg/L

0.5 mg/L

0.3 mg/L

0.05 mg/L

None noticeable

None noticeable

5-9

0.3 mg/L

50 mg/L

250 mg/L

500 mg/L

5 mg/L

None noticeable

Secondary Standards (continued)

1-13
6572B20

Zinc and compounds

Total dissolved solids

pH (standard units)

Sulfate

Manganese

Odor and taste

Oil and grease and
petroleum hydrocarbons

Phenol

Sodium

Iron

Color

Copper

Foaming agents

Fluoride

I
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EPA Maximum
Hazardous Concentration

Waste Number Contaminant (mg/L)

D004 Arsenic 5.0

D005 Barium 100.0

D006 Cadmium 1.0

D007 Chromium 5.0

D008 Lead 5.0

D009 Mercury 0.2

DOlO Selenium 1.0

DOll Silver 5.0

D012 Endrin 0.02

D013 Lindane 0.4

D014 Methoxychlor 10.0

D015 Toxaphene 0.5

D016 2,4-D 10.0

D017 2,4,5-TP 1.0

6572B21

Tabl 1-3

Maximum Concentration of Contaminants for
Characteristics of EP Toxicity

IRP Phase III, NWS Earle, New Jersey
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Table 1-3
(continued)

50

2

10

50

SOb

SOb

50

10

50

200

1,000b

I b

5,000

lOb

1,000

1,000

Groundwater
(ug/L-ppb)

NJDEP Guidelinesa For Evaluating
Possible ECRA Cleanup Requirements

aNew Jersey Groundwater Standards (NAJC 7:9-6)
bUsed informally in evaluating possible cleanup requirements

Soil
Contaminant (mg/kg-ppm)

Metals Arsenic 20

Barium 400

Cadmium 3

Chromium 100

Copper 170

Lead 100

Mercury 1

Nickel 100

Selenium 4

Silver 5

Zinc 350

Organics Total volatiles 1

Total base-
neutrals 10

Total acid-
extractables 10

Total petroleum
hydrocarbons 100

Total PCBs 1 to 5

Other Cyanide 12

I
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ENVIRONMENTAL PROTECTION AGENCY

CODE OF FEDERAL REGULATIONS

40 CFR 136.3e, Required Containers, Preservation Techniques,
Table II and Holding Times

I
I
I
I
I
I
I
I
I
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Assessment Manual

1-16

Test Methods for Evaluating Solid Waste,
Third Edition (1986)

Methods for Chemical Analysis of Water
and Wastes (1983)

Superfund Public Health Evaluation Manu­
al (October 1986)

NEIC Manual for Groundwater/Subsurface
Investigations at Hazardous Wastes Sites

Toxicity Characteristic Leaching Proce­
dure (TCLP)

Superfund Exposure
(January 1986)

National Contingency Plan

Inductively Coupled Plasma - Atomic Emission
Spectrometric Method for Trace Element Analy­
sis of Water and Wastes Method 200.7

Methods for Organic Chemical Analysis of Mu­
nicipal and Industrial Wastewater

Definition and Procedure for the Determina­
tion of the Method Detection Limit

SW-846

EPA-600/4-79-020

EPA-540/1-86-060

EPA-330/9-S1-002

VOL 51, NO 114,
13 June 1986

40 CFR 300.61
300.71(Sub­
part F)

FEDERAL REGISTER

40 CFR 136,
Appendix C

40 CFR 136,
Appendix B

40 CFR 136,
Appendix A

6572B23

Manuals

In general, sampl ing and analysis procedures, including sample
preservation and holding times for the relevant chemical
analyses and matrices, will strictly comply with applicable
techniques contained in the following documents:

Regulations
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ENVIRONMENTAL PROTECTION AGENCY

Environmental

Guidance on Feasibility Studies Under
CERCLA

Guidance on Remedial Investigations Un­
der CERCLA

Handbook for Sampling and Sample Pres­
ervation of Water and Wastewater (1982)

Section 11, Water and
Technology

Recommended Practices for Visual-Manual
Desciiption of Soils

Unified Soil Classification System

Soil Investigation and Sampling by Auger
Boring

Penetration Test and Split-Barrel Sam­
pling of Soils

Standard Methods for the Examination of
Water and Wastes

EPA-540/G-85-003

EPA-540jG-85-002

Annual Book of
ASTM Standards

EPA-600/4-82-029

D-2488

D-2487

D-1586

16th Edition

D-1452

AMERICAN SOCIETY FOR TESTING AND MATERIALS

\

AMERICAN PUBLIC HEALTH ASSOCIATION (APHA, AWWA, & WPCF)

ENVIRONMENTAL PROTECTION AGENCy

The purpose of sample custody procedures is to document the
history of sample containers and samples (and sample extracts
or digestates) from the time of preparation of sample contain­
ers through sample collection, shipment, and analysis. An item
is considered to be in one's custody if one or more of ~he fol­
lowing conditions apply:

1.6 SAMPLE CUSTODY

Specific methodologies to be followed, including any revisions
to techniques in the above-listed documents required by the
Navy or necessary to meet the objectives of the Scope of Work,
are detailed in Section 2 of this QAPP.

Guidance Documents

Handbooks

I
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• It is in the physical possession of the responsible
party.

• It is in the view of the responsible party.

• It is secured by the responsible party to prevent tam­
pering.

• It is secured by the responsible party in a restricted
area.

1.6.1 Chain-of-Custody

1.6.1.1 Sample Labels

All samples will be identified with a label that will be at­
tached directly to the container. Sample labels will be com­
pleted using waterproof ink. The labels will contain the fol­
lowing information:

• Sample number.
• Time and date of collection.
• Project (station) name.
• Parameters to be analyzed.
• Preservative (if any).
• Sample source/location.
• Sampler's initials.

As each sample is collected it will be placed in a labeled con­
tainer. Sample numbers will be determined before the field in­
vestigation begins. See Subsection 1.6.2.1 for a description of
the sample numbering system.

1.6.1.2 Chain-of-Custody Records.

A chain-of-custody record will be filled out for each sample at
each sampling location to maintain a record of sample collec­
tion, transfer between personnel, shipment, and receipt by the
laboratory. Each time the samples are transferred, the signa­
tures of the persons relinquishing and receiving the samples as
well as the ·date and time will be documented. A sample chain­
of-custody record is included as Figure 1-4.

1.6.1.3 Transfer of Custody and Shipment

Prior to shipment of samples, the chain-of-custody record will
be signed and dated by a member of the WESTON field' team who
has verified that those samples indicated on the record are
indeed being shipped. After packaging has been completed,
custody seals, signed and dated by a member of the WESTON field
team, will be placed on the cooler.

1-18
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• ••
~

• ~ FI.E1.U.V.SF.C./LAM>R.U••• •
Custody Transfer Record/Lab Work Request

Received By Client RFW ContactL _

Date Client Contact Date Due --,--_

Assigned to Phone Project Number -----
SAMPLE IDENTIFICATION ANALYSES REQUESTED

• •

Special Instructions:
OS- Drum Solids
Dl- Drum Liquids
X- Other

Matrix.
S- Soil
W- Water
0- Oil

Sample No. Client ID No. Description Matrix Date Collected Container / Preservative .

-- - .

I-'
I

I-'
\0

Items/Reason Relinquished By Received By Date Time Items/Reason Relinquished By Received By Date Time

RFW 21-21-001/ A-3/86



All samples will be shipped via courier such as Federal Ex­
press, Emery, or other overnight delivery service to the appro­
priate laboratory. Hazardous- or environmental-level samples
may be transported by WESTON personnel in private vehicles if
the samples are properly packaged and labeled. Upon receipt of
the samples at the laboratory, the receiver will complete the
transfer by dating and signing the chain-of-custody record.

1.6.1.4 Laboratory Custody Procedures

Sample containers are to be provided by WESTON; chain-of­
custody documentation (see Figure 1-4) will be shipped with the
sample containers. These forms should be completed by field
personnel with acknowledgment of time and date of transfer and
placed in the shipping container in the plastic cover provided.

The following describes laboratory custody procedures associated
with sample receipt, storage, preparation, analysis, and gener­
al security procedures.

Sample Receipt

• Upon receipt, the sample custodian will inspect sample
containers for integrity. The presence of leaking or
broken containers will be noted on the chain-of­
custody record (see Figure 1-4). The sample custodian
will sign (with date and time of receipt) the chain­
of-custody record, thus assuming custody of the sam­
ples.

• The information on the chain-of-custody record will be
compared with that on sample tags and labels to verify
sample identity. Any inconsistencies will be resolved
with the field sampling representative before sample
analysis proceeds.

• Samples will be moved to one of the locked sample
storage refrigerators for storage prior to analysis.
The storage location will be recorded on the chain­
of-custody record.

• The sample custodian will return the original chain­
of-custody record to the laboratory Data Manager and
provide carbon copies to each laboratory Section Man­
ager and one to the main sample log kept in the lab­
oratory.

• The sample custodian wi 11 alert the appropr iate Sec­
tion Managers and analysts of any analyses requiring
immediate attention because of short holding times.

1-20
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Sampl Storage

Samples will be maintained in storage in one of the locked
.storage refrigerators prior to sample preparation and analysis.

The storage refrigerators are maintained at 4°~2°C. The temper­
ature is monitored by the laboratory security system and re­
corded daily in a bound log by the sample custodian. If during
working hours, equipment failure (compressor failure, door left
open, etc.) results' in the storage refrigerator temperature
exceeding the upper or lower control limits, an audible alarm
will sound, and the samples will be moved to ·suitably control­
led storage unti I the problem has been corrected. During off
hours, the alarm is automatically transferred to security agen­
cy personnel, who alert laboratory and maintenance personnel
(via beeper call) so that prompt corrective action can be taken.

from the sample custo­
record to acknowledge

Analysts requ~st samples for analysis
dian. Both slgn the chain-of-custody
transfer of custody to the analyst.

Sample Tracking -- Organics Analyses

For samples that require extraction prior to analysis, a sam­
ple extraction form is completed during the time of extraction.
A copy of this form is shown as Figure 1-5.

When samples are extracted for analysis by gas chromatography,
GC/MS, or liquid chromatography, all pertinent data are entered
on the' sample extraction form and rec,orded in a bound laborato­
ry notebook. Data are entered onto the form via computer by the
person performing the extraction as the extraction proceeds. A
hard copy of the form is printed out and is used as the vehicle
for custody transfer to the analyst. Copies are provided to the
analysts to inform them that extracts are ready for analysis.
The bound laboratory notebook is kept in the laboratory. Ex­
tracts are maintained in refrigerated storage. by the sample
preparation section until transferred to the analysts.

Sample Tracking -- Metals Analyses

Samples are received by the sample preparation section for
.digestion prior to analysis for metals by atomic absorption/
inductively coupled plasma spectroscopy. When samples are pre­
pared for' digestion, the preparation technician fills out a
sample digestion record. The type of information recorded is
shown in Figure 1-6.

All information regarding sample digestion is entered onto the
sample digestion record via computer as the extraction proceeds
and recorded in a bound laboratory notebook. The digestion
record is maintained to acknowledge custody transfer of di­
gestates to the metals analysis section. Upon completion of
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SAMPLE EXTRACTION RECORD

......
I

N
N

Extract. Date:

Test:

Solvent:

Sample No.:

Comments:
Surrogate:
Spike:

Client
ID

Extraction Batch No.:

Cleanup Date:

pH Inllial
WT/VOL

Surr.
MuH.
500 ul

SpIke
MuN.
500ul

Analyst:

Analyst:

Final
VOL
ACID

Final
VOL
BN

Sheet No.:

Method:

Client:

Adsorbent:

SpiN
Mull

..
SolIde

C/D
F.....

Extracts Transterred Relinquished By Date Time Recefved By Date TInMt Aea80ft lor 1l'8MM

FIGURE 1-5 SAMPLE EXTRACTION RECORD
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SAMPLE DIGESTION RECORD

Ibtrill _

Client _

Customer 101 Initial Final pH DESCRIPTION
SoIl Prep

RFW# Spike Inlo Wt./Vol. Vol c2'"' WATER· Color. Clarity Pan Wet Dry
g/mL (mL) SOIL· Color. Texture. Artifacts Wt.(g) WI. (g) Wt.(g)

~

.,

Comments:

lYpe of Ana/yUI _

DIgestion Date DI9ntion Batdl No. Anatyat'-- _

Completion Date lYpe of Prep. Method _

Parameters _

I
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FIGURE 1-6 SAMPLE DIGESTION RECORD
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sample digestion, a carbon copy of the sample digestion record
is provided to the metals analysis section to alert them that
digestates are ready for analysis. The bound laboratory note­
book is retained by the sample preparation section.

R cordkeeping

Data related to all sample preparation and analysis procedures
and observations by laboratory analysts are recorded in bound
laboratory notebooks that are issued by the laboratory QA
Coordinator. Laboratory notebook pages are signed and dated
daily by laboratory analysts. Corrections to notebook entries
are made by drawing a single line through the erroneous entry
and writing the correct entry next to the one crossed out. All
corrections are initialed and dated by the analyst.

Sui Iding Security

The WESTON laboratory maintains controlled building access at
all times. During working hours, all non-WESTON laboratory
personnel are required to sign in with the receptionist and are
escorted by laboratory personnel while in the building.

The laboratory is locked by an ADT Security System between the
hours of 5:00 p.m. and 8:00 a.m. Monday through Friday and dur­
ing nonworking hours. Thi s secur i ty system not only monitors
building access, but also monitors the tempe~ature in the sam­
ple storage refrigerators. If the control temperature range is
exceeded during working hours, an audible alarm sounds, and
during nonworking hours, a silent alarm alerts ADT personnel.
The building is accessed by laboratory employees during non­
working hours by using a key and the passcode for the building
security system.

Any breach of security during nonworking hours sounds a silent
alarm to security agency personnel, who alert the local law
enforcement agency and one of three laboratory personnel via
beeper call. Police response to security alarms takes place
within 5 minutes, and laboratory personnel are onsite within 20
minutes.

1.6.2 Documentation

1.6.2.1 Sample Identification

A numbering system has been developed to identify each well,
boring location, and sample taken during water and soil sam­
pling programs. This numbering system provides a tracking
procedure to allow retrieval of information concerning a
particular sample.

1-24
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Each sample number will consist of three components that will
consist of site, location, and sample identifiers, as described
below .

• Site Identifier -- A 2-digit designation will be used
to identify the particular site where the sample is
being collected, such as Ordnance Demilitarization
site (Site 2). The site number will be cross-refer­
enced to the actual site name in the IRP Stage 2 Work
Plan and also to the sampler I s field notebook. The
site identifiers to be used for the Stage 2 investiga­
tion are based on the site numbering system used in
earlier investigations and are listed in Table 1-4.

• Location Identifier -- A3-digit designation will be
used to identify the sample location within each site,
such as the number of a monitor well (see Table 1-5),
surface water sample, or soil boring.

• . Sample Identifier -- A 4-character alphanumeric desig­
nation will be used to identify samples according to
sample type. The first character will be Cj. letter to
identify the sample type as follows:

S - Shallow soil
M - Monitor well
B - Soil boring
W - Surface water and seep
D - Sediment
P - Production well
L - Landfill leachate
G - Tank sample
H - Drum sample
A - Air sample

The remaining three characters will be digits and will
be used ·to provide additional information depending
upon the type of sample. For a monitor well or surface
water sample, the three digits will indicate from
which sampling round the sample came, e.g., 001, 002,
etc. For a soi I or sediment sample, the three digits
will indicate the depth sequence from which the. soil
sample was obtained, e.g., 001, 002, 010 (S-l, S-2,
S-10, etc.). The depth interval for that sample number
will be cross-referenced in the field logs.

The sample number will not be related directly to date of col­
lection; however, the date will be documented in the sampler's
field log and on the chain-of-custody. record.

Provisions will be made where circumstances require a slight
modification to the numbering sequence for a specific sample.
Two typical sample numbers follow:

1-25
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Tabl 1-4

6572B33

Surface Water/Stream System

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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07

05

10

19

22

26

20

11

30
31
32
33

03

02

04

Site
Identifier

Number

1-26

Paint Chip Disposal Area adjacent to
Building D-2

Explosive "D" Washout Area adjacent
to Building GB-l

Grit Blasting Disposal Area adjacent
to Building 544

Contract Ordnance Disposal Area

Paint Chip and Sludge Disposal Area
adjacent to Building S-34

Scrap Metal Landfill near Building 589

Landfill south of "P" Barricades

Ordnance Demilitarization Site

Landfill west of Army Barricades

Landfill southwest of "F" Group

Landfill west of "D" Group

Site Name

Summary of Site Identifier Numbers
IRP Phase III, NWS Earle, New Jersey

7

4

5·

2

3

26

22

19

20

10

11

Swimming River
Shark River
Manasquan River
Crompton Creek

Site No.



I ~
I· Table 1-5

I Summary of We II Location Identifier Numbers
IRP Phase III, NWS Earle, .New Jersey

I
Well

I
Site Existing Location
No. Well No. Identifier

I 2 2-1 001
·2-2 002

2-3 003

I 2-4 004

3 3-1 001

I
3-2 002
3-3 003

4 4-1 001

I 4-2 002
4-3 003

I 5 5-1 001
5-2 002
5-3 003

I
5-4 004

7 7-1 001
7-2 002

I 7-3 003

10 10-1 001

I
10-2 002
10-3 003

11 11-1 001

I 11-2 002
11-3 003

I 19 19-1 001
19-2 002
19·-3 003

I 26 26-1 001
26-2 002
26-3 003

I
I 1-27
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collected from
Demilitarization

of the groundwater
we11 . 001, Site 7 ,

07-00l-M10l Field duplicate
sample collected from monitor
sampling round 1.

• 11-114-B105 -- Field duplicate soil sampl~ taken from
boring llD at Site 11, sample S-5.

•

02-001-M001 Groundwater sample
monitor weIll, Site 2 (Ordnance
Site) during the first sampling round.

• 02-001-B004 -- Soil sample 4 taken from boring 1 at
Site 2 at a depth of 14 to 16 feet (cross-referenced
in the notebook).

•

Trip and Ambient Blanks

The first character of the sample identifier will denote the
sample type. The next three characters will be digits, the
first of which will always be a 3 to denote a trip blank. The
next two digits will indicate from which round the sample was
collected. The site and location identifiers will be the num­
bers of the location and corresponding site of the last sample
on the chain-of-custody record.

Equipment Blanks

The first character of the sample identif ier wi 11 denote the
sample type. The next three characters will be digits, the
first of which will always be a 2 to indicate an equipment
blank. The next two digits will indicate from which sampling
round the sample was collected. The .site and location identi­
fiers for the equipment blank will be the numbers of the loca­
tion and corresponding site sampled immediately prior to col­
lecting the equipment blank.

• 07-001-M201 -- Equipment blank collected during round
1 immediately after sampling monitor well 001 at Site
7.

The last four characters of the numbering system may be used to
denote that a sample is one collected for quality control pur­
poses (see Subsection 1.10.1). The site and location identifier
will not change. The numbering. system for quality control sam­
ples is explained below.

Field Oupl icates/Field Repl icates

The first character of the sample identifier will be a letter
to identify the sample type, as previously discussed. For ·dup­
licate or replicate samples, the second character will always
be the number 1, which will indicate that the sample is a
duplicate of the sample denoted in the location identifier.
Two typical sample numbers are:
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07-001-M301 -- Trip blank collected during round 1;
01-001 are the site and location identifiers of the
last sample on the chain-of-custody record for each
batch of samples taken for VOCs ana+yses.

The first character of the sample identifier will denote the
sample type. The next three characters will be digits, the
first of which will be a 4 to denote an ambient blank. The next
two digits will indicate from which round the sample·was col­
lected. The site and location identifiers will be the number of
the location and corresponding site of the last sample collect­
ed at that site.

• 07-001-M401 -- ambient blank. collected during round 1
at Site 7; the last well sampled at that site was
monitor well 001.

1.6.2.2 Field Logs

All data collection activities performed at a site will be doc­
.umented either in a field notebook or on appropriate forms.
Entries will be as detailed and descriptive as possible so that
a particular situation can be recalled without reliance on the
collector's memory. All field log entries should be dated.
Field notebooks will be bound books and will be assigned to
individual field personnel for the duration of their stay in
the field. All field log forms will be kept in ring binders
assigned to individual field personnel.

The cover of each notebook or ring binder will contain the
following information:

• Person to whom the book is assigned.
• Project name.
• Start date.
• End date.

It will be the responsibility of all field personnel to
photocopy at the end of that day all field logs (including
notebook pages and field forms) generated during a field day.

1.6.2.3 Corrections to Documentation

All measurements made and samples collected will be' recorded.
Each field geologist/scientist will initial each page as it is
completed. If an incorrect entry is made, the data will be
crossed out with a single strike mark and the mark initialed.

Any revisions to field notes will be made on the field log and
will be dated and initialed by the person revising the log.
There will be no erasures or deletions from the field logs.
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1.6.2.4 Ph tographs

To the extent practicable and permissible within station
security requirements, sampling locations will be photographed
to provide a visual record of the conditions of the sampl ing
area. All rolls of film will be numbered with roll number and
picture number recorded in the field logbook. Pictures of. the
sampling locations will be taken with 35-rrun slide or print
film. Sampling locations will be identified in the photographs
by placing an 8.5- XII-in. (or larger) sheet of paper with the
sample and/or well ·number written on it next to the well or
sampling point when the photograph is taken.

1.6.3 Sample Handling, Packaging, and Shipping

1.6.3.1 Sam~Ie Handling and ~ackaging

Samples obtained at potentially hazardous waste sites are clas­
sified as either environmental or hazardous samples. Within the
environmental sample category, a distinction is made between
low- and medium-concentration samples for determining both
shipping procedures and appropriate analytical protocols such
as dilution. These categories apply to both solid and liquid
samples.

Low-level environmental samples are considered to be those col­
lected offsite, around the perimeter of a waste site, or in
areas where hazards are thought to be significantly reduced by
normal environmental processes. Medium-level environmental sam­
ples are most often those collected onsite in areas of mod­
erate dilution by normal environmental processes. Hazardous­
level samples include samples collected from drums, surface
impoundments, direct discharges, and chemical spills where
there is little or no evidence of environment dilution. Hazard­
ous-level samples are suspected to contain greater than a 15
percent concentration of any individual chemical contaminant.

Determination of the suspected concentration level of a sample
is made in the field based on the point of origin of the sam­
pIe, visual evidence, evidence from OVA field screening, and
past analytical results, if available.

In general, all groundwater and surface water (stream and pond)
samples at NWS Earle are expected to be low-level environmental
samples. Selected soil samples from source areas may be medium­
level environmental or hazardous-level samples. As a conserva­
tive approach, all samples suspected of being either medium­
level environmental or hazardous-level samples will be handled
and shipped in the manner described in Subsection 1. 6.3.3.
However, based on field data, a distinction between sample lev­
el categor ies wi 11 be noted on the chain-of-custody record,
whenever possible.
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Whatever the suspected level category of a sample, the sample
container will be handled with gloves and will be decontam­
inated in the field by rinsing off any water, preservatives, or
soil residue with potable water prior to shipping.

1.6.3.2 Procedure for Packing Low-Level Environmental
Samples

Samples assumed to have no to low concentrations of contam­
inants (low-level samples) will be collected in glass con­
tainers. The sealed and labeled containe.: will then be placed
inside a watertight polyethylene bag. The sealed packages will
then be placed inside an ice chest and packed with an absorbent
packaging material such as vermiculite so as to prevent break­
age. Ice will be placed on toP. of the samples to keep them cool
during shipment. The ice chests will be sealed with a custody
~eal and strapping tape.

1.6.3.3 Procedures for Packing Medium-Level Environmental and
Hazardous-Level Samples

Samples suspected of having medium or hazardous levels of con­
taminants will be packed according to the following procedure:

• The sample container will be placed·· in a separate
2-mil thick (or heavier) watertight polyethylene bag.
Each sealed bag will be placed inside an appropriately

-sized metal can with enough noncombustible absorbent
packaging material (e.g., bentonite, vermiculite, or
diatomaceous earth) to prevent breakage and provide
for absorption of liquid with one bag per can. The can
will be pressure-closed, and clips or tape will be
used to hold the lid securely. An example of this
packaging is shown in Figure 1-7.

• The metal cans will be placed in a strong outside con­
tainer such as an ice chest and surrounded with ver­
miculite or similar substitute for stability during
transport. Ice will be placed on top of the samples to
keep them cool during shipment. The ice chest will be
sealed with a custody seal and strapping tape. The ap­
propriate stickers, as specified by the U. S. DOT or
the State DOT whichever is more stringent, will be
placed on.the ice chest to indicate that its contents
may be hazardous. An example of the cooler labeling
for medium-concentration samples is shown in Figure
1-8.

1.7 CALIBRATION PROCEDURES AND FREQUENCIES

This subsection reviews calibration procedures and frequenci~s

for the following types of equipment:
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This End Up

Legend

1 Sample Container

2 Ziplock Bag (2 Mil Minimum)

3 Vermiculite (or Equivalent) Packing

4 Metal Paint Can With Lid

5 This End Up Sticker

6 Strapping Tape

FIGURE 1-7 SAMPLING PACKAGING, MEDIUM-LEVEL ENVIRONMENTAL AND
HAZARDOUS-LEVEL SAMPLES
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1 Flammable Uquld. N.O.S.

(DOT label)

2 Arrows Pointing Cooler In
Upright Position

3 this Side Up

.. laboratory Addreta

5 Return, or local Add....

8 Flammable Uquld N.O.s.
7 Ut-l1993
8 Same as .2

9 Danger Cargo Aircraft Onty
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10 Umited Quanttty

11 Custody Seel (0pti0nIII)

12 Tape to seal Cooler

FIGURE 1-8 SHIPPING CONTAINER, MEDIUM-LEVEL ENVIRONMENTAL AND
HAZARDOUS-LEVEL SAMPLES



• Field equipment (including water level recorders,
field water and air quality screening equipment, and
geophysical equipment).

• Laboratory equipment (including both inorganic and
organic analytical equipment).

1.7.1 Field Equipment

The in-field analytical instruments to be used during the Phase
III investigation are listed below:

• HNu photoionization analyzer.
• Organic vapor analyzer (OVA).
• Combustible gas indicator .( CGI) or explosimeter.
• Specific conductance meter.
• pH meter.
• Gamma ray scintillation logging device.
• Magnetometer.

The instruments will be calibrated before and after each field
use or as otherwise described below. Instruments will be
calibrated each day during field use. Calibration records will
contain the following information: instrument name and number,
name of person performing the calibration, date of calibration,
calibration points, results of the calibration, and
manufacturer and lot number of the calibration standards.·

1.7.1.1 HNu Photoionization Analyzer

The HNu photoionization analyzer' is designed to measure the
concentration of trace gases in many industrial or plant atmos­
pheres. The analyzer employs the principle of photo ionization
for detection. A sensor, consisting of a sealed ultraviolet
light source, emits photons that are energetic enough to ionize
many trace species, particularly organics. In general, the in­
strument will be calibrated by following the listed procedures:

1. Insert one end of T tube into probe. Insert second end of
probe into calibration gas in the 20 to 200 ppm range. The
third end of probe should have the rotometer (bubble meter)
attached.

2. Set the function switch in the 0 to 200 ppm range.

3. Crack the valve on the pressured calibration gas container
until a slight flow is indicated on the rotometer. The in­
strument will draw in the 'volume required for detection
with the rotometer indicating excess flow.

,

4. Adjust the span potentiometer so that the instrument is
reading the exact value of the calibration gas. (Calibra­
tion gas value is labeled on the cylinder.)
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5. Turn instrument switch - to the standby position and check
the electronic zero. Reset zero potentiometer as necessary.

6. Record on the form provided all original and readjusted
settings as specified by the form.

7 . Next, set the funct ion switch to the a to 2a ppm. Remove
the mid-range (20 to 200 ppm) calibration gas cylinder and
attach the low-range .( a to 20 ppm)· calibration gas cylinder
as descr ibed above ..

8. Do not adjust the span potentiometer. The observed reading
should be ±3 ppm of the concentration specified for the
low-range calibration gas. If this 'is not the case, recal­
ibrate the mid-range scale repeating procedures 1 to 7
above. If the low-range reading consistently falls outside
the recommended tolerance range, the probe light source
window probably needs cleaning. When the observed reading
is within the required tolerances, the instrument is fUlly
calibrated.

The HNu instrument will· be calibrated once daily at the start
of field operations.

1.7.1.2 Organic Vapor Analyzer

The Century portable organic vapor analyzer (OVA) is designed
to detect and measure gases and organic vapors in the atmos­
phere. The instrument utilizes the principle of hydrogen flame
ionization for detection. The organic vapor analyzer measures
gases and vapors by producing a response to an unknown sample
that can be related to a gas of known composition to which the
instrument has been previously calibrated. The instrument is
normally calibrated to methane gas. To calibrate the instru­
ment the following step-by-step procedure is used:

1. Set CALIBRATE switch to 10.

2. Adjust meter reading to zero by rotating the CALIBRATE
ADJUST (zero) knob.

3. Attach one end of T assembly to calibration gas cylinder
and the other to the probe.

4. Crack open calibration gas cylinder until a slight flow of
gas can be detected exiting the open end of the T assembly.
(Caution: if the calibration gas is toxic or highly flam­
mable, calibration should occur inside a hood.)

5. Adjust GAS SELECT knob on instrument until the meter reads
the same level as that of the calibration gas.

6. Turn off calibration cylinder and remove T assembly.
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specialty
should be

The instrument is now calibrated for the
gas/vapor. All respon~es of the instrument
recorded relative to the specialty gas.

1. Disassemble case by removing the four retaining screws.

The combustible gas indicator is calibrated to methane at the
laboratory to indicate directly the percentage LFL of methane
in air.

The oxygen portion of the instrument is calibrated by placing
the meter in normal atmospheric air and rotating the CAL.
OXYGEN control knob until the oxygen meter reads exactly 20.9
percent oxygen. This calibration will be done once daily when
in use.

The gas detector will be calibrated at least once every month
and whenever the detector filament is replaced. The calibration
kit included with the CGI contains a calibration gas cylinder,
a valve attachment to release the cal ibration gas, flexible
tubing (delivery tube), and a cylinder to encapsulate the
sensor probe.

The explosimeter or combustible gas indicator (CGI) is an air
monitoring device designed to indicate a flammable/explosive
atmosphere and the level of oxygen present. The CGI registers
combustible gas or vapors in terms of their Lower Flammability
Limit (LFL), which is the lowest concentration at which a com­
bustible gas may ignite (or explode) under normal atmospheric
conditions. Since the instrument measures both the level of
oxygen in the' atmosphere and the level a combustible gas
reaches before igniting, the calibration of the instrument is a
two-step process.

10. Record the following on the instrument calibration label:
calibration date, span gas and concentration, span setting,
and initials of person performing calibration.

Calibration will be performed prior to use on a daily basis in
a well-ventilated area.

1.7.1.3 Explosimeter/Combustible Gas Indicator

7.

8. Calibration in the xl0 range, by adjusting the GAS SELECT
knob, automatically calibrates the instrument for the xl
and xl00 ranges. No further adjustments are necessary.

9. Shut instrument down by closing the SUPPLY VALVE and TANK
VALVE and placing the INSTR and PUMP switches in the OFF
position.
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2. Allow the instrument to warm up for 15 minutes.

3. Assemble the calibration gas tank and delivery tube/
cylinder.

4. Carefully open the valve on the gas tank to bathe the
sensor with just enough gas to cause the needle on the LFL
meter to move.

5. Adjust the LFL CAL. control screw on circuit board until
the percentage LFL meter indicates exactly the correct LFL,
as indicated on the calibration. gas cylinder.

Calibration in an atmosphere of combustible gases requires a
source of methane test gas and a source of compressed air:

1. Using compressed air, bathe the gas· sensor in a flow of
air, and adjust the ZERO LFL control knob.

2. Calibrate the oxygen meter by rotating the CAL. OXYGEN
control knob until the oxygen meter indicates 20.9 percent.

3. Using the methane test gas, bathe the sensor in a flow of
test gas and calibrate, if necessary, by adjusting the LFL
CAL. control screw on the circuit board.

1.7.1.5 pH Meter

The Fisher Model No. 107 pH Meter, or equivalent, is a portable
pH monitoring instrument for determining pH in surface and
groundwaters, waste systems, and other water quality appl ica­
tions.

The instrument requires field calibration daily or each time
the meter is turned on (if more than once per day). Distilled
water and buffer solutions (pH 7. and pH 4) are required for
field calibration. All solutions must be at the same tempera­
ture to reduce meter stabilization time and to maintain accu­
racy. The instrument is calibrated as follows:

1. Rinse the electrode in distilled water.
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2. Place the electrode in the pH 7 buffer solution and allow
the meter reading to stabilize.

3. Adjust the control using the knob on the front panel of the
instrument until the meter reads pH 7.

4. Rinse the electrode in distilled water.

5. Place the electrode in pH 4 solution and allow the meter
readout to stabilize.

6. Adjust the control knob until the meter reads the correct
value of the pH 4 solution.

7. Rinse probe in distilled water.

8. Repeat steps 2 through 7.

9. Record results in logbook.

1.7.1.6 Gamma Ray Scintilation Logging Device

The gamma ray scintilation logging device will be calibrated
prior to field use to a known low-level radioactive source by a
skilled, trained, and appropriately licensed operator of the
service company or manufacturer.

1.7.1.7 Magnetometer

Magnetic measurements will be obtained using a Scintrex V-92
portable cesium high-sensitivity magnetometer or equivalent.
The magnetometer unit includes a digital readout, a sensor
head, and sensor electronics that are connected by a wooden·
staff pnd a rechargeable battery belt. A detailed description
of the magnetometer's operation principles can be found in the
Scintrex operations manual (Scintrex Limited).

The calibration at the magnetometer is performed by the manu­
facturer. The initial adjustment is done at the start of the
survey to ensure that most of the readings can be taken on the
most accurate (lowest) scales. Suppose, for instance, that
variations of the magnetic field in the area are expected to be
within 1,000 gammas:

1) Turn the Main Switch (1) to +.

2) Turn the Range Switch (2) to 1,000 gammas.

3) Turn the Latitude Switch (3) to a position that brings the
needle of the meter on scale.
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4) Turn the Latitude Fine Control (4) so that the needle of
the mete'r is in an appropriate part of the scale, usually
around the mid-point. Replace the cap covering the Lati­
tude Fine Control.

The instrument has now been set to read in the area and the
survey can be carried out without altering the Latitude Switch
(3) and Latitude Fine Control (4). Should any reading go off
scale, rather than change switches (3) and (4), it is more
practical to change the Range Switch (2) to the next higher
range.

If the magnetic values· in the survey area are expected to vary
by less than 300 gammas, the initial adjustment may be made to
the mid-point of the 300 gammas scale.

1.7.2 Laboratory Equipment.

Before any instrument is used as a measuring device, the in­
strumental response to known reference materials must be deter­
mined. The manner in which various instruments are calibrated
is dependent on the particular type of instrument and its in­
tended use. All sample measurements are made within the cal i­
brated range of the instrument.

Laboratory instrument calibration typically consists' of two
tyPes: initial calibration, and continuing calibration. In­
itial calibration procedures establish the calibration range of
the instrument and determine instrument response over that

'range. Typically, three to five analyte concentrations are used
to establish instrument response over a concentration range.
The instrument response over that range is expressed as a cor­
relation coefficient (e.g., for atomic absorption, inductively
coupled plasma, UV-visible/infrared spectrophotometry, ion
chromatography) or by a response factor, amount/response (e.g.,
for gas chromatography, gas chromatography/mass spectrometry,
high-performance liquid chromatography).

Continuing calibration usually includes measurement of the in­
strument response to fewer calibration standards and requires
instrument response to compare with certain I imits (e. g., 10
percent) of the initial measured instrument response.

The specific instrument calibration procedures for various
instruments used in the lab are found in the WESTON Analytics
QAP attached as Appendix A.

1.8 FIELD ANALYTICAL PROCEDURES

1.8.1 Field Testing and Screening

As part of the analytical protocol for all samples, several
parameters will be tested in the field. All liquid samples will
be tested for temperature, pH, specific conductance (SC), and
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total volatile organic (TVO) vapors in sample headspace. Soil
samples will be tested for TVO only. At each sampling location,
a sample aliquot will be collected in a clean 8-ounce jar for
the purpose of field testing. The following subsections de­
scribe the procedures for analysis of field parameters.

1.8.1.1 pH Measurement

The pH of all liquid samples will be measured using a Fisher
Model No. 107 portable water pH meter (or equivalent). Before
analyzing a sample, the pH meter will be calibrated and checked
against the provided buffer solutions. The probe is then rinsed
with distilled water and placed in .the sample to be tested. One
minute should be allowed for the meter to stabilize and the
reading then recorded in the field log book. After the reading
is taken, the probe will be rinsed with distilled water and
placed in 7.0 buffer solution until its next use.

1.8.1.2 Specific Conductance and Temperature Measurement

The specific conductance and temperature of all liquid samples
will be taken with a YSI Model 33 meter (or equivalent). When
not in use, the probe will be placed in a jar of distilled
water. Prior to placing the probe in the sample and after
taking the specific conductance and temperature'of the sample,
the probe will be rinsed with distilled water. The temperature
should be taken with the knob set on "temperature" and the
specific conductance measured using the appropriate range of
the "conductance" setting. One minute should be allowed for the
reading to stabilize prior to recording the measurement in the
field log book.

1.8.1.3 Total Volati Ie Organics Measurement

The measurement of TVO in soi 1 and water samples wi 11 be done
using an Hnu photoionization analyzer, a Century organic vapor
analyzer, or equivalent. These measurements will follow the
protocols of SW846 method 3810 (see Appendix B).

The in-field measurement of the' TVO of a sample is used for
screening purposes only and is not considered a quantitative
measurement. Measurement of sample TVO does not. preclude
collection of air TVO measurements in the breathing zone for
safety purposes.

1.8.2 Laboratory Methods

Laboratory analytical methods proposed for use in this project
to analyze soil, sediment, and water samples are listed in
Table 1-6. Appendix B contains a list of parameters to be
determined for each analytical method, and the limits of
detection (LODs) for each parameter.
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" Tab Ie 1-6

Summary of Analytical Methods
IRP Phase III, NWS Earle, New Jersey

Method
Parameter Soil/Sediment Water

Organics (TCL)

VOCs EPA CLP SOW· EPA CLP SOW
BNAs EPA CLP SOW EPA eLP SOW
Pesticides/PCBs EPA CLP SOW EPA CLP SOW

Inorqanics

Cyanide EPA CLP SOW EPA CLP SOW
Metals (TAL) EPA CLP SOW EPA CLP SOW

Total" petroleum
hydrocarbons SW9071/E418.1 NA

Nitrate/nitrite NA E353:1

EP Toxicity metals SW1310/6010 NA

Explosives USATHAMA methods "USATHAMA methods

*U.S. EPA Contract Laboratory Program Scope of Work
NA-Not appl icable"
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of detection· listed in Appendix B are based on
detection limits for· clean water (with no inter­
Instrument detection limits are determined by
the procedures detailed in the WESTON standard
Laboratory Quality Assurance Plan (see Appendix A).

1.9 DATA REDUCTION, VALIDATION, AND REPORTING

1.9.1 Field and Technical Data

For inorganics analyses, the instrument detection limits are
expected to be below the required LODs. Therefore, the LODs
provided in Appendix B will be used as detection limits for
reporting purposes for inorganics analyses.

For organics analyses, the instrument detection limits for
clean water are expected to be close to the LODs listed in
Appendix B. The actual lower quantification limits of organic
compounds in most environmental samples are expected to be
higher than the LODs listed. Therefore, the Practical Quanti­
fication Limit (PQL) convention will be used for reporting of
organic analytical data as recommended for specific methods and
matrices in "Test Methods for Evaluating Solid Waste" (SW846,
November 1986, Third Edition). Values below the stated PQLs
will be qualified with a "J" to indicate the presence of a
compound that meets the identification criteria but for which
the concentration is less than the sample PQL and is, there­
fore, estimated rather than accurately quantified.

Objective data include all direct measurements of field data
such as field screening/analytical parameters, water level
measurements, and geophysical data. Subjective data include
descriptions and observations such as lithologic descriptions
of well cuttings and soil borings.

1.9.1.1 Field and Technical Data Reduction and Recording

As described in Subsection 1.6.2.2, all field data will be re­
corded by field personnel in bound field notebooks and in ring
binders on the appropriate field forms. For example, during
drilling activities, the field team member supervising a rig
will keep a chronologic log of drilling activities, a vertical
descriptive log of lithologies encountered, (following the Uni­
fied Soil Classification System in Appendix C), other pertinent
drilling information (staining, odors, field screening, atmos­
pheric measurements, water levels, geotechnical data), and a
labor and materials accounting in his/her bound notebook.

The limits
instrument
ference) .
following
Analytical
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After checking the data in the field notebooks and forms (see
Subsection 1.9.1.2), the data will be reduced to tabular form,
wherever possible, by entering it in data files. Objective data
may be set up in spreadsheet type tabular files (e.g., water
level data) or as two-dimensional arrays (e.g., magnetometer
data). Subjective data such as soil boring and well logs will
be filed as hard copies for later review and for incorporation
into technical reports, as appropriate.

1.9.1.2 Field and Technical Data Validation

Validation of objective field and technical data will be per­
formed at two different levels. On the first level, data will
be validated at the time of collection by following standard
procedures and QC checks (e.g., triplicate measurements) speci­
fied in Section 2. At the second level, after data reduction
into tables or arrays, the. data will be reviewed for anomalous
values. Any inconsistencies or anomalies discovered by this re­
view will be resolved immediately, if possible, by seeking
clarification from'the field personnel responsible for collect­
ing the data.

Subjective field and technical data will be validated by the
review of field reports for reasonableness and completeness. In
addition, random checks of sampling and field conditions will
be made to check recorded data at that time to confirm the re­
corded observations. Whenever possible, peer review also wi 11
be incorporated into the data validation process, particularly
for subjective data, in order to maximize consistency among
field personnel. For example, during drilling activities, sche­
duled periodic reviews of archived lithologic s.amples will be
performed to ensure that the appropriate lithologic descrip­
tions and codes are being consistently applied by all field
personnel.

1.9.2 Laboratory Data

All analytical data are recorded into bound laboratory note­
books issued 'by the QA Coordinator. Data are recorded and as­
sociated with the unique WESTON laboratory sample identifica-,
tion number and the field sample identifier. For inorganic
(nonmetal) analyses, the bound notebook pages are preformatted
for each analytical method. These pages contain the following
information:

• Analytical method.
• Analyst.
• Date.
• Reagent concentrations.
• Instrument settings (as applicable).
• Raw data. '
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The laboratory analysts 'sign and date all notebook entries.
daily. The notebook pages are reviewed periodically by the Sec­
tion Manager prior to final data assembly. Copies of strip­
chart outputs (chromatograms, etc.) are maintained on file.

1.9.2.1 Laboratory Data Reduction

At the completion of a set of analyses, all calculations are
completed and checked by the analyst. The associated qual i ty
control data (blanks, blank spikes, dupl icates) are entered
onto quality control charts and verified to be within control
I imits . I f all data are acceptable, the data are entered into
the laboratory computer system and the data summaries (notebook
pages, final concentrations) are submitted to the Section Mana­
ger for review. This is the procedure for all inorganic analyt­
ical data. For organic analytical data, summary reports are
manually generated for review by the Section Manager. After ap­
proval, data are manually entered into a computer terminal
(Lotus format). If QC samples do not meet acceptance criteria,
the appropriate Laboratory Section Manager and the QA Coordina­
tor are notified, and corrective action is taken as described
in Subsection 1.14.2.

Acceptable data are submitted to the Laboratory Section Manager
for review. Following approval by the laboratory Section
Manager, the laboratory Data Manager is notified that data are
ready to be reported, and the completed analyses are removed
from the laboratory backlog.

The laboratory Data Manager generates a hard copy data summary
that is reviewed and signed by the laboratory Section Manag~r

and the Laboratory Manager.

1.9.2.2 Laboratory Data Val idation

In addition to the data review performed by analysts and the
appropriate laboratory Section Manager, the laboratory QA Coor­
dinator audits approximately 10 percent of the data reported by
the WESTON Analytical Laboratory. This audit focuses on compli­
ance of data with laboratory quality control requirements and
client contractual requirements. This audit includes selective
checks on calculations, verification of the report format, and
completeness of the data report package. Laboratory data vali­
dation and laboratory deliverables for the Remedial Investiga­
tion will meet the minimum requirements of NESSA 20.2-047B,
Section 7.

1.9.2.3 Laboratory Data Reporting

Laboratory data will be reported in tabular listing using the
Wallace system. The laboratory data reports will include sam­
ple analytical results, second-column confirmation results, re­
portable field and laboratory QA/QC sample analytical results
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The quality assurance effort for a field investigation program
is developed to ensure and validate that inconsistencies in
protocols or the field protocols themselves do not introduce
error into the data collection process. To achieve this goal,
standard operating procedures (SOPs) have been developed, as
described in Section 2, and will be followed as consistently as
possible by all field personnel given the variability of natur­
al conditions encountered in the field. Any deviation from SOPs
necessitated by unanticipated field conditions will be fully
documented as they occur. An integral part of SOPs are the
quality control checks for each type of field method (see
Section 2). .

Field

1.10 -INTERNAL QUALITY CONTROL CHECKS

1.10.1 Internal Quality Control Checks

Specifically, field quality control checks have been introduced
into the sample collection procedures to minimize (and identify
if it occurs) the potential for interference or introduction of
nonenvironmental contaminants during sample collection, stor­
age, transport, and/or equipment decontamination. These checks
are provided through collection of field quality control sam­
pIes. The following types of qual i ty control samples wi 11 be
included in the sampling quality assurance program:

• One trip blank with every cooler of VOCs samples (both
soils and water) sent to the laboratory. Definition of
trip blank: a sample bottle is filled with ASTM Type
II reagent water, is transported to the site, is
handled like a sample, and is returned to' the labora­
tory for analysis (trip blanks are not to be opened in
the field). Type II reagent water is the trip blank
for both soil samples and water samples.

(as specified in Subsection 1.10), method limits of detection,
and sample practical quantitation limits (PQLs).

1.9.3 Data Management

Laboratory data will be compiled in tabulated databases. These
data will be stored in both paper copy and in magnetic form. A
copy of both formats shall be submitted to the Navy. In addi­
tion, a copy will be on file in WESTON's permanent project
files. These data are kept a minimum of 5 years in the perma­
nent project files.

Field notes, technical reports, and original diagrams are keep
in the permanent project files. Magnetic media copies, if
avai labIe, are stored along with a paper copy in the proj ect
files. Originals of large scale maps are stored in the project
files. Records for both analytical data and project files are
retained by WESTON for a minimum of 5 years.
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• One ambient conditions blank (field blank) per VOCs
sampling round (water) at a particular site or zone.
Definition of ambient conditions blank: Type II
reagent water is poured into a sample container at the
site, is then handled like a sample, and is trans­
ported to the laboratory for analysis.

• One set of equipment rinsate blanks for every sampling
event. Definition of equipment blank: Type II reagent
water is poUred into the sampl ing device (or· ·pumped
through it in the case of sampl ing pumps), is trans­
ferred to the sample bottle, and is transported to the
laboratory for analysis. Initially, samples from
every other day will be analyzed.

• Ten percent of the total number of samples wi 11 be
obtained as field duplicates (all parameters analyzed)
for water samples. Definition of duplicate: two sam­
ples collected independently at a sampling location
during a single act of sampling. Field duplicates will
be indistinguishable from other analytical samples so
that personnel performing the analyses are not able to
determine easily which samples are duplicates.

• Ten percent of the total number of samples will be
obtained as field duplicate or replicates (all parame­
ters analyzed) for soil/sediment samples . Definition
of replicate: a single sample is collected and then
divided into two equal parts for the purpose of analy­
sis. Replicate samples are often called "splits."
Field replicates will be indistinguishable from other
analytical samples so that personnel performing the
analyses are not able to determine which samples are
replicates.

1.10.2 Internal Qual ity Control Checks -- Laboratory

The quality of analytical data generated daily in the WESTON
laboratories is controlled by the implementation of WESTON '. s
standard Analytical· Laboratory Quality Assurance Plan (see
Appendix A). As specified in the plan under "Method Perform­
ance," types and frequencies of internal quality control checks
have been developed for each analysis type. In general, inter­
nal laboratory QC checks will consist of the following:

• Method Blanks . Method blanks usually consist of labo­
ratory reagent-grade water treated in the same manner
as the sample (i.e., digested, extracted, distilled,
etc.) that is then analyzed and reported as a stan­
dard sample would be.

• Method Blank Spike. A method blank spike is a sample
of laboratory reagent-grade water fortified (spiked)
with the analytes of interests that is prepared and
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analyzed with the associated sample batch. Method
blank spikes are hot included with VOCs analyses since
the same function is served by the calibration stan­
dard analysis.

• Matrix Spikes. A matrix spike is an aliquot of a field
sample that is fortified (spiked) with the analytes of
interest and analyzed with an associated sample batch
to monitor the effects of the field sample matrix
(matrix effects) on the analytical method. Matrix
spikes are performed only in association with selected
protocols, as specified in Appendix A. For each sample
round, matrix spikes will be prepared. once every 20
samples per matrix.

• Laboratory' Duplicate Samples. Duplicate samples are
obtained by splitting a field sample into two separate
aliquots and performing two separate analyses on the
aliquots. The analysis of laboratory duplicate moni­
tors sample precision; however, it may be affected by
sample inhomogeneity, particularly in the case of non­
aqueous samples. Laboratory duplicates will be run and
reported for specific analyses only, as specified in
Appendix A. For each sample round, a laboratory dupli­
cate will be run with every 20 field samples.

In· addition to the quality control samples described above, the
following three additional types of independent quality control
checks (not associated with field sample batches) are routinely
analyzed in the laboratory:

• Laboratory Control Standard for Inorqanics. This is a
standard solution with a certified concentration that
is analyzed as a sample and is used to monitor analyt­
ical a~curacy.

• Blind Performance Sample. This is a QC sample of known
concentration obtained from the U.S. EPA, the National
Bureau of Standards (NBS), or a commercial source. The
blind performance sample is not recognizable to the
analyst as a performance sample and is used to monitor
analytical accuracy.

• Known Performance Sample. A known performance sample
is the same as a blind performance sample, but is
identified to the analyst so that he/she may use it to
check the accuracy of an analytical procedure. It is
particularly applicable when a minor revision or ad­
justment has been made to an analytical procedure or
instrument.

1-47
6572B54



1.11 PERFORMANCE AND SYSTEM AUDITS

Audits may consist of two types -- system audits, and perform­
ance audits. The purpose of a system audit is to determine
whether appropriate corporate, division, and project systems
are in place. A performance audit is used to indicate whether
those systems are functioning properly.

1.11.1 Project System Audits

WESTON's Director of Quality Assurance will periodically, on an
unannounced basis, call for a corporate project audit (system
audi t). The Proj ect Manager must respond by sUbmitting the
Project Quality Control Plan (in this case, the project QAPP),
and the auditor will then determine whether the QAPP is in­
place. The auditor also wi 11 determine whether the reviews
called for in the QAPP have been and.are being conducted. On a
scheduled basis, certain projects are identified by the Direc­
tor of Quality Assurance for a more formal audit. These audits
evaluate in depth the implementation of the QA Program for the
project as they apply to field and data analysis and reduction
procedures. The Division Operations Manager, in his role as
Division Quality Assurance Officer, may request the Director of
Quality Assurance to perform an audit or may conduct the audit
himself. One corporate project audit will be scheduled for NWS
Earle.

1.11.2 Technical Performance Audits

Technical performance audits wi 11 be performed on an ongoing
basis during the project as field data are generated, reduced,
and analyzed. All numerical analyses, including manual calcula­
tions, mapping, and computer modeling, will be documented and
will be the subject of performance audits in the form of qual­
ity control review, numerical analysis, and peer review. All
records of numerical analyses will be legible, reproduction
quality, and complete enough to permit logical reconstruction
by a qualified individual other than the originator.

1.11.3 Field Performance Audits

Periodic in-field performance audits will be conducted by the
appropriate technical QA Officers for the particular discipline
of field activities (e.g., geoscientist to audit well drilling
activities). The purpose of the field audits will be to ensure
that the methods and protocols detailed in this QAPP are being
consistently adhered to ~n the field.

Prior to the audit, the auditing QA Officer will prepare check­
lists to ensure completeness of the review and to document the
results of the audit. Items to be examined may include, as ap­
propriate, the availability and implementation of approved work
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procedures; calibration and operation of equipment; packaging,
storage, and shipping of samples obtained; and documentation
procedures.

The records of field operations will be reviewed to verify that
field-related activities were performed in accordance with ap­
propriate project procedures. Items reviewed will include, but
not be limited to, the calibration records of field equipment,
dai ly field activity logs, chain-of-custody documentation, and
field logs. Audits offield activities will occur at least once
during the activities.

During an audit and upon its completion, the auditors will dis­
cuss the findings with the individuals audited and cite any cor­
reactive actions to be initiated.

Minor administrative findings that can be resolved to the
satisfaction of the auditors during an audit are not required
to be cited as items requiring corrective action. Findings that
are not resolved during the course of the audit and findings
affecting the overall quality of the project, regardless of
when they are resolved, will be noted on the audit checklist
and the results provided to the Project Manager, who will
ensure that the corrective actions have been implemented.

1.11.4 Laboratory System Audits

WESTON participates in several external system audits sponsored
-by state regulatory agencies and the U.S. EPA. These system aud­
its involve on-site evaluation of the WESTON laboratory systems.
The type of audit, auditing agency, and frequency of these
audits for the WESTON Analytical Laboratory are summarized in
Table 1-7.

The WESTON laboratory QA Coordinator audits systems at least
once annually. The internal audit consists of a review of sys­
tems, procedures, and documentation. Any deficiencies/devia­
tions are documented, and a summary report is prepared.

1.11.5 Laboratory Performance Audits

WESTON participates in several external performance audits
sponsored by those agencies listed in Table 1-7. These perform­
ance audits are in the form of blind performance samples sub­
mitted by the auditing agency.

The laboratory QA Coordinator has overall responsibility for
monitoring the internal QA/QC program. The QA Coordinator has a
staff to provide in-house audits and to review and validate an­
alytical data packages. The QA Coordinator is also responsible
for scheduling and coordinating external systems audits and for
reviewing data for performance samples received. The QA Coordi­
nator supplies blind performance samples to the laboratory at
least semiannually.
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Table 1-7

Summary of External Performance and Systems Audits,
WESTON Analytical Laboratories

I
I

•
Agency

Illinois EPA

NY Department
of Health

Parameters

WS/WP

WS/WP

Type

Performance

Performance

Frequency

Semiannually*

Semiannually

Purpose

Water/Waste­
water Cert.
Requirement

Water/Waste­
water Cert.
Requirement

I
I
-I

NY State Dapart­
ment of Energy
Conservation

NJ Department
of Environmental
Protection

PA Department
of Environmental
Resources

U.S. EPA

U.S. Army Corps
of Engineers
(DERA)

Inorganic/
Organic HSL

WS/WP

WS/WP

Inorganic/
Organic HSL

Inorganic/
Organic

Performance Semiannually Required for 'ISystem Annually State Analyti-
cal Contract

Performance Annually Water/Waste- '.System Every 2 Yrs. water Cert.
Requirement

IPerformance Annually Water/Waste-
System Every 2 Yrs.* Water Cert.

IRequirement

Performance Quarterly Superfund Re-
System Every 2 Yrs.* lated Analyti- Ical Work

Performance As contract Water/Waste-

ISystem requires water Super-
fund Analyti-
cal Work

1-50

WS = Waste supply (drinking water)
WP = Water pOllution (wastewater)

*Last on-site by U.S. EPA was performed in May 1987, last PA DER on-site was per­
formed in May 1987, and last IEPA on~site was performed in ,June 1987.

U.S. Navy Inorganic/
Organic

Performance As required by
U.S. Navy

Laboratory
Qualification
and Approval
for Analytical
Work

I
I
I
I
I
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1.12 PREVENTIVE MAINTENANCE OF EQUIPMENT

1.12.1 Fi Id Equipment

As discussed in Subsection 1.7, the field equipment will have
been properly calibrated, charged, and in good general working
condition prior to the beginning of each working day. WESTON's
central equipment stores performs maintenance and calibration
of equipment prior to field use.

All field instruments will be properly protected against in­
clement weather conditions during the field investigation. Each
instrument is specially designed to maintain its operating in­
tegrity during variable temperature ranges that are represen­
tative of ranges that will be encountered during cold-weather
working conditions. At the end of each working day, all field
equipment will be taken out of the field and placed in a cool
dry room for overnight storage.

All subcontractor equipment (e. g., dri 11 rigs, water trucks,
etc.) will arrive at the site each day in proper working condi­
tion. All lubrication, hydraulic, and motor oils will be
checked by the subcontractors prior to the start of each work
day to ensure that all.fluid reservoirs are full and that there
are no leaks ..

Prior to the start of each work day, the WESTON Field Supervi­
sor also will inspect all equipment for fluid leaks. If a leak
is detected, the equipment will be removed from service for re­
pair or replacement.

1.12.2 Laboratory Equipment

The ability to generate valid analytical data requires that all
analytical instrumentation be properly maintained. The WESTON
Analytical Laboratory maintains full service contracts on all
major instruments. These service contracts not only provide
routine preventive maintenance, but also emergency repair serv­
ice. The elements of the maintenance program are discussed in
the following subsections.

1.12.2.1 Instrument Maintenance Logbooks

Each analytical instrument is assigned an·instrument logbook,
in which all maintenance activities are recorded. The informa­
tion entered in the instrument log includes:

• Date of service.
• Person performing service.
• Type of service performed and reason for service.
• Replacement parts installed (if appropriate).
• Miscellaneous information.
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1.12.2.3 Spare Parts
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maintains an inventory of routinely re­
(including, for example, sources, vacuum
for GC/MS torches, and burner heads for

WESTON's laboratory
quired spare parts
pumps and f i I ament s
AA/ICP) .

1.13.1.3 Completeness

The Site Manager is responsible for ensuring that all equipment
is functioning and calibrated properly so that all field meas-

1.13.1 Field Data

To ensure accuracy of measurement of field parameters, the field
instruments will be calibrated daily to standards of known con­
centrations, if possible, as discussed in Subsection 1.7.

The instrument operators along with the appropriate Section Man­
ager have the respons ibi I i ty to ensure that an acceptable in­
ventory of spare parts is maintained.

1.13 DATA ASSESSMENT PROCEDURES

1.13.1.2 Accuracy

All liquid samples will be tested for temperature, pH, and spe­
cific conductance. Also, geophysical field methods are planned
for certain sites. Field parameter and magnetometry measure­
ments will be taken using precision procedures outlined in Sec­
tion 2. These procedures are developed specifically for each
individual measurement.

1.13.1.1. Precision

WESTON service agreements provide'for preventative maintenance,
emergency service, and emergency shipping of spare parts. For
emergency response, service contracts on the gas chromatographs,
GC/MS instruments, and AA/ICP require on-site response wi thin
48 to 72 hours. (Typically, service representatives are on site
within 24 hours of a service call.) The service contracts also
provide for 24-hour delivery of critical spare parts in re­
sponse to a service request.

Preventive maintenance and calibration by manufacturers' serv­
ice representatives are provided on a routine basis. The main­
tenance procedures and frequencies for major analytical instru­
ments are given in Table 1-8.

If service is performed by the manufacturer, a copy of the serv­
ice record is taped into the page facing the notebook page where
the above information is entered.

1.12.2.2 Instrument Cal ibration and Maintenance
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, Tab Ie 1-8

Instrument Maintenance Schedule
WESTON Analytical Laboratories

Preventative
Instrument Maintenance

Gas Chromatograph/Mass Spectrometers Semiannually

Gas Chromatographs Semiannually

GC Detectors (FID, EC, PID, As needed
Hall, NPD, FPD)

High Performance Liquid Chromatographs As needed

Atomic Absorption Spectrometers
(Flame and Furnace) Semiannually

Inductively Coupled Plasma
Spectrometers Semiannually

Analytical Balances Annually

Ion Chromatographs Annually

Spectrophotometers As needed

Cold Vapor Mercury Analyzers As needed

Technicon Autoanalyzers As needed

Conductivity Meters As needed

Ovens As needed

pH/Specific Ion Meters As needed
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urements made meet the requirements for accuracy and precision.
Together, the Site Manager and Project Manager will review
field data as they are compiled to ensure completeness.

1.13.2 Laboratory Data

The QA objectives for precision, accuracy, and completeness are
given in Subsection 1.4. This subsection discusses the routine
procedures used for assessment of those criteria.

1.13.2.1 Precision

The precision of analyses of replicate samples is calculated as
given in Subsection 1.4.2. The precision requirements for organ­
ic analyses are given in Table 1-9. All analytical data are re­
viewed relative to those criteria.

For metal and inorganic analyses, the QA objective for preci­
sion is ±20 percent relative percent difference (RPD) between
replicate analyses.

1.13.2.2 Accuracy

The calculation of analytical accuracy for organic compounds is
as given in Subsection 1.4.1, and the criteria for assessing
accuracy for surrogate recovery are those given in Table 1-10.

For metals, analytical accuracy is measured from analysis of a
laboratory control standard and a sample fortified with the
element of interest. The QA objectives for accuracy in metals
analysis for these QC samples are:

Sample Recovery (%)

Laboratory Control Standard 80 - 120

Fortified Sample 75 - 125

1.13.2.3 Completeness

Completeness has been defined in Subsection 1.4.3 as a measure
of the amount of analytical data of acceptable qual i ty (i. e. ,
data meeting all accuracy and precision criteria) generated by
an analytical method or system. The minimum goal for complete­
ness is 85 percent, and the ability to exceed this goal is to­
tally dependent on the applicability of the analytical methods
to the sample matrices analyzed (especially for organic analy­
ses) .

1.14 CORRECTIVE ACTION

1.14.1 Field Corrective Action

The initial responsibility for monitoring the quality of field
measurements and observations lies with the field personnel.
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Tab I 1-9-

The list provided includes those compounds most commonly
used for QA/QC precision control in the groups of analytes
shown based on current U.S. EPA Contract Laboratory Program
requirements.

50

22
24
21
21
21

23
19
47
47
36

47
35
50

50
31
43
38
45
50

38
27

33
50

14
14
13
13
11

15
20
22
18
21
27

30

50
42
40

42
50

38
28

28
31
38
40
31

26-103
11-114

17-109
26- 90
25-102

41-126
28-104

46-127
35-130
34-132
31-134
42-139
23-134

38-107
31-137
28- 89
29-135
35-142

59-172
62-137
60-133
59-139
66-142

Not Established

23- 97
10- 80

9-103
12- 89
27-123

56-123
40-131
40-120
52-126
56-121
38-127

Recovery Limits (%) RPD Limits (%)
Water Soil/Sed Water Soil/Sed

41-116.
36- 97

39- 98
46-118
24- 96
11-117
26-127

61-145
71-120
75-130
76-125
76-127

QA Objectives for Precision of
Laboratory Organic Analyses,

IRP Phase III, NWS Earle, New Jersey

Lindane
Heptachlor
Aldrin
Dieldrin
Endrin
4,4'-DDT

Matrix Spike
Compound*

Arochlor 1254

Pentachlorophenol
Phenol
2-Chlorophenol
4-Chloro-3-methyl-

phenol
4-Nitrophenol

1,I-Dichloroethene
Trichloroethene
Chlorobenzene
Toluene
Benzene

1,2,4-Trichloro-
benzene

Acenaphthene
2,4-Dinitrotoluene
Di-n-butyl phthalate
Pyrene
N-Nitroso-di-n-

propylamine
1,4-Dichlorobenzene
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*

Acid

Acid
Acid
Acid
Acid

PCB

Pest.
Pest.
Pest.
Pest.
Pest.
Pest.

BNA

BNA
BNA
BNA
BNA
BNA

BNA

vec
vec
vec
vec
vec

Fraction
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vee Toluene-d8 88-100 81-117

vee 4-Bromo-fluorobenzene 86-11S 74-121

vee 1,2-Dichloroethane-d4 76-114 70-121

BNA ,Nitrobenzene-ds 3S-114 23-120

BNA 2-Fluorobiphenyl 43-116 30-11S

BNA p-Terphenyl-d14 33-114 18-137

BNA Phenol-dS 10- 94 24-113

BNA 2-Fluorophenol 21-100 2S-121

BNA 2,4,6-Tribromophenol 10-123 19-122

Pest. Dibutylchlorendate 24-lS4* 20-150*

*These recoveries are advisory only.

-Table 1-10

QA Objectives for Accuracy (%) of
Laboratory Organic Analyses,

IRP Phase III, NWS Earle, New Jersey
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Low/Medium
Water Soil/Sediment

1-56

Surrogate Compound

6S72B63

Fraction



•I,
I
I

•
•
I
I
I.
I

•
I
I
i
I'
I
I
I
I'

The Site Manager is responsible for verifying that all quality
control procedures are followed. This requires that the Site
Manager assess the correctness of field methods and the ability
to meet quality assurance objectives. If a problem that might
jeopardize the integrity of ,the project or cause some specific
quality assurance objective not to be met occurs, the Site
Manager will notify the Project Manager and the appropriate
technical QA Officer. An appropriate corrective action will
then be decided upon and implemented. The Site Manager will
document the problem; the corrective action, and the results.
Copies of the documentation form will be provided to the Proj­
ect Manager, the appropriate technical QA Officer, and the
Project Director .

1.14.2 Laboratory Corrective Action

The initial responsibility to monitor the quality of an analyt­
tical system lies with the analyst. In this pursuit, the ana­
lyst will verify that all quality control procedures are fol­
lowed, and results of analysis of qual i ty control samples are
within acceptance criteria. This, requires that the analyst as­
sess the correctness of all of the following items, as appropri­
ate:

• Sample preparation procedure.
• Initial calibration.
• Calibration verification.
• Method blank result.
• Laboratory control standard.

If the assessment reveals that any of the QC acceptance crite­
ria are not met, he must immediately assess the analytical sys­
tem to correct the problem. He notifies the Section Manager and
QA Coordinator of the problem and, if possible, identifies po­
tential causes .and corrective action.

The nature of the corrective action obviously depends on the
nature of the problem. For example, if a continuing calibration
verification is determined to be out of control, the corrective
action may require recalibration of the analytical system and
reanalysis of all samples since the last acceptable continuing
calibration standard.

When the appropriate corrective action measures have been de­
fined and the analytical system is determined to be "in con­
trol," the analyst documents the problem, the corrective ac­
tion, and the data demonstrating that the analytical system is
in control. Copies of the documentation are provided to the
Section Manager and QA Coordinator. The critical path for as­
sessing the correctness and acceptability of analytical data is
shown in Figure 1-9.
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Out of Control System

l
Alert Laboratory Section Manager and QA Coordinator

!
Review Procedures and Assess Problem

!
Define Corrective Action Alternatives

l
Take Corrective Action

System in Control
No Redefine Corrective

Action Alternatives

Yes

Yes
Sample Reanalysis Required Reanalyze Sample

Release Data for Report Document Corrective Action
and Result

Report Data

FIGURE 1-9 CRITICAL PATH FOR CORRECTIVE ACTION, WESTON
ANALYTICAL LABORATORIES
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1.15 QUALITY ASSURANCE REPORTS

1.15.1 Field QA Reports

The Site Manager will provide the appropriate technical QA
Officer with daily field progress reports and compiled field
data sets at weekly or monthly intervals, as appropriate. In
addition, the appropriate technical QA Officer will be copied
for all corrective action documentat jon. The appropriate techni­
cal QA Officers will perform unannounced field QA audits. On
the basis of this information, each of the technical QA Offi­
cerswill provide quarterly QA update memos for this project to
the Project Manager. The Project Manager will be notified imme­
diately of field QA situations requiring corrective action.

1.15.2 Laboratory QA Reports

The laboratory QA Coordinator provides. monthly, quarterly, and
annual reports to the WESTON Corporate QA Coordinator. These
reports summarize QA activities for the reporting period includ­
ing results of performance audits (external and internal), re­
suIts of system audits (external and internal), summar ies of
corrective action to remedy out-of-control situations, and rec­
ommendations for revisions of laboratory procedures to improve
the analytical systems. In addition, the Laboratory Manager for
this project will provide QA update memos for each sampling
episode to the Project Manager upon evaluation of the analyti­
cal work for that episode. The Project Manager will be notified
immediately of laboratory QA situations requiring immediate
corrective action.
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SECTION 2 '

METHODS PROTOCOLS

'1'his section describes specific field and laboratory protocols
to be applied to the IRP Phase III investigation'at NWS Earle.

2.1 MAGNETOMETER SURVEY

Magnetometer surveys are planned for four, sites where monitor
well drilling or soil borings are to be performed.

This subsection describes the objectives to be met and general
methodologies to be followed in performing magnetometer surveys
at these sites.

The magnetometer surveys will be used to direct test boring and
monitor well investigations and to focus on areas of'potential
buried drums, if any, in the landfills. Some overlap with the
earlier surveys is planned for verification purposes. At the
landfill sites, these methods are expected to encounter consid­
erable interference from buried metal and other objects in the
refuse mass.

The magnetic surveys will be performed using a Scintrex cesium
fluxgate magnetics or equivalent instrument. Magnetometers re­
spond primarily to ferromagnetic minerals and ferrous metals;
thus, debris consisting of nonferrous materials will not be
identified. Measurements will be taken on a 5- by 5-foot grid
over a limited area to increase the probability of locating
individual buried metallic objects. These surveys will be us d
to avoid encountering buried metallic objects during drilling.

To detect a single buried 55-gallon drum, the burial depth must
be shallower than approximately 10 to 11 feet and the offset
distance of the magnetometer from the drum must be approximate­
ly 5 feet or less. Maximum detection'distances will be less if
the drums are highly corroded.

Depending on the quality of the data from initial surveys, a
smaller grid size may be used if appropriate. All profiles will
be oriented approximately from south to north.

The following QA/QC procedures will be followed during the mag­
netic surveys:

• A swing sensor test will be conducted daily prior to
survey activities.

• Sequential readings will be taken ,at least three times
each day to detect possible magnetic storms.
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A daily background reading will be obtained in the im­
mediate vicinity of the site.

• Base station readings will be taken approximately
every hour to measure the diurnal variation of the
earth I s magnetic field. These readings will be taken
on or near the landfill where background magnetic
readings are expected. Diurnal corrections will be ap­
plied if the variation is found to be significant in
relation to magnetic anomalies present at the landfill.

• The first and last station readings along. each tra­
verse will be recorded in the field notebook 'and com­
pared dai ly with data downloaded from the automatic
recording device.

All magnetic measurements will be referenced to the base map
coordinate system. Initially, these measurements will be plot­
ted and contoured. The resulting maps will be interpreted by an
experienced geophysicist with regard to the. location of poten­
tial buried magnetic sources.

Corrections for diurnal variations of the earth's magnetic
field will be applied to the data only if they are significant
with regard to magnetic anomalies identified. Computer-generat­
ed contour maps of magnetic data will be produced for data
analysis purposes and for inclusion in the interim technical
report.

2.2 TANK INSPECTION

An abandoned underground tank at Site 7 will be inspected. At
present, the tank is reportedly empty and is known to be con­
structed of metal with an approximate 200-gallon capacity. The
structural integrity of the tank will be visually examined from
the surface; specifically, the tank walls will be inspected for
cracks and seals will be inspected at joints.

2.3 TEST BORINGS AND EXPLORATORY DRILLING

A combination of two different drilling methods, hollow-stem
augering and mud rotary drilling, will be used to install wells
at NWS Earle. Hollow-stem auger techniques will be used for
test borings and monitor well installation· that will require
soil samples. Descriptive drilling logs will be completed for
each test boring and monitor well. All well/borehole cuttings
will be removed by the Navy where specified by the Station
Point of Contact (POC) , and the general area of the borehole
will be cleaned following completion of the well/borehole.

Drill cuttings suspected to be contaminated will be container­
ized in new, unused 55-gallon drums provided by WESTON. An HNu
photoionization meter will be used to monitor the breathing
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zon during drilling operations and also to screen soil samples
for total volatile organics (TVO) (see Subsection 1.8.1). Soils
will be suspected. of .contamination if abnormal discoloration or
odor is present or if TVO levels greater than 5 ppm above back­
ground are ·encountered. Drums will be sealed and marked with
the well/boring number and the depths from which the suspected
contaminated soil cuttings were collected. The drums will be
transported to an on-base location designated by the POC. The
station will be responsible for ultimate disposal of contami­
nated soils. All drilling equipment will be decontaminated as
described in Subsection 2.6.4.

2.3.1 Test Borings

Test borings will be installed using hollow-stem auger drilling
techniques and .split-spoon sampling following ASTM method
D1586-84 (see Appendix F). With split-spoon sampling, two
length-wise halves of a hollow 2-inch diameter, 24-inch long
steel tube are fitted together and fastened to the drill rods,
driven by repeated hammer blows at appropriate 2-foot inter­
vals, and recovered containing a soil core. Split-spoon samples
will be taken at 2. 5-foot intervals from ground surface to 15
feet in depth and at 5-foot intervals thereafter.

All split-spoons used will be the California modified type
(i.e., capable of accommodating' 2-inch OD brass tubing). All
brass tubing will be decontaminated before use, as described in
Subsection 2.6.4. Four sections of brass tubing (6 inches long)
will be fitted inside each split-spoon, flush with the inside
walls of the spoon. After being driven 2 feet, the split-spoon
will be retrieved and opened.

The sections of tubing will be separated using a clean knife
and, as appropriate, up to three of the sections will be sealed
for laboratory analysis or geotechnical testing, as described
in Subsection 2.6.3. The soil sample will be extruded from
the remaining sections onto a clean surface and described for
lithology following the Unified Soil Classification System (see
Appendix C).

Samples will be selected for analysis on the basis of OVA or
NHu readings. Intervals that have elevated readings will be
sampled. In the absence of elevated HNu or OVA readings, sam­
ples will be selected from visually stained or discolored in­
tervals. If neither chemical screening nor visual screening
can identify the interval to be sampled, samples will be se­
lected from the midsection of the interval.

Test borings will be drilled to the required depth and tempo­
rary piezometers (to be constructed from 1-inch ID Schedule 40
PVC pipe and hacksaw-slotted screen) will be installed. A
sandpack will be placed surrounding the PVC pipe for a minimum
height of 2 feet above the screen. This sand pack will be
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covered with a 2-foot layer of bentonite pellets. The balance
of the borehole will be grouted with a cement-bentonite slurry,
per State monitor well construction specifications. The tempo­
rary piezometers will be capped with a friction-mount cap se­
cured with a stainless steel screw. A vent hole, 1 foot above
ground surface, will be drilled into the I-inch PVC. All soil
borings not completed as temporary piezometers will be tremie
grouted to the surface· with a slurry of cement-bentonite or
sand and bentonite. All soil borings will be permanently marked
with a steel plate cOhtaining the soil boring number secured to
a concrete plug that will cap the boring.

2.3.2 Monitor Wei Is

Well borings will be advanced, where possible, using 8-inch ID
hollow-stem augers without the use of drilling fluids. Case and
wash techniques, using 8-inch ID hardened-steel casing and tri­
cone roller bits, will be used in ar,eas of high water table,
running sands, or difficult drilling. Split-spoon samples will
be collected at 5-foot intervals for descriptive purposes.
Lithology will be described following the Unified Soil Classi­
fication System (see Appendix C). Drinking-quality water from
the station water supply will be used in all casing and washing
operations.

Water discharged from a well that is suspected to be contami­
nated at hazardous-levels will be containerized and taken to
the station staging area for disposal. The subcontractor will
be responsible for containerizing and transporting this water
and for decontaminating the tanks or drums afterwards. The Navy
is responsible for the disposal of all waste materials.

2.4 MONITOR WELL INSTALLATION AND TESTING

Monitor wells will be installed similarly for shallow and deep
wells .. Well logs and well construction summaries will be com­
pleted for each well installed (see Figures 2-1 and 2-2). The
monitor wells will be constructed in accordance with NJDEP
guidance on monitor well installation as shown in Table 2-1.

2.4.1 Shal low Monitor Wei Is

Shallow monitor wells will be installed using truck- or all­
terrain vehicle-mounted auger rigs. These wells will be
screened such that the screened interval begins 3 feet above
the water table and extends the full saturated thickness, or
across 20 feet of the uppermost saturated zone, whichever' is
less.

After completion of each boring, the monitor well will be con­
structed using nominal 4-inch ID Schedule 40 PVC pipe with
flush-fitting threaded joints and Schedule 40 PVC No. 10 slot
(o.OIO-inch) machine-slotted well screen with a threaded bottom
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FIGURE 2-1 DRILLING LOG
2-5

DRILLING LOG

WEU NUMBER: _
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~ Well _

Well Construction Summary

Drilling Summary: Construction Time Log:

Total Depth Start Finish
Task

Borehole Diameter Date Time Date Time
Drilling:

Driller -- -- --
-- -- --
-- -- --

Rig Geophys. Logging: -- -- --
Bit(s) Casing:

-- -- --
Drilling Fluid -- -- --

-- -- --
Surface Casino Filter Placement: -- -- --
Well Design: Cementing: -- -- --

Development: -- -- --
Basis: GeOlogic Log __ Geophysical log__ Other:
Casing String(sj: C =Casing S=Screen -- -- --

- - ----- ---- -- -- -- --- --- ---- ---- -- -- --- --- ---- -- -- -- -- --- --- -- -----
- --- ---- -- -- Well Development:- --- -- --- --- ---- --- --- -- --

Casing: C1

C2

Screen: S1

Comments:
S2

Centralizers

Filter Material

Cement

Other

FIGURE 2-2 WELL CONSTRUCTION SUMMARY

L.ocatbn or Coords: ~ _ EJevatbn: Ground Level _

Top of Casing _
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Tab I 2-1

NJDEP Monitor Well Constructin and Gr uting
Specifications for Unconsolidated Formations*

1. The monitor well must be installed by a New Jersey-licensed
well driller.

2. Monitor well design must conform with NJAC 7:97-7, 8, and 9.

3. The borehole diameter must be a minimum of 4 inches greater
than the casing diameter.

4. Acceptable grouting materials are:

Neat Cement - 6 gallons of water per 94-pound bag of cement.

Bentonite - 1 gallon of water per 1.5 pounds of bentonite.

Cement-Bentonite - 8 gallons of water to 5 pounds of ben­
tonite dry mixed per 94-pound bag of cement.

Cement-Bentonite - 10 gallons of water per 8 pounds of ben­
tonite water-mixed with a 94-pound bag of cement.

Nonexpandable cement - 75 gallons of water per half teaspoon
of aluminum hydroxide mixed with 4 pounds of bentonite and
94 pounds of cement.

Nonexpandable cement - 7 gallons of water per half teaspoon
of aluminum hydroxide mixed with 94 pounds of cement (Type
I or Type I I ) .

5. Potable water must be used for mixing grouting materials
and drilling fluids.

6. Only threaded joints are acceptable as couplings.

7. The driller must maintain an accurate written log of all
materials 'encountered, and record, construction details for
each well and the depth of water-bearing zones. This infor­
mation must be submitted to the Bureau of Water Allocation
as required by NJSA 58:4A.

8. A length of protective steel casing with a locking cap must
be securely set in cement around the well casing. Flush
mount monitor wells are acceptable provided they have man­
holes, locking caps, and seals to pr·event leakage of sur­
face water into the well.

9.' The top of each well casing (excluding cap) must be surveyed
to the nearest 0.01 foot by a New Jersey-licensed surveyor.
The survey point must be marked on each well.

*From specification for monitor wells NJDEP.
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cap. Natural gravel and sand will be used for a sand pack at
the discretion of the WESTON supervisor but, in no case, will
extend more than 5 feet above the top of the screen. The re­
maining annular space will then be backfilled with Ottawa sand
or equivalent to a point approximately 3 to 5 feet above the
top of the well screen. A seal consisting of either bentonite
pellets or a thick bentonite slurry will then be poured or
tremied into place above the sand pack to within 3 feet of
ground surface followed by a concrete plug of Type I portland
cement. The bentonite seal will be a minimum of 3 feet thick.

A protective casing of 6-inch black steel with a locking cap
will be placed over the PVC and set in the concrete plug except
where the well is required to be finished with a valve box
mounted flush with ground surface. All locks used will be keyed
alike. A small diameter drillhole (0.25- to 0.375-inch) w,ill be
made near the bottom of each protective casing above the con­
crete plug to allow for drainage in the event that artesian
conditions are encountered. Figure 2-3 shows the typical con­
struction of the monitor wells. The locking cap will have a
steel plate attached.

The steel plate will contain the identification number of the
boring in raised letters. The borings and temporary piezometers
will be surveyed and tied horizontally to the existing coordi­
nate system and vertically to a U.S. Coast and Geodetic Survey
(USCGS) or United States Geological Survey (USGS) benchmark.

2.4.2 Final Development and Hydraul ic Testing

Initial well development will be performed while the rig is
still at the well location. This initial development will be
accomplished by pumping the native groundwater from the well
until it is free of settleable solids or by blowing with oil­
free air from a compressor. The methodology used will be se­
lected on the basis of the aquifer characteristics. The flush­
ing method will be used in low-permeability material. The re­
mainder of the wells will be developed by pumping or blowing
methods. All nonnative water introduced during development will
be drinking-quality water taken from the station supply.

Final development will be performed using a centrifugal pump or
submersible pump capable of fitting into the 4-inch well. All
pumps will be provided, installed, and removed by the subcon­
tractor. All pumps will have a minimum rating of 20 gpm and
will be equipped with clean wiring and PVC or polyethylene tub­
ing.

All pumps, including tubing, will be decontaminated between
wells. During final development, all wells will be pumped con­
tinuously for a minimum of 1 hour, unless they pump dry, in
which case they will be pumped intermittently for at least 1
hour. If the well is developed by pumping, the pump will

2-8.
8774B

•
•
I

•
I

•
I
I
I

•
·1
I
I

•
I
I
I
I
.'



FIGURE 2-3 TYPICAL WELL CONSTRUCTION

2-9

Filter Sand " rt~:TI :

8" Diameter Borehole

6" Diameter Protective
Steel Casing

•.,.",._-, Bentonite Clay

~wellcap

~l't--c:;;,;;...-- PVC Cap

Water Table

Bentonite Cement Grout -_. , II

(see Table 2-1)

4" Diameter
Schedule 40 PVC Casing

Schedule 40 4" Diameter
PVC Well Screen .010 Slot
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initially be set at the bottom of the well and later moved
toward the top of the screen or borehole to ensure that water
is drawn through all portions of the screen or borehole.

Groundwater pH, temperature, and specific conductance will be
measured at regular 5-minute intervals during development. Well
development will continue until these readings have not changed
over successive 5-minute intervals or for a maximum of 1 hour.

2.5 WATER LEVEL DATA" COLLECTION

The tops of the inside well casings of all monitor wells will
be surveyed for elevation to the nearest 0.01 foot. The wells
will be horizontally located to an accuracy of 1 foot, tied to
the base coordinate system, and located on the topographic site
maps to be prepared or provided for this project.

Groundwater level measurements will be taken in all wells prior
to sampling using an electric water level probe. Measurements
will be taken from a surveyed reference point marked on the top
of the PVC or steel risers. These data will determine the
amount of water to be evacuated from each well prior to sam­
pling (see Subsection 2.6.1). Using the water level probe,
water level measurements will be taken three times per well or
until measurements are within :to. 01 foot. Measurements will be
recorded in the field notebook and on field sampling sheets.

Surface water staff gages will be established at 10 to 15 sur­
face water sampling locations. The surface water levels will be
measured with a ruler against the metal staff gage to the near­
est 0.01 foot.

2.6 SAMPLE COLLECTION

2.6.1 Groundwater Samples

As di scussed in Subsect ion 1.8,: groundwater samples wi 11 be
taken from each well for pH, temperature, and specific conduc­
tance. After initially calibrating the instruments according to
the methods in Subsection 1.7, measurements will be taken, and
the data will be recorded in the field log and on the field
sampling sheet. Three sets of measurements will be taken for
each parameter. If the three measurements differ by greater
than 10 percent for specific conductance, 0.5 pH units for pH
measurements, or 1°C for temperature measurements, the instru­
ment will be recalibrated. The instrument probes will be
flushed with distilled/deionized water between sample measure­
ments.

Groundwater sampling will be accomplished only after the wells
have been properly developed and purged. Groundwater sampling
will occur no earlier than 7 calendar days after well devel­
opment has been completed because drilling and well construc­
tion disturb the natural groundwater system and some time is
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necessary to allow the groundwater system to return to chemical
equilibrium before sampling. Surface water and s diment sam­
ples will be collected during the same sampling episodes as the
groundwater samples.

Upgradient wells will be sampled first at each site. Wells
suspected of having low levels of contamination will be sampled
prior to those suspected of having medium or high levels.

Procedures for sampling monitor wells are as follow:

• Water level measurements will be taken to the nearest
0.01 foot with respect to the established survey point
on top of the well casing. All measuring devices used
in the well will be thoroughly rinsed with distilled
water prior to reuse. The depth to the top of the
water will be subtracted from the total casing depth
to determine the height and, subsequently, the volume
of standing water in the casing.

• The surface of the water column will be examined for
the presence of hydrocarbons; if hydrocarbons are
present, the thickness of the hydrocarbons layer will
be measured and sampled using a clear, acrylic gradu­
ated bailer.

• To ensure collection of samples representative of
groundwater quality, a submersible pump or bailer will
be used to remove a quantity of water from the well
equal to three to five times the calculated volume of
water in the well casing (ptirging of the well).

• To collect representative groundwater samples where
floating hydrocarbons are present, a "thief sampler"
or other point sampler will be used to minimize the
influence of free product. Otherwise, samples will be
obtained using a teflon bailer. Samples will be col­
lected for volatile organic compounds (VOCs) analyses
immediately after purging is complete. A separate sam­
ple will be· obtained in the field to determine pH,
specific conductance, and temperature. All samples
from the well will be collected within 3 hours of the
purge.

• Groundwater samples collected for soluble metals will
be field filtered through a 0.'45-micron filter before
being preserved with nitric acid.

• All samples for chemical analyses will be placed in
laboratory-prepared bottles (see Subsection 2.6.5.1).
The bottles will be filled to the top and capped se­
curely. Each sample bottle will be placed in an
insulated cooler chest' immediately after sampling.
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Sample handling and shipping procedures are discussed
in Subsection 1.6.3.

All sampling equipment will be decontaminated after sampling to
prevent cross-contamination between wells, as detailed in Sub­
section 2.6.4. Bailer line will be dedicated to each well and
will consist of high-test monofilament line, polypropylene
rope, or stainless steel wire. Sampling equipment will be pro­
tected from contamination between sampling points by wrapping
in aluminum fbil.

Groundwater samples will be analyzed for selected parameters
outlined in Table 2-2.

Groundwater and seeps, if present may be sampled at several
sites. The samples will be collected by digging out a pit at
the seep location with a stainless steel trowel. Once enough
water has accumulated in the pit, sample bottles will be sub­
merged until full. For preserved bottles, a separate clean
bottle will be used to transfer the sample from the seep to the
preserved bottle.

2.6.2 Surface Water/Sediment Samples

Surface water/sediment samples may be collected by WESTON per­
sonnel from several locations around the station. Surface water
will be analyzed for selected parameters listed in Table 2-2;
soil samples will be analyzed for selected parameters listed in
Table 2-3. At each location, sediment samples will be taken
with a stainless steel trowel.

A sample from each location will -be collected and placed in a
laboratory-prepared sample bottle. Dedicated trowels and spat­
ulas will be used to collect sediment samples from the bottom
of the stream. Every attempt will be made to exclude twigs,
rocks, vegetation, and debris from the samples. Surface water
samples will be collected before the sediment samples at each
location by submerging the sample bottles in the stream. If the
bottle contains a preservative, a separate clean bottle will be
used to transfer the sample from the stream to the preserved
bottle. Samples will be collected so as not to cause cross-con­
tamination; downstream samples will be collected first. Temper­
ature, pH, and specific conductance will be measured at each
sampling point in the same manner as for groundwater samples
(see Subsection 2.6.1). The location of each surface water and
sediment sample collection point will be logged in the field
notebook and marked in the field and on a project map for each
specific site.

2.6.3 Soil Samples

Soil samples from test borings will be collected using hollow­
stem auger techniques and California modified type split-spoons
(see Subsection 2.4.1).
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Table 2-2

• -- III ..-
Summary f Analytical Requir ments for Surfac Wat rand Groundwat r Analyses,

NWS Earle, Colts Neck, NJ

Parameter
No. of
Samples Dup/Rep Trip Blanks Field Blanks Total Analyses

Semi volatile organic compounds 39

o 5

o 3

o 7

o 9

o 3

o 3

o 3

o 3

8 8

. 0 7

Nitrate/nitrite

Picric acid

Total organic halogens

Metals (TAL)

TNT

HMX

RDX

Ni trogl yceri n

Volatile organic compounds

Total organic carbon

Total petroleum hydrocarbons

pH

Specific conductance

PCBs

Nonmetals (TAL)

Pesticides

31

20

52

41

20

20

20

20

47

47

8

65

65

11

15

11

5

3

7

9

3

!

3

3

8

7

8

o
o
5

7

5

8

o
o
o
o
o

o

8

o
o
5

7

5

41

26

66

59

26

26

26

26

71

61

63

10

65

65

21

29

21

Based on the minimum number of trip. duplicate/replicate. and blank samples dictated by the QAPP.
Additional QAlQC samples may be necessary due to sampling logistics. as indicated in the individual
site tables.
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Table 2-4

Summary of Analytical Requirements for Soil and Sediment Analyses,
NWS Earle, Colts Neck, NJ

Number of
Parameter Samples Dup/Rep Trip Blanks Field Blanks Total Analyses

Nitrate/nitrite 13 1 0 1 15

Picric acid 13 1 0 1 15

Metals (TAL) 35 4 0 4 43

Volatile organics compounds 24 2 2 2 30

Semi volatile organics compounds 24 2 2 2 30

Total petroleum hydrocarbons 13 2 0 2 17

HMX 3 0 0 0 3

RDX 3 0 0 0 3

TNT 3 0 0 0 3

Nitroglycerin 3 0 0 0 3 I

Total organic halogens 4 1 0 1 6

Total organic carbon 4 1 0 1 6

Soil moisture 12 0 0 0 12

Grain' size distribution 12 0 0 0 12

Based on the minimum number of trip, duplicate/replicate, and blank samples dictated by the QAPP.
Additional QA/QC samples may be necessary due to sampling logistics, as indicated in the individual
site tables.

• • •
8774B

• II .. • -- •

2-14

• • • • • .. III • • •



I
I
I

••'.
I
I
I
I
I
I
I
I

•
I
I

••

The brass tubing sections retained for laboratory analysis or
testing will be handled as follows: .

• Cover both ends with teflon sheeting.

• Slip an end cap over the sheeting at both ends .

• Seal both end caps and sheeting by covering completely
with PVC electrical tape .

• Affix a label that has been filled out following the
procedure and sample numbering system described in
Subsections 1.6.1.1 and 1.6.2.1.

• Store in a cooler with ice or in a refrigerator before
overnight shipping to laboratory.

Samples from each boring will be retained for chemical anal­
ysis. Chemical characterization will be achieved following the
protocol in Table 2-3. Samples to be collected for chemical
analysis will be selected based on visual observations of
staining, sheens, or other evidence of contamination, and also
HNu photoionization meter readings. All sampling equipment and
augers will be decontaminated between sampling locations, as
outlined in Subsection 2.6.4.

At Site 19, samples from soil borings will be collected from
the interval specified in the Work Plan for geotechnical test­
ing. Samples will be analyzed for grain size and moisture con­
tent. Geotechnical samples will be collected using split-spoon
techniques.

2.6.4 Decontamination Procedures

All material and equipment will arrive on site in a clean con­
dition. Recommended procedures for equipment decont,amination,
as described in· the following subsections, will be followed
where applicable.

2.6.4.1 Drilling, Soil Sampling, and Monitor Well Installati n
Equipment Decontamination

Prior to the start of drilling, all drill rods, augers bits,
tank, and split-spoons will be steam cleaned, scrubbed with
laboratory detergent, and rinsed at an area set up on site for
this purpose. Augers, tools, drill rods, casings, and screens
will be inspected to ensure that residue such as muds and ma­
chine oils have been removed. Similar decontamination proced­
ures will be implemented between each boring to prevent cross­
contamination and to ensure the integrity of soil samples.
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• Rinse off soap in a tub of potable water.
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well develop­
will be decon­
in a washing
clean potable

pump and line.

• Rinse with pesticide-grade methanol.

• Final rinse with pesticide-grade hexane.

• Rinse with ASTM Type II reagent water.

Bailers used for water sampling and other miscellaneous sam­
pling equipment (split-spoons, brass tubing, spatulas, trowels)
will be decontaminated between sampling points. Pumps used for
well purging will be decontaminated by submerging the pump in­
take first in a washing solution (laboratory-grade detergent),
then in clean potable water, and then pumping these solutions
through the pump system until the discharge is free of deter­
gent.

The procedure for decontaminating sampling equipment is as fol­
lows:

• Scrub equipment with a bristle brush in a basin filled
with laboratory-grade detergent and potable water.

• Rinse equipment in a tub of potable water to remove
surface dirt and mud, if necessary.

• ·Place dirty· equipment (e.g., bailers, pumps, buckets,
etc.) on a plastic ground sheet at the head of the
"decon line."

2.6.4.4 Water and Soil Sampl ing Equipment Decontamination

2.6.4.3 Water Level Measurement Equipment Decontamination

Water level indicators used in the wells will be decontaminated
by flushing the electrical probe with an Alconox solution fol­
lowed by an ASTM Type II reagent water rinse. Pressure trans­
ducers will be decontaminated by rinsing in an Alconox solution
fo-Ilowed by an ASTM Type II reagent water prior to and after
each use. If floating product or high levels of organic contam­
ination are evident in a well, the decontamination procedure
for sampling equipment (see Subsection 2.6.4.4) will be used,
except that no solvents will be used to clean pressure trans­
ducers.

2.6.4.2 - W I I D v I pment -Equipment Dec ntaminati n

Submersible pumps or similar equipment used for
ment will be decontaminated between wells. Pumps
taminated by submerging the pump intake first
solution (nonphosphate-type detergent), then in
water, and then pumping the solutions through the
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Holding times for analytes will be those given. in ·40 CFR Part
136, No. 209, 26 October 1984.

• Allow equipment to air dry before use.

• Wrap sampling equipment in aluminum foil following de­
contamination.

be shipped with
These chain-of­
field sampling

All sample containers provided by WESTON will
chain-of-custody records (see Subsection 1.6).
custody records will ·be completed by the
personnel and returned with the samples.

2.6.5.2 Sample Preservation

The preservatives required for all analyses will be provided by
WESTON with the sample containers. The required preservation
methods for target analyses are listed in 40 CFR Part 136, No.
209, 26 October 1984.

2.6.5.3 Holding Times

2.6.5.·1 Sample Containers

All containers provided by WESTON will be obtained from I-Chern,
Hayward, California, the bottle contractor to the y-.S. EPA
Contract Laboratory Program. The containers provided are those
described in 40 CFR Part 136, No. 209, 26 October 1984, page
28. These containers are cleaned by I-Chern in accordance with
U.S. EPA protocols. The containers purchased from I-Chern are I­
Chern Series 200 containers. Each lot of these containers is
analyzed in· accordance with I-Chern quality control requirements
and is not shipped by I-Chern unless the QC requirements are met.

• Sampling equipment used to collect samples for organic
analyses will not be allowed to come in contact with
any type of plastic after decontamination.

2.6.5 Required Containers, Preservation Techniques, Holding
Times, and Sample Volumes

All samples submitted for analysis on this project will be col­
lected by WESTON personnel. Sampl ing containers and preserva­
tives will be provided on request by WESTON Analytical Labora­
tories. The specific requirements for sample . containers,
preservatives, and analytical holding times are discussed in
the following subsections.

Upon sample receipt at the WESTON laboratory, all sample col­
lection dates are noted by the sample custodian. The required
date for completion of analysis (or extraction) is noted on the
chain-of-custody record and is keyed to the holding time. All
analyses with holding times of 48 hours or less are identified
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by the sample custodian, and the appropriate Laboratory Section
Manager and analyst are notified that the samples are in house.

2.6.6 Sampling QA/QC Protocols

Field QA/QC samples will be collected and analyzed as part of
all field sampling activities including soil, groundwater, sur­
face water, and sediment sampling. The number of field QA/QC
samples to be collected are detailed in Subsection 1.10.1
and Tables 2-2 and 2~3. The sample identifier numbers for QA/QC
samples are outlined in Subsection 1.6.2.1. The following pro­
tocols will be followed for collection of QA/QC samples.

Trip blanks will be prepared in the laboratory, shipped to the
site with the sample.bottles, and handled as a sample. One trip
blank will be sent to the laboratory with every cooler of VOCs
samples for both soils and water.

Field blanks will be collected at each site where water samples
are collected for analyses. These samples will be collected by
pouring ASTM Type II reagent water into a sample bottle. These
blanks will be handled as samples and shipped back to the
laboratory with the other samples from that site or zone.

Equipment rinse blanks will be collected every day of ground­
water sampling and analyzed for the same parameters as the
groundwater. These samples will be collected by pouring ASTM
Type II reagent water through the decontaminated sampling de­
vice (e.g., bailer) and into the appropriate sampling contain­
er. Equipment blanks for soluble metals will be run through the
filtering apparatus exactly as the groundwater samples. These
rinse blanks will be analyzed for. the same analytes as the sam­
ples.

Field duplicates will be collected for water samples and all
soil samples requiring analysis for either VOCs or BNAs. The
number of field duplicates will equal 10 percent of the total
number of samples in that matrix. A field duplicate will be
collected as a separate sample immediately after the collection
of the field sample for which it is a duplicate. Collection
procedures for field duplicates are identical to those for the
original samples.

Field splits will be collected for soil/sediments samples only
in those cases where sample volumes are adequate and the sam­
ples do not require analysis for VOCs or BNAs. The number of
field splits will be equal to approximately 10 percent of the
total number of samples. Splits will be collected by placing
the soil in a stainless steel tray and dividing the soil into
two equal parts with a stainless steel trowel. One-half of the
soil is placed in the appropriate jars labeled for the soil
sample, and the other half is placed in the appropriate jars
labeled for the splits sample.

2-18
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Duplicate groundwater samples will be collected from the same
bailerful of groundwater extracted from the same well after
pumping. Duplicate surface water samples will be collected as
separate grab samples from the same location, one immediately
after another. In split-spoon soil sampling, duplicate soil
samples will be collected from the same split-spoon by dividing
apart and sealing two separate, adjacent brass rings full of
soil. Where grab samples of soil or sediment are being collect­
ed (from surface soil locations or sediment sampling locations)
for analysis of VOCS or BNAs, separate samples will be col­
lected from two locations immediately adj acent· to each other
for' field duplicates; these samples may be collected as field
replicates if they will not be analyzed for VOCs or BNAs.

2.7 SITE MANAGEMENT

The basic components of site management in support of the IRP
Phase III planned field activities are described in the follow­
ing subsections.

2.7.1 General Operations and Coordination with U.S. Navy

The Station POC on this project will be Mr. Bill Matthaey of
the Station Public Works Office. All coordination with other
parties on station will be performed by WESTON through the POC
and the Engineer in Charge, Mr. Steve Vukelich. All contacts
from outside parties concerning the. project will be made either
through the POC or the Station Public Affairs Officer, Lieu­
tenant Commander Jeffery Tubello.

The Site Manager will be responsible for day-to-day coordi­
nation of WESTON field teams and subcontractors as well as
day-to-day contact with the POC. The POC wi 11 be respons ible
for arranging for personnel and vehicle passes for WESTON and
subcontractor personnel, locating uti 1i ties, and coordinating
issuance of digging permits for all sites designated for sub­
surface investigations.

For each field activity involving more than one person, a Field
Team Leader will be designated by the Site Manager in agreement
wi th the Proj ect Manager from among the WESTON personnel pre­
sent on s~ation~' The Field Team Leader will be responsible for
coordinating the activities of his/her team, including sub­
contractors, and for notifying the Site ·Manager of progress
and/or logistical problems.

2.7.2 On-Station Project Facilities

A construction trailer will be used as an on-station project
office and indoor storage space and will be on station for the
duration of the field portions of this proj ect. The trailer
will be equipped with telephone and electrical utilities and
may contain a refrigerator, a copy machine, and a personal com­
puter. It will be used as a central meeting point for planning

2-19
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In the event that any unforeseen circumstances arise during the
course of the field activities that would endanger anyone on
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Contingencies2.7.5

During actual field operations, access to working areas will be
limited to WESTON and subcontractor personnel and visitors
authorized by the poe. All visitors will be requested to keep
clear of field activities. If the presence of visitors creates
a situation perceived by the WESTON Field Team Leader as dan­
gerous, all work will be terminated until appropriate working
conditions can be restored. If necessary, the Field Team Leader
will notify the Site Manager, who will notify the poe.

2.7.4 Site Logistics

All water for field operations (except where ASTM Type II re­
agent water is specified) will be obtained from on-station
drinking water sources to be.specified by the poe. In general,
water for I drilling operations will be supplied from the nearest
station fire hydrant.

Decontamination of drilling and sampling equipment will be per­
formed either in source areas at each site or in the central­
izedpaved decontamination area to be designated by the Station
poe, whichever is logistically and technically appropriate. The
centralized decontamination area will be used to collect the
decontamination water, which then will be drumed and temporari­
ly stored for disposal by the Navy. The Station poe will be re­
sponsible for arranging pickup and disposal of any waste that
may accumulate. All decontamination will be performed using
water from a station potable supply, except where ASTM Type II
reagent water is specified (for sampling equipment only).

Electricity will be provided to the field office and field lab
trailers by the station. Electricity for all remote field
operations will be provided from portable generators to be
supplied by WESTON.

field activ.iti s, daily debriefings, and, in case of contin­
gencies or emergencies; it will serve as a field office for the
Site Manager and Data Administrator. In addition, it will
contain dry storage space for staging of field equipment and
sampling containers, as necessary.

2.7.3 Site Access and Security

It is anticipated that all field work will be performed within
the boundaries of NWS Earle. Access to NWS Earle is limited to
Navy military and civilian personnel, dependents, and author­
ized visitors. Travel within station boundaries is restricted
to authorized personnel. In most cases, the individual sites
are not fenced.
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site, the site will be vacated, and both the Project Manager
and the poe will be notified. Due to the nature of the contami­
nants found on site, it is not anticipated that a fire or ex­
plosive conditions will be a problem. In an emergency, all per­
sonnel will be evacuated to the nearest point of safety, and if
possible, will regroup at the field office.

Wherever appropriate, the provisions of the project Health and
Safety Plan (provided under separate cover) will be followed in
an emergency.
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ROY P. WESTON, INC.
LABORATORY QOALITY ASSORANCE PLAN

1.0 Introduction

This document describes the Quality Assurance (QA) proceduresemployed by WESTON Ana1ytics, a Division of Roy F. Weston, Inc.,to ensure that all data generated in the laboratory conform tospecific requirements for accuracy, precision, and comp1eten SSeThese procedures are routinely incorporated into all analysesperformed by the WESTON laboratory for the purpose of producingreliable data.

Customized, client-specific quality control measures can be addedto or can supersede these basic quidelines to satisfy the n edsof individual programs. Laboratory personnel are available todiscuss the desiqn, advantages, and disadvantages of otherquality control options, and to aid the data user in developing aproject specific Quality Assurance project Plan (QAPP). At aminimum, the information provided for these project specificplans will include:

o background and overall project objectives,o intended use of the acquired data,o list of measurement parameters,
o number of samples to be taken,
o kinds of samples to be taken (e.g. soil, surface water,groundwater, biological, sludge, drums, etc.), ando dates anticipated for project start and completion.

•
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2.0 Organization Chart and Individual Responsibilities

2.1 Introduction

The organization ot WESTON Analytics is shown in Fiqures 2-1 and
2-2. The specific duties and responsibilities ot the Laboratory
Manager, Quality Assurance Coordinator, Section Managers, project
Manager, Project Director, and Technical Director are described
in detail in the relevant standard operating procedures (SOPs).
These duties and responsibilities are summarized in the following
sections.

2.2 Project Director and PrQject Manager

WESTON recognizes the importance of efficient project management.
WESTON has established a Project Director (PO), Project Manager
(PM) group which is responsible fQr managing all analytical
projects. The PO is responsible for the overall direction of the
proj ect. The proj ect managers are respQnsible tor maintaining
the laboratory schedule, ensuring that technical requirements
are understQod by the laboratory, and ensuring that pr ject
d liverables are submitted Qn-time and in the required fQrmat.

2.3 Technical DirectQr

The WESTON Analytics DivisiQn Technical Director serves as
technical liaison and assists in resolving any technical issues.
He will coordinate these activities with the Project Manager and
Quality Assurance Coordinator.

2.4 Laboratory Manager

The Laboratory Manager has the responsibility to see that all
tasks performed in the laboratory are conducted according to the
requirements Qt this Quality Assurance Plan (QAP).

2.5 Section Managers

The Section Managers are responsible tor implementation of
established police. and procedures. The responsibilities of the
Section Managers are summarized below:

1. Provide technical direction to analysts in conformance
with project requirements.

2. Monitor laboratory work schedules to ensure compliance
with project comm~tments.

3. Reviewal! analytical data prior tQ reporting to ensure
CQntQrmance with this QAP.

A-7
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4. With the Laboratory Manager and Quality AssuranceCoordinator, identify and resolve technical problemsconsistent with the requirements of this QAP.
5. Ensure that assigned personnel are adequately trainedto perform required analyses.

2.6 Chemists-Technicians

An effective laboratory quality assurance program depends on theperformance of all laboratory staff who perform analyses. Theresponsibility of laboratory chemists and technicians include:
1. Initial review of QC data for acceptability.
2. Recording of data in bound laboratory notebooks(including any observations made during the analyses).
3. Informing direct supervisors of any problems withinstruments or methods to ensure that prompt andeffective corrective action is taken.

2.7 Quality Assurance Coordinator

The Laboratory Quality Assurance Coordinator has oversightresponsibility for implementation of the quality assuranceobjectives. These responsibilities include:

1. Ensure that QA objectives of this QAP are met.
2. Submit performance samples for analysis appropriate tolaboratory analytical requirements at least annually.
3. Provide an internal audit of representative analyticaldata reports.

4. Perform an internal laboratory systems audit at leastonce semi-annually.

5. Provide quality assurance reports to WESTON management.
6. Coordinate on-site QA laboratory audits and ensure thatany questions regarding QA requirements· are resolved.

2.8 Report Manager

The Laboratory Report Manager is responsible for monitoring the·status of all samples in the laboratory and ensuring that dataare reported in a tlmely manner and in the proper format.

A-a
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PIGURE 2-1
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o Performance and System Audits/Corrective Action

o Laboratory Records: measurement data, maintenance
records, equipment manuals
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analytical

control charts,

100'x

samplinq, sample. preservation,Sample Manaqement:
chain-of-custody

Analytical Methodoloqy: documented
procedures, calibration, data handlinq

o

o

o

Quality Control/Quality Assessment:
quality control samples

o Data Review, Validation and Reportinq

where:
AT - Total amount found in fortified sampie

Accuracy - , Rdcovery • AT - AO
AF

3.0 Ouality Assurance Objectives

3.1 Introduction

The obj'ective of this Quality Assurance Plan is to provide a
framework to ensure that all analytical data which are reported
are of known quality. The minimum requirements of an effective
Quality Assurance proqram include:

o QA Reports to Manaqement

o Personnel Traininq

All measurements made in this proqram will be representative of
the matrix and conditions beinq measured. The data will be
calculated and reported in units consistent with standard
reportinq conventions to enable comparabi.lity to existinq data,
standards, and/or regulatory action limits. .

The specific procedures utilized by WESTON for these systems will
be described in subsequent sections of this QAP. All of thes
systems help to establish the QA object:ives, which are measured
in terms of accuracy, precision, and completeness.

3.2 Quality Assurance Objectives for Accuracy

Analytical accuracy is expressed as the percent recovery of an
analyte which has been used to fortify an investiqative sampl or
a standard matrix (e.q., blank soil, analyte-free water, etc.) at
a known concentration prior to analysis, and is expressed by th
tollowinq formula:
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Ao - Amount found in unfortified sampleAF - Amount added to sampl

The fortified concentration will be specified by laboratoryquality control requirements, or may be determined relative tobackground concentrations observed in the unfortified sample. Inthe latter case, the fortified concentration should be noughdifferent (2 to 5 times higher) from the background concentrationto permit a reliable recovery calculation.
The quality assurance objectives for organic and inorganicanalyses are tailored to the analytical technique used, and arediscussed separately in subsequent sections of this QAP.
3.2.1 Meta1s/Inorganics Analysis

For metals analysis, ana1~ical accuracy is obtained from theanalyte recovery measured in a laboratory control standard and/ora sample fortified with the element of interest. The QAobjectives for accuracy in routine metals analysis for these QCsamples are summarized below:

RecQvery values Qutside the QC limits for an LeS (*" with theexceptiQn Qf antimQny and silver) will trigger cQrrective action.Recovery values fQr" fortified field samples are advisory Qnly.
For non~routine metals and inorganic parameters, labQratorycontrol charts have been established and will be used tQ defineQuality Assurance Qbjectives.

3.2.2 Organic Analysis (GC and GC/MS)

For Qrganic analysis, analytical accuracy is Qbtained frQm thesurrQgate recovery measured in each sample and blank and/Qr frQmthe analysis Qf .amples Qr blanks Which have been" fQrtifiedwith a select number of target analytes. "
The Quality Assurance Qbjectives fQr accuracy are summariz d inTable 3-1 for GC/MS surrQgates and in Table 3-2 tor GC/MS targetanalytes from fortified samples. The recQvery values forsurrogates and target analytes in investigative sample analysesare advisory fQr rQutine labQratQry analysis. Only recoveryvalues for standard matrix samples (e.g., blanks) are used fQrtriggering cQrrecti.e action, exceptfQr wQrk performed underu.S. EPA CLP CQntract conditions, at which time CLP requirem ntsare follQwed.
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RecQvery ,%)

80-120*
75-125

Sample·

LabQratory Control Standard (LeS)
FQrtified Field Sample
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3.3 Quality Assurance Objectives for Precision

Analytical precision is calculated by expressinq as a percentaqe
the difference between results of analysis of duplicate samples
relative to the average of those results for a qiven analyte.
Precision can be expressed by the formula:

where:
RPD - Relative Percent Difference
Cl - Concentration of analyte in sample
C2 - Concentration of analyte in replicate

On the occasion when three or more replicate analyses are
performed, precision is calculated by'expressinq as a percentaqe,
the standard deviation of the analytical results of the replicate
determinations relative to the average of those results for a
qiven analyte. This precision measurement, percent relative
d viation (' RSD), will have QA objectives identical to thos for
, RPD, and can be expressed by the form~la:

X lOOt

X loot

,.j$,C2 - C£ C) 2/n Cn-l)
(Cl + C2 + ••• Cn)/n

CCl - C2)
(Cl+ C2)/2

t RPD -

, RSD -.

where:
RSD -percent relative deviation
C - concentration of' analyte in the sample, and

(Cl + C2 + ••• Cn) represents the sum of the
concentration of each replicate

n a number of replicate analyses
~- "the summation of"

The QA objectives for metals (and other inorganic param ters)
analysis are different from those for organic analyses. These QA
objectives are discussed separately in the sections below.

3.3.1 Metals and Miscellaneous Inorganic Analyses

For metals (except antimony and silver) and inorganic analyses
the QA objective for precision is ± 20' relative percent
difference (' RPO) between replicate analyses. 'RPO values
outside the QC limits for duplicate LCS analyses will triqqer
corrective action. t RPD for' duplicate investiqative sample
analyses are advisory only.

3.3.2 Organic AnalxsesCGC. GC/MS)

For organic analyses, precision is measured by comparison of the
recovery of surroqate compounds in the standard matrix ( •q. ,
blank, blank spike) and/or by comparison of the recovery f a
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sel ct numb r of tarqet analyt.s in duplicate fortified samples
or duplicat fortifi d blanks ( •q., matrix spike/matrix spik
duplicate: MS/MSD, and/or blank spike/blank spike duplicate:
BS/BSD) . The QA objectives for precision as expressed by the
, RPD for duplicate. analysis of tarqet analytes are qiven in
Table 3-2. For surrogate compounds, laboratory control charts
have been established and will be used to define QA objectives.
These RPD limits are advisory only for investiqative samples.
Only evaluation of precision for standard matrices will triqqer
corrective action.

3.4 QA Objective for Data Completeness

Completeness is a measure of the relative number of analytical
data points which meet all the acceptance criteria for accuracy,
precision, and any other criteria required by the specific
analytical methods used. The level of completeness can also be
affected by loss or breakaqe of 'samples durinq transport,as well
as external prqblems which prohibit collection of the sampl •

The WESTON QA objective for completeness is to have 80t of the
data usable without qualification. The ability to meet or exceed
this completeness objective is dependent on the nature of samples
submitted for analysis. For example, if the analytical methods
proposed for use (particularly for orqanics analyses) are
intended for analysis of environmental samples of low and ·medium
hazard, the applicability of these methods to non-routine
matrices such as drum samples, wipes, air samples, etc. may
result in poor method performance and therefore adversely impact
achievement of the data completeness qoal.

•

A-14
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* These recoveries are advisory only. No corrective action
(i.e., sample reanalysis) will be taken if these criteria are
not met.

VOA Toluene-d8 88-100 81-117
VOA 4-Bromofluorobenzene 86-115 74-121
VOA l,2-Dichloroethane-d4 76-114 70-121

BNA Nitrobenzene-d5 35-114 23-120
BNA 2-Fluorobiphenyl 43-116 30-115
BNA p-Terphenyl-d14 33-114 18-137
BNA Phenol-d5 10- 94 24-113
BNA 2-Fluorophenol 21-100 25-121
BNA 2,4,6-Tribromophenol 10-123 19-122

PEST Dibuty1chlorendate 24-154* 20-150*

•

A-IS

Percent Recovery

LOW/Medium Low/Medium
Water Soil/Sediment

TABLB 3-1
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Surroqate Compound

QUALITY ASSURANCB OBJECTIVES POR ACCURACY
FOR

ORGANIC SURROGATB ANALYSIS

Fraction
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This list includes those compounds most commonly used tor QA/QCaccuracy and precision control in the groups of analytes shownbased on current ". S. EPA Contract Laboratory Program (CLP)requirements. (USEPA SOW 10/86 as revised through 8/87). Statedcontrol limits will be updated to the current CLP protocol, asrequired.
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22
24
21
21
21

38
27

23
19
47
36

47
35
50

50

33
50

50
31
43
38
45
50

38
28

28
31
38
31

14
14
13
13
11

50
42
40

42
50

15
20
22
18
21
27

30

% RPD LiMits
Water Soil/Sed

38-107
31-137
28- 89
35-142

41-126
28-104

59-172
62-137
60-133
59-139
66-142

17-109
26- 90
25-102

26-103
11-114

46-127
35-130
34-132
31-134
42-139
23-134

39- 98
46-118
24- 96
26-127

Not Established

61-145
71-120
75-130
76-125
76-127

9-103
12- 89
27-123

23- 97
10- 80

41-116
36- 97

56-123
40-131
40-120
56-126
56-121
38-127

, Recovery Limits
Water Soil/Sed

Matrix Spike
Compound

TABLE 3-2

QA OBJECTIVES FOR ACCORACY AND PRECISION
FOR

ORGANIC TARGET COMPOUND ANALYSES

1, 2, 4-Trichloro-
benzene

Acenaphthene
2,4-Dinitrotoluene
Pyrene
N-nitroso-di-N-

propylamine
1,4-Dichlorobenzene

1,1-Dichloroethene
Trichloroethene
Chlorobenzene
Toluene
Benzene

Arochlor 1254

Pentachlorophenol
Phenol
2-Chlorophenol
4-Chloro-3-methyl-

phenol'
4-Nitrophenol

Lindane
Heptachlor
Aldrin
Dieldrin
Endrin
4,4-DDT

VOA
VOA
VOA
VOA
VOA

BN

BN

BN
BN
BN
BN

ACID

ACID
ACID
ACID
ACID

PCB

PEST
PEST
PEST
PEST
PEST
PEST

Fraction
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4.0 Sampling Procedures

4.1 Introduction

While samples submitted to the laboratory for analysis are
qenerally collected by non-laboratory personnel, WESTON fully
recognizes the importance of the sample collection program in the
overall assessment of data quality and usability. Sampling
procedures must ensure the integrity of the samples collected,
provide representative samples of the media being evaluated, and
b~ compatible with planned laboratory analysis.

4.2 Sampling Plan

The objective of samplinq is to obtain information that provides
a qualitative and quantitative measure of site conditions, so
that appropriate action can be taken relative to project goals.
These qoals encompass areas such as:

o preliminary site investigation,
o emerqency cleanup operations,
o remedial response operations,
o backup for litiqation purposes,
o monitoring, and
o research or technology transfer.

It is important, therefore, that the samplinq effort be preceded
by a well-planned, custom-tailored samplinq plan for each
project. This will help ensure that qoals are met, that sampling
is completed in a timely, cost effective manner, safety of
samplinq personnel is maximized, samples are representative of
the site, samplinq errors are reduced, and integrity of the
sample is preserved durinq and after samplinq.

The samplinq plan should address: (1) the definition of
objectives, '(2) selection of representative samplinq sites, (3)
collection of SUfficient volumes of material, (4) selection and
preparation of proper sample containers, (5) preservation of
sample inteqrity, (6) identification of samples, (7) proper
sample holding times, (8) safe handling and transportation
procedures, and (9) standard chain-of-custody procedures.

The following steps are essential in preparation of the sampling
plan: .

1. Research background information on the site and
samples: evaluate the site history, review .any data
available from prior sampling excursions, review
availableageotechnical data, consider the materials to
be sampled (composition, form, expected concentrations,
etc. ), determine what analyses will best address th
issues at the site.

A-17
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2. Determin satety requirements and arrange tor equipmentand proc dural needs tor sat sampling.

3. Consider proper ~ocations tor sampling.

4. Determine the sample volume required for each location,with special considerations given to the type ot samplecontainer and preservative needed tor each analyte.Analytes with the same container/preservativerequirement may be able to be combined into one largercontainer (i.e., 1 L rather than three 250 mL bottles).Allow sufficient volume for tield and laboratory QCsamples.

5. Determine the sampling equipment needed and arrange tohave the necessary facilities and supplies for properdecontamination between samples.

6. Review procedures tor sample collection and plantraining or refresher courses tor samplers.

7. Review procedures tor containing and handling samples.
8. Properly execute chain-of-custody procedures, beginningwith bottle preparation.

9. Identity necessary packaging, label ing, and shippingrequirements, inclUding the tollowing:

a. Identify samples and protect from tampering(secure evidence tape it available).

b. Record all sample intormation in a bound fieldnotebook.

c. Fill out the chain-ot-custody sample analysisrequest torm.

10.· Deliver or ship the samples to the laboratory foranalysis.

11. Consider analyte holding times when determiningshipping trequency. Many laboratory contractualagreements measure holding times trom the date ofreceipt at the laboratory, while regulatory holdingtimes are measured trom the date ot sample collection.
4.2.1 Safety

•
The sampling plan will delineate the safety procedures for samplecollection, such as respiratory protection required Whilesampling concentrated sources, procedures tor entering buildings

A-IS
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or nclos d structures, lenqth ot tim p rsonnel are to remain in
protectiv clothinq while samplinq, and identitication ot the
person handlinq the field samples. Proper procedures must be
used when openinq drums, tanks, or other vessels, and all
personnel' must be notified of potential hazards when closed
containers will be opened.

The 'samplinq plan will also list telephone numbers, addresses,
and directions to the nearest medical facil i ty , , ambulance
service, tire department, police department, and the client
contact. The fire department should be alerted to possible
incidents durinq a very hazardous inspection.

A representative sample is crucial to decision-makinq and to
enforcement proceedinqs and is dependent on proper selection of
samplinq points. Special consideration will be required for
hazardous wastes, which are usually multi-phase mixtures and are
stored in receptacles of different sizes and shapes. No sinqle
series of samplinq points can be specitied tor all types of waste
receptacles. Table 4-1 lists most types ot receptacles used tor
hazardous waste and the correspondinq recommended samplinq
points.

In some cases, it may be appropriate to conduct a preliminary
survey of the facility prior to samplinq. This would consist of
a brief site visit and survey, durinq Which time saf ty
requirements tor the site, would be ascertained and a samplinq
plan established by the inspector.

Volume of Samples

Sampling Points

4.2.3

4.2.2

Sufficient volume of a sample, representative of the main body of
the water or waste, must be collected. This sample must be
adequate in size 'tor all needs, includinq laboratory analysis,
splittinq with other orqanizations involved, etc. In all cases,
the laboratory should be consulted tor quidance prior to
samplinq. As qenera1 quidance, the sample containers provided by
the laboratory should be filled. This will provide adequate
volumes to pertorm analysis once. Choose at least one sample per
twenty (20) tor each matrix and collect triple volumes for all
analytes to allow sufticient sample for laboratory duplicate and
spike analysis.

4.2.4 Sampling Equipment

Receptacles (1. e., drums, tanks, etc. ), should'only be sampled
when necessary to· meet enforcement or cleanup requirements.
Openinq ot drums or other sealed receptacles may be hazardous to
samplinq personnel unless proper safety procedures are followed.
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Samples ot waste materials, water, soil, or s diments will becollected through the use ot peristaltic, m chanical or automaticpumps, soil augers, sediment dredges, hand scoops, and otherequipment (see Table 4-2) as required. All samples should becollected in a manner that assures no contamination betweensamples. When possible, dedicated equipment should be used foreach site to avoid the need for field cleaning ot utensils.
Samples from drums, bags, reservoirs, or other small vessels aregenerally obtained by a dip or insertion tube (coliwasa sampler).After agitation of the vessel or container, it possible, the tubeis inserted diagonally, sealed, and removed. ThUS, the sampleobtained is a cross-sectional representative sample, avoidingbias due to stratification of material in the container.Sometimes it is difficult to obtain a representative sample oflarge containers, such as bulk I iquid storage tanks. In thesecases, often the only sampling location is a bottom valv , andthe sample obtained is from the bottom layer· wi thin the tank.Many times this may be a "worst case" sample, especially forPCB's and other dense substances. Whenever possible, surface,middle, and bottom samples are collected from large bulk liquidstorage tanks in order to avoid possible stratitication bias.Using this tiered sampling technique helps to accuratelycharacterize the overall concentration ot. the parameter ofinterest. A general list ot usage ot sampling equipment is givenin Table 4-3.

. .Sampling personnel frequently are required to split sampl scollected with facility personnel or EPA laboratories. It isessential that a true duplicate split be made, otherwiseanalytical results will not be comparable.

To obtain a true duplicate, a large quantity ot sampled materialwill be collected, thoroughly mixed, and equally proportionedinto similar containers. It preservation is necessary, both arepreserved with an appropriate chemical from a common dispenser atthe same time. Both duplicates are labeled with the same samplelocation description and marked as splits and logged into a fieldnotebook.

4.3 Sample Containers

Upon request from the Client, WESTON will provide, within 7 days,the required number and type of sample containers for a specificsampling episode.

All containers provided by WESTON will be obtained trom I-Chem,Hayward, California, or be of equivalent quality. I-Chem is thebottle contractor ~o the U. S • EPA-Contract Laboratory Program.These containers are cleaned by I-Chem· in accordance with U. S.EPA protocols. The containers. purchased from I-Chem are I-ChemSeries 200 containers. Each lot of these containers is analyzed
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in accordance with I-Ch mquality control requir ments and is not
shipped by I-Chem unless the QC requirements are met.

All sample containers provided by WESTON will be shipped with
chaih-of-custody s~eets (see Section 5). These chain-of-custody
sheets will be completed by the field sampling personn 1 and
returned with the samples.

4.4 Sample Preservation and Holding Times

The preservatives required for all analyses will be provided by
. WESTON with the sample containers. The required preservation
methods will be in accordance with those given in 40 CFR,
Part 136, No. 209, October 26, 1984, for water and in SW-846,
Test Methods for Evaluating Solid Waste, Third Edition, Novemb r
1986, for soils.

The holding times for all required analyses are. measured from
sample collection, and are given in SW-846, Test Methods for
Evaluating Solid Waste, Third Edition, November 1986. (This
reference includes 40 CFR, Part 136, No. 209, October 1984
holding times for routine water samples, as well as holding times
for waste samples.)

Some programs, e. g. the U. S • EPA contract Laboratory Program
(CLP) and CLP~type aqency or client programs, measure holdinq
times from veritied time ot sample receipt (VTSR) at the
laboratory. Samples desiqnated as CLP must specify in the
project plan that holdinq times trom sample collection are
superseded by holding times trom·VTSR.

Upon sample receipt at the. WESTON . Laboratory all sample
collection dates are noted by the sample custodian. The required
date tor completion ot analysis (or extraction) is noted on the
chain-ot-custody sheet (see Section 5) and is keyed to the
holding time it it taIls sooner than the required reportinq date
for analyses. .

All analyses which have holding times ot 48 hours or less are
identitied by the sample custodian, and the appropriate section
manager, unit leader and analyst are notitied that samples are in
house.

4.5 Sampling Procedures

Samplinq procedures will vary depending on the medium sampled
(liquid, solid, or gas) and the type of structure the wast is
contained in, as indicated in Table 4-1. Sampling procedures to
be used will be ·standardized as described in the "NPDES
Compliance Sampling Manual, " U.S. EPA, Otfice of Water
Enforcement (October, 1979), "Samplers and Samplinq Procedures
for Hazardous Waste streams," U.S. EPA, Municipal Environmental
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A unique code number is assigned to each sample. All samplebottles will be differentiated by use of a sample label. Allinformation pertinent to the field activities will be recorded inbound field notebooks. The notebooks must contain the followinginformation:

I
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(wheretype

of COllection,
durinq field

preservativeand

name of collector, date and time
physical/environmental conditions
activity,

analysis required
applicable),

o

o

Research Laboratory (January, 1980), and SW-846 Test Methods forEvaluating Solid waste, Third Edition (November 1986). Samplecollection of project sites in the state of New Jersey willconform to the New Jersey Department of Environmental ProtectionField Sampling Procedures Manual; February 1988.

4.6 Sample Handling and Packing

sample handlinq and·packinq procedures are in accordance with theUser's Guide to the U. S • EPA Contract Laboratory Proqram. Thecollected sample and its container represent one of the maj oravenues of personnel and environmental exposure. Precautionswill be taken to ensure that all the samples removed from thesite are within the sample container and that no residue remainson the outside of the container.

o matrix sampled, sample collection method, number andvolume of samples taken,

o sample identification number(s), custody seal numbers,
o any field measurements, and

o documentation of shipping dates and methods.
Samples will be packed and shipped followinq u.s. EPA recommendedprocedures and in accordance with applicable DOT requlations.Chain-of-custody is initiated in the field and will travel withthe samples. CUstody seals will be affixed to the shippingcontai~er. A detailed discussion of chain-of-custody procedur sis found in Section 5.
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Table 4-1

SAMPLING POINTS FOR MOST WASTE RECEPTACLES

* 'n1e rnnnbp.r of grid sectia'1S is determined ,by the desired rnnnber of san'ples
to be collected whidl, ~ CXJli)inecl, shc:W.d give a IepIesentative semple of
the wastes.

Divide the surface area into an iJDaqinal:y
grid. * 5aIlple each grid sectia'\.

5aDplil'q Point

Withdraw scmple thrcu;)h the b.JrxJ openin;J.

5aDple drums a'1ly if they are layirq on
side with b..Irq up. Withdraw semple
thrcu;)h the Wrg openin;J.

With:Jraw scmples thrcu;)h the top of
barrels, f:il:::lerdrum, bJckets, am
similar reoept:acles. Withdraw sauples
thrcu;)h fill c:pB'l1.n:Js of bags am saclcs.
Withdraw &aq)les thrcu;)h the center of the
receptacles and to different points
diagcnallY q::p::ISite the Point of entry.

Withdraw semple thrcu;)h open hatch.
5aDple all. other hatches.

Divide surface area into an imaqinaIy
grid.* Take tnree sanples, if possible;
a18 sample near the surface, a18 sanple
at mid-dept:h or atosnter, am a18
sanple at the bottan. Repeat the
saDPliJq at each grid sectia'\ t:Ner the
entire pcni or site.

Withdraw &aq)les thrcu;)h at least three
different points near the top of pile to
points diagcnally q:p:lSite the point of
entzy.

semple frail the top thrcu;)h the samplin:]
hole.

•

Receptacles

Drum, b.1n; an one en:l

Drum, b.JrxJ On side

storage tank

Pcni, pit, lagoons

Barrel, fil::lerdrum, 1::lucksts,
sackS, bags

Waste pile

Soil

VaClDJDl truck an:l similar
ocntainers
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Ta))l. 4-2

SAMPLING BQUIPMENT

Samplinq plan
Sample containers (plastic and qlass), caps, linersShovels
Soil Samplers (auqer, scoop, steel spoon, etc.)Stainless steel buckets
Remote barrel opener equipment, non-sparkinq bunq wr~nchThermometer
Draqer tubes
Tenax columns and power packs
Ambient air. monitor
Surveyor's ribbon
Glass pipets and qlass tubinq
Wooden paddles (tonque depressors)
Monitorinq well samplinq equipment
Well sounder
Radiation detector (beta, qamma)
Explosimeter
pH paper
pH meter, spare probes
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Tabl. 4-3

SAMPLING EQUIPMENT FOR PARTICULAR WASTB TYPBS

..
sacks' Open Closed storage Ponds, eon-

Type of Drum arx:l Bed Bed Tanks Waste Iagoons ~r Pipe
waste Bags Truck TI'JCk or Bins Piles , Pits Belt

Free
FlClW'irq
Liquids COli- N/A N/A COli- weighted N/A O!R:m' N/A Oi~
arx:l wasa wasa Battle
Slurries

Sl\Q;e 5c:ocp N/A . SCocp SCocp SCXq) N/A N/A N/A

Moist
Powders 5c:ocp 5ocq) SCocp SCocp SOoOp SCocp , SCoop Shovel
or

Gramlles

D%y
~ 'lhi.et '1hiet 'lhiet 'lhiet 'lhiet 'lhiet 'Ihiet Shovel
or
Granules

sam or
Packed
Powders AJq!r ~ Auger Au1er N/A

large
Grained I.arqe Iarqe IaI98 Iarge Iarge large large large
Solids 5c:ocp 5aJq> SCocp SCocp. SOXlp SCocp SCXXp SCocp
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5.0 Chain-of-Custody

5.1 Introduction

The purpose of chain-of-custody procedures is to document thehistory of sample containers and samples (and sample extracts ordigestates) from the time of preparation of sample containers,through sample collection, shipment and analysis. An item isconsidered to be in one's custody if:

1. it is in the physical possession of the responsibleparty,

2. it is in the view of the responsible party,

3. it is secured by the responsible party to preventtampering, or

4. it is secured by the responsible party in a restrictedarea.

As discussed in Section 4, when sample containers are provided byWESTON, chain-of-custody documentation (see Fiqure 5-1) will beshipped with the sample containers. These forms will becompleted by field personnel, with acknowledgment of time anddate of transfer and placed in the shipping container in. theplastic Ziploc container provided.

The following sections describe chain-of-custody procedur sassociated with sample receipt, storage, preparation, andanalysis and general security procedures.

5.2 Sample Receipt

A designated sample custodian is responsible for samples rec ivedat WESTON. This individual is trained in all custody requirementsand in the potential hazards of dealing with hazardous wastematerials. In addition to receiving samples, the samplecustodian is also responsible for documentation of samplereceipt, storage before and after sample analysis, and eventualproper disposal of samples.

1. Upon receipt, the sample custodian will inspect thesample container for integrity. The presence ofleaking or broken containers will be noted on thechain-of-custody form (see Figure ~-l). The samplecustodian will sign (with date and time of receipt) thechain-of-custody form, thus assuming custody of thsamples. •If chain-of-custody forms are not included,the sample custodian will initiate these forms.
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2. Th information on the chain-ot-custody form will be
compared with that n sampl tags and labels to verify
sample identity. Any inconsistencies will be resolved
with the field sampling representative before sample
analysis proceeds.

3. Samples will be moved to one of the locked sample
storage refrigerators (maintained at 40 ± 20 C) for
storage prior to analysis. The storage location will
De recorded on the chain-of-custody form.

4. The sample custodian will maintain the original of the
chain-of-custody form in the sample log-in area and
require all analysts to sign receipt and return of the
sample when it is obtained for analysis. Copies of the
chain-of-custody are provided to the laboratory Report
Manager, to each laboratory Section Manager, to the
respective unit Leaders, and to the Project Manager .

. 5. The sample custodian will alert appropriate section.
managers and analysts of any analyses reqUiring
immediate attention because of short holding times.

6. The sample. custodian will log the sample information
into the .Laboratory Information Management System
(LIMS) • These data inclUde laboratory number, field
sample number, dates collected and received, project or
client identification, and parameters to be analyzed.

5.3 Sample storage

Samples will be maintained in storage in one _of the locked
storage refrigerators prior to ·sample preparation and analysis.
The standard operating procedures for sample storage are
described in detail in WESTON SOPs; a summary of these procedures
follows.

Storage refrigerators are maintained at 4 0 + 20 C. The
temperature is monitored by the laboratory security system and
recorded daily in a bound log by the sample custodian. During
working hours, ·it equipment failure (compressor failure, door
left open, etc.) results in the temperature of the storage
refrigerator exceeding the upper or lower control limits, an
audible alarm will sound and the samples will be moved to
suitably controlled storage until the problem has been corrected.
During oft working hours, the alarm is automatically transferred
to the security agency who alerts (via beeper call) laboratory
and maintenance personnel so that prompt corrective action can be
taken. •

Refrigerator storage is designed to segregate samples to prevent
cross-contamination and to prevent sample mix-up. This includes
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storaqe ot volatiles samples separate from semivolatiles andinorqanics samples. Within the refriqerators, sample. are storedby RFW ba~ch • for easy retrieval. Analysts request samples for.analysis from the sample custodian. Both siqn thechain-of-custody acknowledqinq transfer of custody to theanalyst.

5.4 Sample Tracking

5.4.1 Organic Analysis

Samples are received by the Orqanic Sample Preparation Sectionfor extraction prior to analysis by qas chromatoqraphy, GC/MS, orliquid chromatoqraphy. All pertinent data are recorded in abound laboratory notebook. This information is transferr d tothe' Laboratory Information Manaqement System (LIMS) and ahard-copy Sample Extraction Record is qenerated. A copy of thisform is shown in Fiqure 5-2. The oriqinal is placed on thefacinq paqe of the laboratory notebook where extraction data havebeen entered and is used for _custody transfer documentation tothe analyst. Copies are provided to the analyst to inform themthat extracts are ready for analysis.

Extracts are maintained by the Orqanic Sample Preparation sectionin refriqerated storaqe until transferred to the analysts.
5.4.2 Metals Analysis

samples are received by the Metals Sample Preparation Section fordiqestion prior to analysis for metals by Atomic AbsorptionSpectroscopy or Inductively Coupled Plasma Spectroscopy. Whensamples are prepared for diqestion, the preparation technicianrecords the pertinent information in a laboratory diqestionnotebook. This information is then transferred to LIMS and ahard-copy Sample Diqestion Record is qenerated. A copy of thisform is shown in Fiqure 5-3. The diqestion record is maintained_to acknowledqe custody transfer of diqestates to the metalsanalysis section. ' A copy of the Sample Diqestion Record isprovided to the metals analysis section to alert them thatdiqestates are ready tor analysis.

The oriqinal copy ot the Sample Diqestion Record is retained by~he Metals Sample Preparation Section.

5.4.3 Record Keeping

Data related to all sample preparation and analysis proceduresand observations . by laboratory analysts are recorded in bound

I
,I
I
I
I
I
I
I
I
I
I
I
I
I,

I
I
II
II
I

for sample trackinq are
They are summarized in this

The standard operatinq procedures
described in detail in WESTON SOPs.
section.



I
I·
I
I
I
I
I
'I
I
,I

I
I
I

•
I
I
I
I
I

WESTON Analytics QAP
3 October 1988
paq 28 of 63

laboratory not books which are issued by the Laboratory Quality
Assurance Coordinator. Laboratory notebook paqes are siqned and
dated daily by laboratory analysts. Corrections to notebook
entries are made by drawing a single line through the erroneous
entry and writinq the correct entry next to the one crossed out.
All corrections are initiated and dated by the analyst.

5.4.4 Building Security

The WESTON Laboratory maintains controlled building access at all
times. Durinq workinq hours, all non-WESTON laboratory personnel
are required to sign in with the receptionist and are escort d by
laboratory personnel while in the buildinq. I

The laboratory is locked between the hours of 5: 00 p.m. and
8: 00 a.m. Monday throuqh Friday and during the. weekend. The
building is secured during non-working hours by an AOT Security
System. This security system not only monitors buildinq access
but also monitors the temperature in the sample storage
refrigerators. If the control temperature range is exc ed d
durinq workinq hours, an audible alarm sounds. During
non-workinq hours, a silent alarm alerts AOT. Respons by
laboratory personnel is described below.

The building is _accessed by laboratory employees during
non-workinq hours by using a key and the passcode for the
Building Security System.

Any breach of security during non-workinq hours releases a silent
alarm to the security agency who alert the local law enforcement
agency and one of three laboratory personnel via beeper call.
Police response to security alarms takes place within 5 minutes
and laboratory personnel are on-site within 20 minutes.

•

A-29



WESTON Analytics QAP .1
3 October 1988
paqe 29 or 63

I
I

=::=-,.cl
~CooIIiINr

~-.:
~

v_
tShipped .. _w""'_ ..~.... DoIoerecI0.. ..... a.eeo- NOTES:_e- MAL.,..I"

-~ IIIOUIITID 2~ ..a-
NOTES:iIr.. IIIoONt _1OOoiN...... ...... 1:-.... 11
3 ""-"lId~
l-'~
SIIIedI
V II

NOTts:........~
y II

NOTtI:...............~
V II

NOTts:

COCT__:

1 ",-... 0.-
~ y II

,..-... 0.-
~ Y II

,"'-........
V II-, ..- 11I.__ ......... ...-............. O· CII . '-'.-a.-

IlOTlS: y II..- ....... ,.-.,.- WI·" ..- - - - -- COC...wa:-.R •
1 "'-"""""-

- ..... y
II

1llIu.._ e--o
..... lAiIlIII_ COC......, y II
NOTtI:

FIGURE 5-1

WESTON CUSTODY TRANSPER-WORK REQUEST FORM

Custody Transfer Record/Lab Work Request

I

A-3D

7·111

I
I
I
I

I

I
I
I

•
I
I
I

I



I

I
I
I
I
I
I
I
I,

I

Ext"lCt. Date:

Test:

Solvent:

SUIllle No:
Client

ID

WESTON Ana1ytics QAP
3 Octob r 1988
paqe 30 ot 63

FIGURE 5-2

WESTON SAMPLE EXTRACTION PORK

SAMPLE EXTRACTION RECORD
ShHt 110:
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Before any instrument is used as a measurement device, the
instrumental response to known reference materials must be
determined. The manner in which various instruments are
calibrated is dependent on the particular type of instrument and
its intended use. All sample measurements are made within the
calibrated range of the instrument. preparation of all reference
materials used tor calibration will be documented in a standards
preparation notebook.

Instrument calibration typically consists ot two types: initial
calibration and continuing calibration. Initial calibration
procedures establish the calibration range of the instrument and
determine instrument response over that range. Typically, thr e
to five analyte concentrations are used to establish instrument

\response over a concentration range. The instrument response
over the range is gen~rally absorbance, peak height,. etc., Which
can be expressed as a linear model with a correlation coetticient
(e.q". for Atomic Absorption, Inductively Coupled Plasma,
uv-Visible-Infrared Spectrophotometry, Ion Chromatography) or as
a response factor or amount vs. response plot (e. g. tor Gas
Chromatography, Gas Chromatography/Mass Spectrometry, High
Performance Liquid Chromatography).

Continuing calibration usually includes measurement ot the
instrument response to fewer calibration standards and' requires
instrument ~esponse to compare with certain limits (e.g. ± 10%)
of the initial measured instrument response. continuing
calibration may be used within an analytical sequence to verify
stable calibration throughout the sequence, and/or to demonstrate
that instrument response did not. drift during a period of non-use
of the instrument.
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Specific instrument calibration procedures tor
instruments are detailed in Section 7 ot this QAP.
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7.0 Analytical Procedures

Routine analytical services are performed using standardEPA-approved methodoloqy. In some cases, modification ofstandard methods may be necessary to provide accurate analyses ofparticularly complex matrices. When modifications to standardanalytical methods are performed, the specific alterations, aswell as the. reason for the change, will be reported with theresults of analysis. Choice of method is determined by the typof samples and the client/agency program represented. Theseprograms include, but are not limited to the following:

o Drinking water,
o Wastewater,
o Hazardous Waste, and
o Air.

For non-routine analytical services (e.g. special matrices,res~arch projects, non-routine compound lists, etc.), the methodof choice is selected based on client needs and availabletechnoloqy.
-The laboratory's reported method detection limits (MOL's) arebased on program requirements, sample matrix, and in-houseinstrument capabilities. These MOL's may. be higher thanpublished ·method detection limits. However, published MOL's aregenerally determined usinq clean matrices which are free ofinterferences, such as deionized water, and which are analyzedunder optimal laboratory conditions. For actual sample analysis,these MOL's may not be routinely achievable. Procedures in placeto demonstrate that reported detection limits are obtainable, aredescribed in the ensuinq subsections of this section.

Individual sample detection limits may vary from the laboratory'sroutinely reported detection limits. This may be due to dilutionrequirements, variability in sample weiqht or volume used toperform the analysis, dry weiqht adjustment for solid samples,the presence ot analytical background contaminants, or othersample-related or analysis-related conditions.

7.1 Gas Chromatography/Mass Spectrometry (GC/MS)

7.1.1 Tuning and GC/MS Mass Calibration

Mass spectrometers are calibrated with perfluorotributylamin(FC-43) as required to ensure correct mass assiqnment. Inaddition, once per 12-hour shift these instruments are tuned withdecafluorotriphenylehosphine (oFTPP) for semivolatiles analysisand 4-bromofluorobenzene for volatiles analysis. Ion abundanceswill be within the windows dictated by the specific programrequirements.
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7.1.2 GC/MSi Initial Calibration

Once an instrument has been tuned, initial calibration curves for
analytes appropriate to the analyses to be performed are
generated for at least five solutions containing known
concentrations of authentic standards of compounds of concern.
These solutions are generally cocktails of the method target
analytes. The calibration curves will bracket the anticipated
workinq range of analyses. For some compounds in the calibration
'standard cocktail, such as benzoic acid, 2,4-dinitrophenol,
2,4,5-trichlorophenol, 2-nitroaniline, 3-nitroaniline,
4-nitroaniline, 4-nitrophenol, 4,6-dinitro-2-methylphenol, and
pentachlorophenol, the detection is difficult at the lowest
calibration appropriate for' the majority of the compounds in the
mix. In these instances, a four-point initial calibration will
be acceptable. Linearity is verified by ~valuating the response
factors (RF) for the initial calibration standards. For an
acceptable calibration, the percent relative standard deviation
(% RSD) for the RF's of specified Calibration Check Compounds
(CCC's) will be <30 percent. In addition, a minimum average RF
of 0.050 must be demonstrated for specified System Performance
Check Compounds (SPCC's). These specified CCC's and SPCC's are
listed in Table 7-1.

Calibration data, to include linearity verification, will be
maintained in the laboratory's permanent records of instrument
calibrations.

7.1.3 GC/MSi Continuing Calibration

During each 12-hour operating shift, a daily midpoint calibration
standard is analyzed to verify that the instrument responses are
still within the initial calibration determinations. The
response factor for each target compound in the daily standard is
calculated and recorded, then compared to the average RF from the
initial calibration. If significant (>30') RF drift is obs rv d

'for the CCC' s, appropriate corrective actions will be tak n to
restore confidence in the instrumental measurements. In
addition, a minimum RF of 0.050 must be reported for SPCC's.

7.1.4 GC/MSi ouality Control

All GC/HS analyses will include analysis of a method blank, a
method blank spike .(semi-volatiles and pesticides/PCB's), a
matrix spike, and a laboratory duplicate in each lot of twenty
(20) or fewer samples. The matrix spike solutions will 'contain
the compounds listed' in Table 3,-2 and will be used for both
matrix spikes and blank spikes. In addition, appropriate
surrogate compounds ~s specified in Table 3-1 will be spiked into
each sample. Recoveries from method spikes and surrogat
compounds are calculated and recorded on control charts to
maintain a history of system performance.
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A method blank spik duplicate sample may be analyzed in place ofth matrix spike for analytical lots of less than ten (10)samples.

Audit samples will be analyzed periodically to compare and verifylaboratory performance against standards prepared by outsidesources.

7.1.5 GC/MS: Detection Limits

The laboratory's detection limits routinely used for reportingGC/MS data are compared with laboratory-determined instrumentdetection limits to ensure that the reported values areattainable. Inst~ent detection limits are determined fromtriplicate analysis of target compounds measured at three to fivetimes the reporting limit. The calculated instrument detectionlimit is three times the standard deviation of the measuredvalues.

7.2 Gas Chromatography CGC)
Chromatography CHPLe)

7.2.1 GC' HPLei Initial Calibration

. Gas chromatographs and high performance liquid chromatographswill be calibrated prior to each day of use. Calibrationstandard mixtures will be prepared from appropriate referencmaterials and will contain analytes appropriate for the method ofanalysis.

Working calibration standards for initial calibration will beprepared fresh daily. The working standards will include acalibration blank and five (5) calibration standards covering thanticipated range of measurement. At least one of thecalibration standards will be at or below the desired instrumentdetection limit. The correlation coefficient of this calibrationmust be equal to or greater than 0.990 to consider the responselinear over a range. If a correlation coefficient of 0.990cannot be achieved, additional standards must be· analyzed todefine the calibration curve.

7.2.2 GC' HPLC; Continuing Calibration

The response of the instrument will be verified for each analysissequence by evaluation of a mid-range calibration check standard.In order to demonstrate that the initial calibration curve isstill valid, the calibration check standard must be within± twenty percent (2.0t) recovery of the initial calibration forthe compounds of interest or the instrument must be recalibrated.For multi-analyte methods, this check standard may contain arepresentative. number of target analytes rather than the full
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list ot target c mpounds. Optionally, initial calibration can be
pertorm d at the b ginning of the analysis sequence.

Within the analysis sequence, instrument drift will be monitored
by analysis ot a mid-range calibration standard every 10 samples.
The % difference (% D) in calibration factors (CF' s) for the

. continuing calibration standard compared to· the average CF from
the initial calibration will be calculated and recorded. If
significant (> 20%>, calibration factor drift is observed for the
compounds of interest, appropriate corrective actions will be
taken to restore confidence in the instrumental measurements.

7.2.3 GC & HPLC: Quality' Control

At least one method blank and two method spikes will be included
in each laboratory lot of samples. Reqardless of the matrix
bing processed, the method spikes and blanks will be in aqueous
media. Method spikes ~ill be at a concentration of approximately
five (5) times the detection limits.

The method blanks will be examined to determine if contamination
is beinq introduced in the laboratory •

The method spikes will be examined to determine botn precision
and accuracy. Accuracy will be measured by the percent recovery
of the spikes ~ These recoveries will be plotted on control
charts to monitor method accuracy. Precision will be measured by
the reproducibility of both method spikes and will be calculated
as relative percentditference (' RPD). These' RPD's will be
plotted on control charts to monitor method precision.

7.2.4 GC' HPLC: Detection Limits

The laboratory's detection limits routinely used tor reporting GC
p sticide data are compared with laboratory determined instrument
detection· limits to ensure that the reportinq values are
attainable. Instrument detection limit. are determined from
triplicate analysis of target compounds measured at three to five
times the reporting limit. The calculated instrument detection
limit is three time. the standard deviation of the measured
values. For non-routine compounds, the reported detection limits
will be limited by the lowest calibration standard analyzed for
the respective method.

The reported detection limits for HPLC analyses are limited to
the concentration ot the lowest calibration standard analyz d on
a particular day. The only exception to this for HPLC analyses
are analyses conducted according to USATHAHA quality assurance
plan," December 198'5, 2nd Edition, March 1987 (U.S. Army Toxic
and Hazardous Materials Agency, Aberdeen Proving Ground, MD
21010-5401).
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7.3 Atomic Absorption Spectrophotometry eM): Flame' Furnace
7.3.1 AA: Initial Calibration

Atomic absorption spectrophotometers will be calibrated prior toeach day of use. Calibration standards will be from appropriaterefer.ence materials, and workinq calibration standards preparedfresh daily. Initial calibration will inclUde analysis of acalibration blank· and a minimum of three (3) calibrationstandards coverinq the anticipated range of measurement.Duplicate injections will be made for each concentration. Atleast one of the calibration standards will be at or below thereported detection limit. The calibration curve generated musthave a correlation coefficient equal to or greater than 0.996 inorder to consider the responses linear over a range·. If thecorrelation coefficient criteria of 0.996 are not met, thinstrument will be recalibrated prior to analysis of samples.
Prior to analysis of samples, the initial calibration will beverified usinq a mid-range calibration standard from a sourceother th~n that used for initial calibration, and an initialcalibration verification blank (ICB). ·The analysis result forthe initial calibration verification standard (ICV) must be ± tenp rcent (10%) recovery of the true value. The ICB must be freeof target analytes at and above the reporting limit. If the ICVor ICB are outside these criteria, the initial calibration mustbe repeated.

Calibration data, to include the correlation coefficient, will beentered into laboratory notebooks to maintain a permanent recordof instrument calibration.

7.3.2 AA: Continuing Calibration

The initial calibration is v.rified durinq the analysis sequenceby evaluation of a continuinq calibration blank (CCB) and acontinuinq calibration verification standard (CCV) after everyt n (10) samples are analyzed. The response of the continuinqcalibration verification standard must b. within ± ten percent(10') recovery of the true value. The continuinq calibrationblank must be fr.e of tarqet analytes at and above the reporteddetection limit.

7.3.3 AAi Quality Control

At least one method blank and two method blank spikes (laboratorycontrol samples: LCS) will be included in each labortory lot ofsamples. Reqardless of the matrix beinq processed, the LCS andblanks will be in aqueous media. The LCS will be at aconcentration of approximately five (5) times the detectionlimit.

A-38

I
I
I
I
I
I
I
I

•
'I
I
I

,

I
I
I

•
I
'I
I



I
I·
I

•
I
I
I

•
I
I

•
I
I
I
I
I
I
I
I

WESTON Analytics QAP
3 October 1988
page 38 of 63

The method blanks willb examined to d termin if contamination
is being introduced in the laboratory and will be analyzed at a
frequency of one per analytical lot or five (5) percent of the
samples, whichever is more frequent. The LCS will be examined to

. determine both precision and accuracy .. Accuracy will be measured
by the percent recovery (% R) of the spikes. The recovery must
be within the range 80-120 percent to be considered acceptable,
with the exception of antimony and silver, due to documented
method deficiencies in achieving reliable recovery (reference
EPA's Contract Laboratory. Program) . Additionally, the LCS t R
will be plotted on control charts to monitor method performance.

Precision will be measured by the reproducibi-lity of both LCS' s
and wi~l be calculated as relative percent difference (t RPD).
Results must agree within twenty (20) percent RPD in order to b
considered acceptable. The LCS RPD will be plotted on control
charts to monitor performance.

7.3.4 AA: Detection Limits

The laboratory'. routinely reported detection limits are compared
with laboratory-determined Instrument Detection Limits (IOL's) on
a quarterly basis to ensure· that the reported values are
attainable. IOL's are determined from three nonconsecutive day's
analysis of ~even consecutive measurements of target compounds at
three to five times the IOL. Each day's seven measured values
are averaged and the respective standard deviation calculated.
Three times the standard deviation of the average of the standard
d viations obtained from the three days' analysis is defined as
the IDL. The IOL's must be at or below the routinely reported
d tection limits.

7.4 Inductively Coupled Argon Plasma (ICP)

7.4.1 ICP: Initial Calibration

The inductively coupled argon plasma spectrophotometer will be
calibrated prior to each day of use. Calibration standards will
be prepared from reliable reference materials and will contain
all metals for· which analyses are being conducted. Working
calibration standards will be prepared fresh daily. Quarterly,
calibration will .be performed with a blank and a minimum of five
(5) concentrations to cover the anticipated range of measurement.
Duplicate readings will be made for each concentration. At least
one of the calibration standards will be at or below th
reporting limit. The calibration curve generated must have a
correlation coefficient equal to or greater than 0.996 in order
.to consider the responses linear over a range. If the
correlation coefficient criteria of 0.996 are not met, the
instrument will be recalibrated prior to analysis of samples.
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On a daily basis, the instrum nt will b calibrated usinq a
standard at the hiqh end of the calibration ranqe and a blank .
Prior to analysis of samples, the initial calibration will be
verified usinq a mid-ranqe calibration standard trom a sourc
other than that used for initial calibration, and an initial
calibration verification blank (ICB). The analysis result for
the initial calibration verification standard (ICV) must b ± ten
percent (lot) recovery of the true value. The ICB must be fre
of tarqet analytes at and above the reportinq limit. It the ICV
or ICB are outside these criteria, the initial calibration must
be repeated.

Calibration data, to include the correlation coefticient, will be
entered into laboratory notebooks to maintain a permanent record
of instrument calibration.

7.4.2 ICP~ Continuing Calibration

The initial calibration is verified durinq the analysis sequence
by . analysis ot a continuinq calibration blank (CCB) and a
continuinq calibration veritication standard (CCV) atter ev ry
ten (10) samples are analyzed. The response of the continuinq
calibration verification standard must be within ±' ten P rcent
(10') recovery ot the true value. The continuinq calibration
blank must be tree of tarqet analytes at and above the reported
detection limit.

7.4.3 ICP; Quality control

At least one method blank and two method blank spikes (laboratory
control sample; LCS) will be included in each laboratory lot of
samples. Reqardless ot the matrix beinq processed, the LCS's and
blanks will be in aqueous media. The LCS will be at a
concentration ot approximately five (5) times the detection
limit.

The method blanks will be examined to determine if contamination
is beinq introduced in the labortory.

The LCS results will be examined to determine both precision and
accuracy. Accuracy will be measured by the percent recovery
(' R) of the spikes. The recovery must be within the ranqe
80-120 percent to be considered acceptable. Additionally, the
LCS 'R will be plotted on control charts to mOllitor m thod
accuracy.

Precision will be measured by the reproducibility of both LCS and
will be calculated as relative percent difference (' RPD).
Results must aqree within twenty (20) percent RPD in order to be
considered acceptable.
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7.4.4 ICP; petection Limits

The laboratory routinely reported detection limits are compar d
with laboratory-determined Instrument Detection Limits (IOL's) on
a quarterly basis' to ensure that the reported values are
attainable. IOL's are determined from three nonconsecutive day's
analysis of seven consecutive measurements of target compounds at
three to five times the IOL. Each day's seven measured values
are averaged and the respective standard deviation calculated.
Three times the standard deviation of the average of the standard
deviations obtained from the three days' analysis is defined as
the IOL. The IOL' s must be at or below the routinely report d
detection limits.

7.5 Cold Vapor Mercury Analysis: Flameless AA CCVAA)

7.5.1 CVAAi Initial Calibration

The initial calibration procedures are as described in subsection
7.3.1 except that initial calibration requires analyses of a
calibration blank and five (5) working standards. The
correlation coefficient of the standard curve must be equal t or
greater than 0.996. The initial calibration is verifi d by
analysis of a cal ibration standard from an independent source
prior to sample·analysis. The response of the initial
calibration verification standard must be within ± twenty percent
(20%) recovery of the true value. If it is outside these limits,
the instrument is recalibrated.

7.5.2 CVAAi Continuing calibration

After every ten (10) samples, a continuing. calibration blank
(CCB) and continuing calibration' verification standard (CCV) are
analyzed. The response of the CCV must be within ± twenty percent
(20t) recovery of the true value. The CCB must be free of target
analyte at and above the reported detection limit.

7.5.3 CYAA: Quality Control

At least one method blank and two method blank spikes (laboratory
control samples: LCS) will be included in each labortory lot of
samples. Regardless of the m~trix being processed, the LCS and
blanks will be in aqueous media. The LCS will be at a
concentration of approximately five (5) times the detection
limit.

The method blanks will be examined to determine if contamination
is being introduced in the laboratory and will be analyzed at a
frequency ot one per analytical lot or five (5) percent of the
samples, whichever ·is more frequent. The LCS will be examined to
determine both precision and accuracy. Accuracy will be measured
by the percent recovery (t R) of the spikes. The recovery must
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The total orqanic carbon analyzer will be calibrated prior toeach day of use.

Calibration standards will be prepared from potassium hydrogenphthalate, and working calibration standards will be preparedfresh daily. The workinq standards will include a blank and aminimum of five (5) concentrations to cover the anticipated rangeof measurement.

At least one of the calibration standards will be at or below thedesired instrument detection limit. The correlation coefficientof the plot of known versus foun~ concentrations will be at least0.996 in order to consider the responses linear over a ranqe. Ifa correlation coefficient of 0.996 cannot be achieved, theinstrument will be recalibrated prior to analysis of samples.Calibration data, to include the correlation coefficient, will beentered into laboratory notebooks to maintain a permanent recordof instrument calibrations.
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Total Organic Carbon (TOC)

TOC Initial Calibration7.6.1

7.6

be within the ranq 80-120 percent to be consid red acceptabl ,with the exc pti n f antimony and silver, du t document dmethod deficiencies in achievinq reliable recovery (referenceEPA's Contract Laboratory Proqram). Additionally, the LCS % Rwill be plotted on control charts to monitor method performance.
Precision will be measured by the reproducibility of both LCS'sand will be calculated as relative percent difference (' RPO).Results must aqreewithin twenty (20) percent'RPO in order to beconsidered acceptable. The LCS RPO will be plotted on controlcharts to monitor performance.

7.5.4 cyAA: Detection Limits

The laboratory's routinely reported detection limits are comparedwith laboratory-determined Instrument Detection Limits (IOL's) ona quarterly basis to ensure that the reported values areattainable. IOL's are determined from three nonconsecutive day'sanalysis of seven consecutive measurements of tarqet compounds atthree to five times the IOL. Each day's seven measured valuesare averaqed and the respective standard deviation calculated.Three times the standard deviation of the averaqe of the standarddeviations obtained from the three days' analysis is defined asthe IOL. The IOL' s must be at or below the routinely reporteddetection limits.
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The detection limits are based on the concentration of the low st
standard analyzed. Results below the lowest standard are
reported as below the detection limit.

At least one method blank and two method spikes will be included
in each laboratory lot of samples. Method spikes will be at a
concentration of approximately five (5) times the detection
limit.

A continuinq calibration standard and blank 'will be analyzed at a
frequency ot ten percent (lot) and at the end ot the analysis
shift. The response calculated as a percent recovery ot the
standard must be ± fifteen percent (1St) of the true value. The
response of the blank must be less than the detection limit.
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TOC Quality Control

TOC Detection Limits

Toe; Continuing Calibration

Ion Chromatography (IC)

IC Initial Calibration

7.6.2

7.7

7.6.3

7.7.1

7.6.4

The ion' chromatoqraph will be calibrated prior to each day of
use. Calibration standards will be prepared trom appropriate
reterence materials, and workinq calibration standards for the
ions of interest will be prepared fresh daily. The working
standards will include a blank and a minimum of five (5)
concentrations to cover the anticipated ranqe of measurements.
At least one of the calibration standards will'be at or below the
d sired instrument detection limit. The correlation'coefficient
of the plot of known versus found concentrations will be at least
0.996 in order to cpnsider the response linear over a ranq. If
a correlation coefficient of 0.996 cannot be achieved, the
instrument will be recalibrated prior to analysis of samples.

The method blanks will be examined to determine if contamination
',is beinq introduced in the laboratory. The method spikes will be

examined to determine both precision and accuracy. Accuracy will
be measured by the percent recovery (' R) otthe spikes. The
recovery must be within the ranqe 80-120 percent to be consid red
acceptable. 'In addition, , R will be plotted on control charts
to monitor method accuracy.

Precision will be measured by the reproducibility ot both method
spikes and will be calculated as relative percent ditference
(t RPD). Results must aqree within twenty percent (20t) RPD in
order to be considered acceptable.

I
I·
I
I
I

•••
•
I
I
I
I

•
I
I'
I
I
II



A-44

Calibration data, to include the corr lation coefficient, will bentered into laboratory notebooks to maintain a p rmanent recordof instrument calibrations.
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A continuinq caliqration standard and blank will be analyzed at afrequency of ten percent (10') and at the end of the analysisshift. The response calculated as a percent recovery of thestandard must be ± fifteen percent (15%) of the true value. Theresponse of the blank must be less than the detection limit.

I
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ICi Quality Control

ICi continuing Calibration

Ie; Detection Limits

7.7'.3

7.7.2

7.7.4

The detection limits are based on the concentration of the 1 weststandard analyzed. Results below the lowest standard arereported as below the detection limit.

7.8 Spectrophotometry (Colorimetric Methods)
7.8.1. Spectrophotometry; Initial calibra~ion

Spectrophotometers will be calibrated prior to each day of use.The calibration standards will be prepared from ref r ncematerials appropriate· to the analyses beinq performed, andworkinq standards will include a m~nimum of five (5)concentrations which cover the anticipated ranqe of measurement.At least one of the calibration standards will be at or below thedesired detection limit. Additionally, a calibration blank willbe analyzed. The requirement for an acceptable initial

At least one method blank and two method spikes will be includedin each laboratory lot of samples. Reqardless of the matrixbeinq processed, the method spikes and blanks will be in aqueousmedia. Method spikes 'will be at a concentration of approximatelyfive (5) times the detection limit.

The method blanks will be examined to determine if contaminationis beinq introduced in the laboratory.

The method spikes will be examined to determine both precisionand accuracy. Accuracy will be measured by the percent recovery(% R) of the spikes. The recovery must be within the ranqe of80-120' to be considered acceptable. Additionally,' R will beplotted on control charts to monitor method accuracy.
Precision will be measured by the reproducibility of both m thodspikes and will be ,calculated as relative percent difference(% RPD). Results must aqree within twenty percent (20') RPD inorder to be considered acceptable.
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The detection limits are based on the concentration of the lowest
standard analyzed. Results below the lowest standard ar
r ported as below the detection limit •

Before sample analysis, an initial calibration verification
standard is analyzed. The response calculated as percent
recovery of this standard must be within ± tifteen percent (15%)
of the true value or the instrument is recalibrated.

Continuing Calibration

Detection Limits

7.8.2 Spectrophotometersi

7.8.3 Spectrophotometersi. Quality Control

At least one method blank and two method spikes will be included
in each laboratory lot ot samples. Regardless ot the the matrix
being processed, the method spikes and blanks will be in aqueous
media. Method spikes will be at a concentration ot approximately
five (5) times the detection limit.

calibration will b a correlation coettici nt qual to r greater
than 0.996 in order to. consider th respons linear over th
measured range. It the correlation coetticient criteria ot 0.996
is no~ met, the ~nstrument will be recalibrated prior to analysis
of samples. Calibration data, . to· include the correlation
coefficient, will be entered into the laboratory notebook with
the sample data to maintain a permanent record of instrument
calibrations.

A . continuing calibration verification standard (CCV) and blank
(CCB) will be analyzed at a frequency ot ten percent (10%) and at
the end ot the analysis sequence. T~e response, calculated as a
percent recovery ot the true v.alue, must be ± tifteen percent
(15') of the true value. The response ot the blank must bless
than the detection limit.

The method blanks will be examined to determine if contamination
is being introduced in the labortory.

The method spikes will be examined to determine both precision
and accuracy. .

Accuracy will be measured by the percent recovery (' R) ot the
spikes. The recovery must be in the range (80-120 percent) in
order to be considered acceptable. Additionally, , R will be
plotted on control charts to monitor method accuracy.

Precision will be measured by the reproducibility ot both method
spikes and will be calculated as relative percent difference
C' RPD). Results must agree within twenty (20) percent RPD in
order to be considered acceptable •

7.8.4 Spectrophotometersi

I
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7.9 Balance,

Laboratory balances will be calibrated and serviced annually by a .factory representative. In addition, the analyst will check thebalance betore each use with two masses: one in the gram rangeand. one in the milligram range. A record ot calibrations anddaily checks will be kept in the balance log.

The Class P weights used by the analysts for daily balance checkswill be calibrated annually against a set ot Class S certifiedweights.

7.10 Thermometers

Oven and retrigerator thermometers will be calibrated annuallyagainst a National Bureau ot Standards (NBS) certifiedthermometer in the range ot interest. Annual calibrations willbe recorded in a calibration notebook. Daily readings will berecorded with the respective oven or refrigerator.
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TULI 7-1

(r vised January 1989)

* phenol
* 1,4-dichlorobenzene
, N-nitroso-di-N-propylamin
* 2-nitrophenol
* 2,4-dichlorophenol
* hexachlorobutadiene
* 4-chloro-3-methylphenol
• hexachlorocyclopentadiene
* 2, 4, 6-trichlorophenol
* acenaphthene
, 2,4-dinitrophenol
, 4-nitrophenol
* N-nitrosodiphenylamin
* pentachlorophenol
* tluoranthene
* di-N-octylphthalate
* benzo-a-pyrene

GC/KB CALIBRATION CRECK COMPOONDS (CCC-.)
AND SYSTEM PERPORMANCB CHECK COMPOONDS (SPCC-s)
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* - calibration check compounds
(exception: di-N-octylphthalate is deleted trom the list
for all but specific EPA-CLP SOW contracts)

,- system ~erformance check compounds

Volatiles

t chloromethane
* vinyl chloride
* 1,1-dich1oroethene
, 1,1-dichloroethane
* chloroform

1,2-dichloropropane* bromoform
, 1,1,2,2-tetrachloroethane
* toluene* chlorobenzene
* ethylbenzene
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8.0 Data Reduction. Validation and Reporting

8.1 Introduction

All analytical data are recorded into bound laboratory notebooksissued by the QA Coordinator. Data are recorded and associatedwith a unique WESTON sample identification number and a clientsample identity. These pages minimally contain the followinginformation: analytical method, analyst, date, reagentconcentrations', instrument settings (as applicable), and rawdata.

The laboratory analysts sign and date all notebook entries daily.The notebook pages are reviewed periodically by the sectionManager. Copies of instrument outputs (chromatograms, stripcharts, etc.) are maintained on file.

8.2 Data Reduction

Data' reduction is performed by the individual analysts andconsists of calculating concentrations in samples from the rawdata obtained from the measuring instruments. The complexity ofthe data reduction will be dependent on the specitic analyticalmethod and the number of discrete operations (extractions,dilutions, and concentrations) involved in obtaining a samplethat can be measured.

For those methods utilizing a calibration curve, sample responsewill be applied to the linear regression line to obtain aninitial raw result which is then tactored into equations toobtain the estimate ot the concentration in the original sample.Rounding will not be performed .until after the final result isobtained to minimize rounding errors, and results will notnormally be expressed in more than two (2) significant fiqures.
copies of all raw data and the calculations used to generate thefinal results will be retained on tile to allow reconstruction ofth data reduction process at a later date.

8.3 Data Review/Validation

system reviews are pertormed at all levels.analyst constantly reviews the quality otcalibration checks, quality control sampleperformance evaluation samples. These reviewsprior to submission to the section Managers orPr ject Manager.

The Section Manager'and/or the Analytical Project Manager reviewdata for consistency and reasonableness with other generated dataand determine it program requirements have been satisfied.Selected hard copy output ot data (chromatograms, spectra, etc.)
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will be reviewed to nsure that results are interpreted
correctly. Unusual or un xpected results will be reviewed, and a
resolution will be made as to whether the analysis should be
repeated. In addition, the Analytical project Manager or Section
Manager will recalculate selected results to verity the
calculation procedure •

The Quality Assurance otticer independently conducts a complete
review of selected projects to determine it laboratory and client
quality assurance/quality control requirements have been met.
Discrepancies will be reported to the appropriate Section Manager
and/or Analytical project Manager tor resolution.

The final routine review is performed by the Laboratory Manager
prior to reporting the results to the .client. Non-routine audits
are performed by regulatory agencies and client representatives.
The level of detail and the areas of concern during these reviews
are dependent on the specific program requirements •

. 8.4' Data Reporting

Reports will contain tinal results (uncorrected for blanks and
r coveries), methods ot analysis, levels ot detection, surrogate
recovery data, and method blank data. In .. addition, sp cial
analytical problems, and/or any modifications ot reter nced
m thods will be noted. The number ot signiticant tigures
reported will be consistent with the limits ot uncertainty
inherent in the analytical method. Consequently, most analytical
r sults will be reported .to no more than two (2) significant
figures. Data are normally reported in units commonly used for
the analyses performed. Concentrations in liquids are expressed
in termsot weight per unIt vol~e (e.g., milligrams per liter).
Concentrations in solid or semi-solid matrices are express d in
t rms ot weight per unit weight ot sample (e.g., micrograms per
gram). .

Reported detection limits will' be the concentration in th
original matrix corresponding to the low level instrument
calibration standard atter concentration, dilution, and/or
xtraction tactors are accounted tor, unless otherwise specitied

by program requirements.

The final data report provided by WESTON Analytics contorms to
one ot three types:

1. Levell: WESTON Standard Client Report,

I
I
I
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I
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2. Level 2: A Tier II Report (as specitied by the
ot New ~ersey). This Report provides support
inclUding a case narrative, quality control data,
chain-ot-custody report,
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3. Level ·3: U.S. EPA-CLP tormat report as described inWESTON OP 21-20-020, Section B, or

4. Level 4: Tier 1 Report (as specified by the State ofNew Jersey). This Report provides support dataincluding a case narrative, quality control data, amethods summary, negative proots ot mass spectral.quantitation library search "talse positives", and alab chronicle, and chain-of-custody for receipt andanalyses. The basi. submittal is U.S. EPA-CLP tormat(Level 3 above) with a tew NJDEP-specified extras.
8.4.1 Levell: Standard Client Report

The standard commercial report contains a transmittal letter andthe following for Organic Analyses:

o cover page describing: data qualifiers, samplecollection, extraction and analysis dates, and adescription ot any technical problems encountered· withthe analysis,

o spreadsheet sample data and QC result summaries, and
o five-peak library search report tor GC-MS volatiles andsemivolatiles. .

QC for batches ot twenty (20) samples or less includes a methodblank, a method blank spike (semivolatiles and pesticide/PCB's),a matrix spike, a laboratory duplicate or spike duplicate, andsurrogate recoveries. For sample batches of less than ten (10),laboratory duplicates and matrix spikes may be taken from othersamples processed at the same time. Also, a method blank spikeduplicate may be substituted tor a matrix spike in smallerbatches.

Although the EPA CLP methodology is used tor Levell, re-analyseswill not be required tor surrogate outliers unless poorr coveries are determined to be due to laboratory error.
Inorganic Analyse. Level 1 reports contain a transmittal letterand the tollowing:

o cover page describing: data qualitiers, samplereceipt, digestion and analysis dates, and adescription ot any technical problems encountered withthe analyses,
•o sample data summary report inclUding lab blanks, and

o QC summary report on laboratory control samples(accuracy).
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8.4.2 Level 2: Tier II Report

The Level 2 .report contains a transmittal letter and thefollowing tor organic Analyses:

o cover page,
o chain of custody-sample request torm,o case narrative and laboratory chronicle,o tune summaries,
o sample data results, with accompanying chromatograms andappropriate spectra, .and
o QC data including:

method blanks,
surrogate recoveries, and
matrix spike-matrix spike duplicate recoveries.

Inorganic Analyses Level 2 reports contain a transmittal letterand the following:

o lab chronicle,

o cover page describing: data qualitiers, samplreceipt, digestion and analysis dates, and adescription ot any technical problems encountered withthe analyses,

o sample data summary report including lab blanks,
o QC summary report on laboratory control samples(accuracy),

o QC summary report on sample matrix spike (accuracy) andduplicate (precision analyses), and

o chain-ot-custody/analysis request torm.

•
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9.0 IntImal Quality Control Checks; Laboratory

The daily quality of analytical data qenerated in the WESTON
laboratories is controlled by the implementation of this
Analytical Laboratory Quality Assurance Plan. The types of
internal quality control checks are described in this section.

o Method Blanks. Method blanks usually consist of
laboratory reaqent qrade water treated in the same
manner as the sample (i.e., diqested, extracted,
distilled, etc.) which is then analyzed and reported as
a standard sample would be.

o Method Blank, Spike. A method blank spike is a sample
of laboratory reaqent qrade water fortified (spiked)
with the analytes of interest Which is prepared and
analyzed with the associated sample batch. Method
blank spikes are not included with volatiles analyses
since the same function is served by the calibration
standard analysis.

o Laboratory Control Sample for Inorganics. This is a
standard solution with a certified concentration which
is analyzed as a sample and is, used to monitor
analytical accuracy. (Equivalent to a method blank
spike).

o Matrix spikes. A matrix spike is an aliquot of an
investiqativ. sample which is fortified (spiked) with
the analytes of interest and analyzed with an
associated sample batch to monitor the effects of the
investiqative sample ,matrix (matrix effects) on the
analytical method. Matrix spikes are performed only in
association with selected protocols. Frequency of
matrix spikes will be specified in the project-specific
Quality Assurance Project Plan.

o Laboratory Duplicate Samples. Duplicate samples ar
obtained by splittinq a field sample into two separate
aliquot. and performinq two separate analys.s on the
aliquot.. Th. analysis of laboratory duplicates
monitors sample precision; however, it may b. affect d
by sample inhomoqeneity , particularly in the case of
nonaqueous samples. Laboratory duplicates are
performed only in association with selected protocols
and at the client's request. Frequency of duplicates
will be specified in the project-specific Quality
Assurance Proj ect Plan. .

•
o Known QC Check Sample. This is a QC sample of known

concentration obtained from the U.S. EPA, the National
Bureau of Standards (NBS) or a commercial source. This
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QC sampl is to- check the accuracy ot an analytical
procedur. It is particularly applicable when a minor
revision or adjustment has been made to an analytical
procedure or instrument.

9.1 QC Monitoring

The analyses ot quality control samples are entered
chronologically onto quality control charts specifically
maintained for each analytical procedure. These control charts

'are labeled with upper and lower warning and control limits, the
analysis which is being charted and the value (e.g., 'recovery,
% RPD, etc.) which is being monitored. Control charts are
updated monthly and are used to demonstrate method performanc
and help identity system errors.

•
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10.0 Pertormance and System Audits

10.1 External Audits

WESTON participates in several external audits sponsored by StateRegulatory Aqencies and the U.S. EPA. These audits includeperformance and system audits.

The performance audits are in the .form ot blind pertormancsamples submitted by the aUditinq aqency. System audits involveon-site evaluation of the WESTON laboratory systems. Arepresentation ot the number, type, and auditinq aqency aresummarized in Table 10-1. WESTON is certified in over states,and many ot these states (e.q., Ohio, Utah, Colorado, etc.) alsoperform on-site audits as part of their certificationr quirement.

10.2 Internal Audits

The . laboratory QA Coordinator has overall responsibility formonitorinq the internal Quality Assurance/Quality Controlproqram. The QA Coordinator has a statf to provide in-houseaudits, and to review and validate analytical data packaqes. TheQA Coordinator is also responsible for· schedulinq andcoordinatinq external systems audits and reviewinq data forperformance samples received.

The QA Coordinator supplies blind performance samples to thelaboratory at least semi-annually.

The QA Coordinator audits laboratory systems and procedures atleast once annually. Unique client audit procedures and datarequirements will be complied with as contractually specifi d.The internal audit consists of a review ot laboratory systems,procedures and documentation. Any deficiencies and/or deviationsare documented and a summary report is prepared. (See alsosection 13)
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TABLE 10-1

EXTERNAL PERFORMANCE AND SYSTEMS AUDITS
WESTON ANALYTICAL LABORATORIES

pgercy Parameters ~ FregtJercy RegujOO for

IllinJis EPA ltS-wP PerfOI'manOe semi-annually Water/Waste
System Water cert.

NY Dept of ltS-wP PerfOl'JDaJ'Oa semi-annually water/Waste
Health water cert.

NY state Ioorganic- PerfOI'manOe EPA CIP Qtrly state
Dept. Env. Organic Blincl Analytical
Q:InseIv. 'Ia.. System CcI1tract

lU Dept. of ltS-wP PerfOI'manOe
,

Annually water,lWaste
Envira1. System Every 2 Yrs. water cert.
Protectia'1

Haz.Waste Performance EPA CIP Qtrly Haz.waste
~

OklahaDa WRB l'5-wP Performance semi-annually water,lWaste
water cert.

PA Dept. of l'5 Performance Annually water cert.
Er1Vi.rcm. Res. .. System Every 2 Yrs.

Haz.waste Performance EPA CIP Qtrly state Anal.
CcI1tract

U.S.EPA Inorganic- Perfomance Quarterly SUperfund
Orqanic SystaIIl Every 2 Yrs. Related
'Ia.. Analytical

work

U.S. ArDJ Inorganic- Performance As CcI1tract waterjWaste
C'oIpl of Orqanic System Requires water,
~. SUperfund

(IERA) Analytical
Work

0 Last aHlite by U.S.EPA was pert~ in May 1988
0 last PA IER CI'HIite was performed in May 1987, and last IEPA cn-site was

perfomecl in 5epteDi:)er 1988•
•

ws - water S\.lR)ly (Dri.nkin; water)
wp - water Pollutia'1 (Wastewater)
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11.0 Preventive Maintenance

11.1 IntrQductiQn

The ability tQ generate valid analytical data requires that all
analytical instrumentation be prQperly and regularly maintained.
The WESTON Analytical LaboratQry maintains tull service CQntracts
on all maj Qr instruments. These service contracts not only
prQvide rQutine preventative maintenance but alsQ emergency
repair service. The elements Qt the maintenance program are
discussed in the fQ1IQwing sectiQns.

11.2 Instrument Maintenance Log BQQks

Each analytical instrument is assigned an instrument lQg book.
All maintenance activities are recQrded in the instrument lQg.
The information entered in the instrument lQg includes:

1. date Qf service,
2. persQn perfQrming service,
3. type Qf service perfQrmed and reason for service,
4. replacement parts installed (if appropriate), and
5. miscellaneQus information.

If service is performed by the' manUfacturer, a copy of the
service recQrd is taped into the page facing the nQtebook page
where the above informatiQn is entered.

11.3 Instrument CalibratiQn and Maintenance

The routine calibration prQcedures used for analytical
instrumentation are described. in SectiQn 6 and shown in
Table 11-1. Preventative maintenance and calibration by
manufacturer service representatives are provided on a routine
basis.

The maintenance procedures and frequencies fQr major analytical
instrumentation are given in Table 11-2.

WESTON service agreements provide fQr preventative maintenance,
emergency service, and emergency shipping of spare parts. For
emergency response, service contracts on the Gas ChrQmatographs,
GC/MS instruments and AA-ICP require on-site response within
48-72 hQurs. (Typically, service representatives are on site
within 24 hQurs of a service call.) The service contracts alsQ
provide fQr 24-hQur delivery of critical spare parts in response
tQ a service request. .

•
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11.4 Spare Parts

WESTON Laboratory maintains an inventory of routinely r quired
spare parts (for example, spare sources, vacuum pumps and
filaments for GC/MS, spare torches, burner heads for AA-ICP).

I
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The instrument operators have the responsibility,
appropriate Section Manaqer, to ensure that an
inventory of spare parts is maintained.
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CALIBRATION PREQUENCY AND MECHANISM POR MAJOR INSTRUMENTSWESTON ANALYTICAL LABORATORY
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.M Daily (or more
frequently

ICP Daily (or more
more fre-
quently)

Ion Daily
Chromatograph

Spectro- Daily
photometers

Technicon Daily
AutoAnalyzer

Conductivity Daily
Heter

Analytical Daily, when
Balance used

OVens Quanerly

I
I
I
I
I
I
I
I
I
I
I
I
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Indicator
Standard Parameters

Standard soln Response-
of analytes sensitivity
to be measured

Standard soln Retention Tim
of analytes Response-
to be measured Sensitivity

Standard soln Re~ention Time
of analytes Response-
to be measured Sensitivity

Standard soln Response
of analytes Linear Range
to be measured

Standard soln Response
of analytes Linear Range
to be measured

Standard soln 'Retention Time
of analytes Response
to be measured

Standard soln Response
of analytes Linear Range
to be measured

Standard soln Response
of analytes Linear Range
to be measured

Standard soln Response
of analytes
to be measured

Class S wts. Accuracy
(NBS cert)

Thermometer Accuracy
(NBS-cert)
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Frequency
of Calibration

Daily (or
every 12 hrs)

Daily (or more
frequently as
required)

Daily

GC/MS

Instrument

GC (Hall,
PID,EC,NPD,
FID,FPD)

HPLC
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INSTRUMENT MAINTENANCE SCHEDULE
WESTON ANALYTICAL LABORATORY
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Instrument

Gas Chromatograph-Mass Spectrometer

Gas Chromatographs

GC Detectors
(FID,EC,PID,Hall,NPD,FPD)

High Performance Liquid
Chromatographs

Atomic Absorption Spectrometer
(Flame and Furnace)

Inductively Coupled Plasma
spectrophotometer

Analytical Balance

Ion Chromatograph

Spectrophotometers

Cold Vapor Mercury AA

Technicon Autoanalyzer

Conductivity Meter

Ovens

pH-Specitic Ion Meter
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Preventative Service
Maintenance Contract

Semi-annually Yes

Semi-annually Yes

As needed Yes

As needed No

Semi-annually Yes

Semi-annually Yes

Annually Yes

Annually Yes

As needed No

As needed No

As needed No

As needed No

As needed ' No

As needed No
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12.0 Procedure. Used to Assess pata Quality

12.1 Introduction

The QA objectives for precision, accuracy, and completeness weregiven and discussed in Section 3. All analytical data arereviewed relative to these criteria and specific projectrequirements to assess the quality of the analytical data. Wherall criteria are met, data are deemed acceptable withoutqualification. Where precision and accuracy goals are not met,the sample set is re-analyzed or reported with qualification inthe case narrative. Some of the factors affecting this finalsample disposition include:

o project-specific QA/QC requirements,
o availability of sufficient sample for re-analysis,o holding time considerations, and
o regulatory action limits.

12.2 Precision

Precision is measured through analyses of replicate QC controlsand field samples. Results from thes8 measurements arecalculated as relative percent difference ,'RPD) or percentrelative standard deviation "RSD) and evaluated according tothe criteria set forth in subsections 3.3-3.3.2. Laboratory QCcontrol samples are used to demonstrate acceptable methodperformance, and are used to trigger corrective action whencontrol limits are exceeded.

Precision measurements from field samples give an indication ofsample homogeneity. Problems with sample homogeneity are morelikely to occur with soil and sediment samples, water samplescontaining a noticeable amount of solids, and non-standardmatrices.

12 . 3 Accuracy

Accuracy is measured through the analysis of fortified reagentfree matrices and fortified field sample.. Results from th sem asurementa are calculated as percent recovery and evaluat daccording to the criteria set forth in subsections 3.2-3.2.2.Laboratory QC control samples are used to demonstrate acceptablmethod performance, and are used to trigger corrective actionwhen control limits are exceeded.

Accuracy measurements from field samples give an indication ofphysical or chemical interferences present which can eitherenhance or mask the actual presence of target analytes.Determination of percent recovery (' R) requires analysis of afortified sample and a. non-fortified sample, so that anybackground analyte already present in the sample can be accounted
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for in the recovery d termination. Thus, sample homoqeneity alsbecom s a factor in recov rydet rminations, as variablebackqround can affect the apparent analyte recovery. Problemswith sample recovery are morel ikely to occur with soil andsediment samples, water samples containinq a noticeable amount ofsolids, and non-standard matrices.

12.4 Completeness

Completeness has been defined in subsection 3.4 as a measure ofthe amount of analytical data qenerated by an analytical methodor system meetinq all accuracy and precision criteria. Asstated, the minimum qoal for completeness is 80' and the abilityto exceed this qoal (especially for orqanic TCL analys s) isdependent on the applicability of the analytical methods to thesample matrices analyzed. However, even if data have not metthis lab·oratory definition of data able to be reported withoutqualification, project completion qoals may still ~e met if thequalified data, i.e. data of know quality even if not perf ct, issuitable for specified project qoals.

•
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13.0 Corrective Action

The initial responsibility to monitor the quality ot ananalytical system lies ~ith the analyst. In this pursuit, theanalyst will verity that all quality control procedures arefollowed and results of analysis of quality control samples arewithin acceptance criteria. This requires that the analystassess the correctness ot all of the following items asappropriate:

o sample preparation procedure,
o initial calibration,
o calibration verification,
o method blank result,
o duplicate analysis,
o laboratory control standard, ando tortItied sample result.

It the assessment reveals that any ot the QC acceptance criteriaare· not met, the analyst must immediately assess the analyticalsystem to correct the problem. The analyst notifies theappropriate supervisor and the QA Coordinator of the problem and,it possibl., identities potential causes and corr.ctive action.
The nature of the corrective action obviously depends on thenature ot the problem. For example, if a continuing calibrationverification is determined to b. out of control, the correctiveaction may require recalibration of the analytical system andreanalysis of all samples sine. the last acceptable continuingcalibration standard.

When the appropriate correctiv.action measures have been definedand the analytical system is d.t.rmin.d to b. "in control", theanalyst documents the problem, and the corr.ctiv. action. C piesot the torm aWllmarizinq the.. actions are provided to thsection Manager and QA Coordinator.

Data generated concurrently with an out-ot-control system will beevaluated for usability in light ot the nature ot the deficiency.If the d.ticiency does not impair the usability of the results,data will be reported and the deficiency noted in the casenarrative. Where sample results are impaired, the LaboratoryProject Manaqer i. notitied and appropriate corrective action(e.q., reanalysis) is taken. ..

The critical path for assessinq the correctness and acceptabilityof analytical data is shown in Fiqure 13-1.
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CRITICAL PATH FOR CORRECTIVE ACTION
IN THE WESTON LABORATORY

. WESTON Analytics QAP
3"Oct ber 1988
pag" 62 ot 63

OUT OF CONTROL SYSTEM

f

ALERT SECTION MANAGER AND QA COORDINATOR

"I
REVIEW PROCEDURES AND ASSESS PROBLEM

I
DEFINE CORRECTIVE ACTION ALTERNATIVES

I
TAKE CORRECTIVE ACTION

REDEFINE CORRECTIVE
ACTION ALTERNATIVES

- REANALYZE SAMPLE

DOCUMENT CORRECTIVE ACTION
AND RESULT

No

DATA POR REPORT l
I

•

A-G3

SYSTEM IN CONTROL

REPORT DATA

] RELEASE

1SAMPLE REANALYSIS REQUIRED f-- Yes

I
No
I

I
I"
I
I
I
I
I
I
I
I
I
I

•
I
I
I
I
I
I



WESTON Analytic. QAP
3 october 1988
paq 63 of 63

14.0 Quality Assurance Reports to Management

The QA Coordinator provides quarterly and annual reports to theWESTON manaqement. These reports summarize QA activities tor thereportinq period includinq results of pertormance audits(external and internal), results of system audits (external andinternal), summaries of corrective action to remedy out ofcontrol situations and recommendation for revision in laboratoryprocedures to improve the analytical systems. The ProjectManaqer will be notified immediately of laboratory QA situationsrequirinq immediate corrective action.

A-64
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Detection Detection
Method Limit Method Limit

VOAs EPA SOW (a) EPA SOW (a)
10/86·* 10/86 *

TCL Metals EPA SOW (b) EPA SOW (b)
7/87 ** 7/87 **

BNAs EPA SOW (a) EPA SOW (a)
10/86 * 10/86 *

P sticides/PCB EPA SOW (a) EPA SOW (a)
10/86 * 10/86 *

2,4,6 - TNT USATHAMA 0.78 ug/L NR
UW01

Picric Acid HPLC 50 ug/L HPLC 1 mg/kg

Petro'l-eum' E418.1 1 mg/L SW9071/E418.1 10 mg/kg
Hydroca-rbons

TOX-- SW9020 10 ug/L SW9020 100 mg/kg

Oi-l-&-Gre-a-sEr NR SW9071/E413.1 50 mg/kg

Nitrate/Nitrite EPA 353.1 0.1 mg/L EPA 353.1 --;/kg

_TOG-- EPA 415.1 0.5 mg/L SW 9060 kg

pH EPA 150.1 NA NR

Specific EPA 120.1 0.5 umhos/cm NR
Con~uctivity

Cyanide EPA 335.2 0.01 mg/L SW 9010 1 mg/kg

I
I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

(a)

(b)

*

*

NAVAL WEAPONS STATION EARLE

LIST OF ANALYTICAL METHODS AND DETECTION LIMITS

N-celll.-\.(o<;.e (NJ~ 1'1C-€V\lr)C:
WATER \ ~

Organics TCL List' - See attached Table 1.

Inorganics TCL List - See attached Tables 2,3,4.

USEPA CLP Statement of Work for Organics Analysis Multi-Media,
Multi-Concentration, 10/86, revised 8/87.

USEPA CLP Statement of Work for Inorganics Analysis Multi-Media,
MUlti-Concentration, 7/87.
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Soil
• Detection

Limi~ .
(dry ·wt.)

Soil
fraction • Det ction
801id. L1JIlit

(dry wt.)

. , ;-..... '

To..b~ \

SOIL CRDL CONVERSION TABLE

~/t ~
CRDL SOW SOW ~'J)

784 785 .,. 1f1'

200 100 40
60 30 12
10 5 2

200 100 40
5 2.5 1
5 2.5 1

5000 2500 1000
10 5 2
50 25 10
25 12.5 5

100 50 20
5 2.5 1

5000 2500 1000
15 7.5 3
0.2 O.~ O.JU

40 20 8
5000 2500 1000

5 2.5 1
10 5 2

5000 2500 'I 1000
10 5 2
40 20 8
50 25 10
20 10 4

10 CN} 2.5 for 19. .ample
5 0.5 for 59. .ample

.Water
Detection
Limit

SOW·
"'4 '

Element

B-2

Aluminum
Antimony·
Ar. nie
Barium
Beryllium
CadmiWll
CalciWll

·Chromiwa.
Cobalt
Copper·
Ir n
Lead
Magnesium
Mangane.e
Mercury .
Nickel
Pota••ium
5 1 niwa
Silver
Sodium
Thalliwa

(Tin)
VanadiulD
line

CN
(Phenolic. )

Soil
X °ig

1L X 5 • Detection .;
~iJIlit

tii9~0~ .'.dilutio~
. . .: o.f.. 4ige.•tate

-~JOw Water l..--v---I s~ii
.,85 S 'Detection X 0 • 2L .".Detection T fraction--rg .. solid,-·Limit .,Jtimit

" .
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7/17

For lead:

Kethod 1n use • ICP
In.trument Detection Li.lt (IDL) - 40
Sample concentration ." 220
Contract Required Detection L1D1t (ClDL) • 5

Subject to the re.trictiona .pecified in the fir.t pase of Part C,
Section IV of Exhibit D (Alternate Methods • Cata.trophic Failure) any
analytical lIethod .pecifled In SOY Exh1bit D ...y be utilized a. lons a.
the documented inatrument or .ethod detection li.it. meet the Contract
Required Detectlon L1a1c (CRDL) require..nt.. Hilher detectlon lillit.
..,. ollly b. a •• 11l th. followlna clrcuut&DC.:

If cba .upl. coneentratlon exce.ct. flv. tllle. the detectioll 11alt of
the lut~llt or .ethod In uae, the value 8&" be reporced even th ush
the lutruMllt o~ lIethod detect10n 1lllit "'1 not equal the Contract
Requlred Detection Li.lc. ~1. 1. illuatrated in the eX&llple bel v:

200
60
10

200
5
5

5000
10
50
25

100
5

5000
15
0.2
40

5000
5

10
5000

10
50
20
10

Contract Requ1red
Detection Li.it (1,2)

(u&l1-)

_INORGANIC TAJlCET ANALYTI LIST (TAL)

Analyce

AluminWi
Antimony
Anenic
aadua
aeryl1iua
Cadlliua
Calc1ua
Cbrolliua
Cobalt
Copper
Iron
lAad
Kaan.,iua
Kansane.e
Kercury
Nickel
Pota.,iua
Seleniua
SUver
Sodlua
~all1ua

Vanadtua
Z1nc·
Cyanide

(1)

I
I"
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



The v.lue of 220 ..y be re~ rted even th uah lnacru.ant detection li8it
i. Ire.ter than ClDL. The inatrua~t or meth d detectlon It.it .u.t be
documented •• de.cribed in Exhibit E.

(2) The cRDL are the inatrument detectlon limit. obt.1nad 1n pure vater
that ~t be .et ~inl the procedure in Exhibit I. The detection
limit. for sample••ay be considerably higher depeDdinl on the .ample
matrix.
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Tarlle e~pound Li.e (TCL) and
Contract "guirl' Qulntitat10n L1ait. (CIQL1*

Quantitation Lla1t.··
\liter Low So11/S.d1••nc i

VolatU.. CAS Nu.blr uI/L y,/Ke

1. ChloroMthanl 74-17-3 10 10
2. IraOMchane 74-.3-' 10 10
3. V1n,1 Chloridl 75-01-4 10 10
4. Chloroechaa. 75-00-3 10 10
,. Mlth,llal Chloridl 75-09-2 , ,
6. Acetoal '7-64-1 10 10
7. Carbon Dl.ulf1dl 75-15-0 , ,
I. 1.1-Dichloroethlnl 75-3'-4 5 5
9. 1.1-Dlchloroechanl 75-34-3 , ,

10 •. 1.Z-D1chloroethlnl (cocal) 544-59-0 , . 5

11. Chi orofora 67-66-3 , ,
12. 1.2-Dlchloroechaal 107-06-2 , ,
13. 2-1'1caaane 71-93-3 10 10
14. l,l,l-trlcbloroechanl 71-55-6 , ,
15. ClrbOD tlcrachlorldl 56-23-' , ,
16, Via,1 Acecaci 101-0'-4 10 10
17. Iroaod1chlora.chanl 75-Z7-4 . , 5
II. l,2-Dlchloropropaae 71-87-' , ,
19. cl.-1,3-D1chloroproplae 10061-01-' , ,
20. Trlchloroethlne . 79-01-6 , ,
21. Dlbroaocbloroaetbanl 124-48-1 , ,
22. l,l,2-Trichloroechanl 79-00-' , ,
23. I.n&lne 71-4)-Z , ,
24. craDl-l,)- , . ,

Dichioropropl. l0061-oZ-6
25. Iroaofora 75-Z'-Z , ,
26. 4-Mlcb11-Z-peataAODI 101-10-1 10 10
Z7.2.....D.. '91-7'-6 10 10
21. t.c~acb1or.chaftl 127-11-4 , 5
29. tolul" 101-11-3 , ,
JO. 1,I,2.Z-tlcrachloroethanl 79-34-' , ,

(conC1nuld)

1/87 ....
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~edl~ Soll/Sedl..nC Concracc lequ1red Quanclcacloa Lla1C. (ClQL) fo~ Vollclle
TeL Coapound. Ire 100 cl... the IndiYldua1 Low Soil/Sedl..nc CIQL.

-Specific qUlnclcaclon lla1c. are hi,hI, ..crl. dependeDC. The qUincicaclon
lla1tl lilted herllD are provide. for 1Y1.IACi aDd .., DOC alva,. be achievlble •

•*QyaDtlt.cloa llait. lilced for loll/ledl..nc are \laid oa vec vel,he. The
qUlDtiCaclon 11a1t. calculaced by che laboracory for .o11/.edl..nc, calculaced
Oft dry vel,hc ball... require. b, che CODcrace, Will be hi.her.

Vol. tile.

)1. Cblorobenalne
32. Ethyl aenaene
33. Styrlne'
34. Xylene. (Total)

CAS Nu.ber

108-90-7
100-41-4
100-42-'

1330-20-7

,
S
S
S

Quantltatlon Liajt.*.

,,,
S

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I



I
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Tarlee Coapouftd Llle (teL) and

I
C ncrace "gulr.d Quaaclcacl a Lla1c. (ClgL).

guaacluUoft Lhuu"
Waur Low Sotl/Sedl..nc 6

I S.a1volacll11 CAS Nuabtr UIZL ul/!c

35. Pheaol 10a-95-2 10 330

I
36. bl.(Z-ebloroeeh11) .eher 111..4.. 10 330
37. ' Z-ebloroph.eol 95-57-' 10 330
3a. l,3-Dlchlorobeasene '41-73-1 10 330
39. l,4-Dlchlorobtas.ne 106"6-7 10 330

I 40. l.al1l .lcOhol 100-51-6 10 330
41. l,2-Dlcblorobtal.ne 9'-SO-l 10 330

I 42. 2-KeCh1lpheaol 95..a-7 10 330
43. bll(2-eblorol.opro,,1)

ech.r 101-60-1 10 330

I
44. 4-K.ch1lpheaol 106-44-' 10 330

4'. !f-N1Croeo-cl1-wa-
diprop11wne 611-64-7 10 330

I 46. leuchloroeeh&ne 67-72-1 10 330·
47. Mlcrobenl•• 91-95-3 10 330
41. IIophorou 71-59-1 10 330

I
49. Z-Mlcroph.nol SI-75-' 10 330 •

'0. 2,4-Dl..eb11phanoi 105-67-9 10 330·
'1. I.alolc .dd 65-as-o SO 1600

I '2. bl.(Z-eblofoeChozy)
Mch.a. Ul-91-1 10 330

53 Z,4-Dlchloroph.nol lZo-l3-2 10 330

I
54. l,Z,4-Trlchlorobta..ne 120-a2-1 10 330

55. Naphehalene 91-Z0-3 10 330
56. 4-aloroanUl. 10.-47-1 10 330

I '7. lle.achlorobue.d1e. .7-61-3 10 330
51. 4-etl1oro-3-.th11,taeaol

(p.r.-ch1or....ta-cr••ol) 5,.50-7 10 330

I 59. 2-KeU11upbtbal•• '1-57-6 10 330

60. l.ud1oroqclop.ac.dl.... 77-47-4, 10 330

I
61., Z,'.6-frlcblorophenol 11-06-2 10 330
'2. 2,4,~Trlcb1oroph.nol 95-9S-4 SO 1600
63. 2-ebloronapheh.l.n. '1-,a-7 10 330
64. 2-NlcrOlnlllne S'-74-4 SO 1600

I
I

(contlnu.d)
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'I
IWacer

SI.1volaU1I1 CAS Nuablr u./L

6'. Dl.. thylphchalac6 131-11-3 10 330 I66. AClnaphthyllDI 201-96-1 10 330
67. 2,6-Dlnltrotolulnl 606-20-2 10 330
61. 3-NltroaDl11nl 99-0'-2 '0 1600

I69. AClaaphthlDa 13-32-' 10 330

70. 2,4-D1D1tropbIDol 51-28-5 50 1600
71. 4-MltrophlDol 100-02-7 50 1600 I72. Dlbeiliofuru 132-64-9 10 330
73. 2,4-D1D1Crocoluaae 121-14-2 10 330
74. Dl1ch1lphCbalace 14-66-2 10 330 I
7'. 4-eh1orophID11-phID11

ethlr 700'-72-) 10 330
76. fluoriDe 86-73-7 10 330 I77. 4-MlcroaD111ne 100-01-6 50 1600
18•• ,6-Dln1tro-2-..chylphIDol H4-'2-1 '0 1600

~

79. M-nlcroaodlphIDy1aa1De 16-30-6 10 330 I
80. 4-lrOllo,heD11-phID111Char 101-SS-) 10 330
11. lleucll1orobeDiIDa 1l'~74-1 10 330

I82. 'IDcachlorophlnol '7-86-' 50' 1600
83. PblnaDchrea. 85-01-1 10 330
'4. ADchracIDa 120-12-7 10 330.

I.,. Dl-a-but11phchalatl '4-74-2 10 330
86. flUOullchlDe 206-44-0 10 330
'7. Pyreu ·U9-ocM) 10 330 I••• lutylbeDl11phchalaca .,-61-7 10 )30
a9~ 3,3'-Dlchloroben.ldloa '1-94-1 20 660

90. IIDlo(a)aDchracloa - 56-'''3 10 330 I91. Cbryll. 211-01-9 10 330
92. bl.(2-ICh11he.,1),bchalace 117-11-7 10 330
93. Dl-a-octyl,hCbalaCe 117-'.-0 10 330 I94. IIDloU.)fluorutba. 20'-'9-2 10 330

. I
I
I

(cOGtinuld)

I
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bMadlua Soll/S.dl..nc Contract lequlr.d Quantltatlon Lla1t. (ClQL) tor S.a1­
Volatll1 TCL Coapound. ar. 60 tl... cbl lndlvldual Low Soll/Sldl..nc CRQL •

•Specific qu.ntlt.clOD 11a1t••r. hl.hly ••trl. d.p.nd.nc. Th. qUlntlc.tlon
l1a1t. 11.cld her.ln ar. provld.d tor auldanc. and ..y noC alva,. be achlevable •

••Quantit.tlon 11.ita 11.t.d for .011/••dl..nc arl ba••d on v.C vll.bc. Thl
quantic.cion lia1t. calculat.d by the laboracor, for .oll/••dl..nc. calculaced
n dry vel.ht baaia a. rlqulrld by ch. contract. vill be hl.ber.

330
330
330
330
330

Quantltatlon Ll.lt•••

10
10
10
10
10

W.c.r Low S 11/Sedl..nt D
ul/L UI/Kc

207-01-'
50-32-1

193-39-'
53-70-3

191-24-2

CAS Numbers.a1volacU..

95. a.nzo(k)f1uoranth.n.
96. Benz 0(.)pyr.n.
97~ Ind.no(I.2.3-cd)pyr.n.
98. Dlb1nz( ••h).nthr.c.n.
99. Benao(•• h.l)p.ryl.D.·

II
I!
II
II
II
II
II
II
II
fl
II
I
I
I
I
I

I
I·
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T.r,.c Coapound Li.c (teL) .nd
Contr.cc Requir.d Ou.neie.tlon Lla1c. (CIQL).

gu.atlC.Clon Lia1ta ••
Waur Low SolI/S,dim,neC

, ..Ueidu/PCI. CAS Nwaber uIIL uI/Kc

100. alph.-lHe 319-84-6 0.0' 1.0
101. beu-IHC 319-.,-7 0.0' 1.0
102. d.lc.-lHe 319-16-1 0.0' 1.0
103. .....-.ac (Llnd.a.) 51-19-9 0.0' 1.0
104. a.pcachlor 76-44-1 0.0' 1.0

10'. A,14rh 309-00-2 0.05 1.0
106. I,pe.chlor ,poxld. 1024-)7-3 0.0' 1.0
107. !ado.ulf.a 1 959-98-1 0.05 1.0
101. 01tldr1a 60-57-1 0.10 16.0
109. 4,.'-DOI 72-55-9 0.10 16.0

110. !ndrla 72-20-1 0.10 16.0
111. ladOl\llf.a 11 33213-6S-' 0.1.0 16.0
112. 4,4'-000 72-'4-1 0.10 16.0
113. IndOlulf.n .ul~.c. 1031-0'-1 0.10 16.0
114. 4,4'-DDT '0-29-' 0.10 .16.0

11'. M.thoKYchlor 72-43-' 0.' 10.0
116. IDdrlD k.ton. '34'4-70-' 0.10 16.0
117. alpha-ehlord.ae '103-71-' 0.' 80.0
Ill......-ehlord.ne S103-74-2 0.' 10.0
119. Toxaph.ne 8001-35-2 1.0 160.0

120. Aroclor-1016 1267'-11-2 O.S 80.0
121. Aroclor-1221 11104-21-2 O.S 80.0
122. Aroclor-1232 11141-16-5 O.S 80.0
123. A,roclor-1242 '3469-21-t 0.' 80.0
124. Aroclor-1241 12672-29-6 0.' 80.0

12'. Aroclor-12S4 1109'-69-1 1.0 .160.0
126. Aroc1or-1260 11096-12-' 1.0 160.0

Cit.d1_ SOUJS.d1MDC CI)ClU'.cc lequir.d QuaDc1caUoe Lieu (ClQL) for "Uic1d./PCI
tCL ca...aa .n IS U ... ch. lDd191dual LClIW So11/Sed1MDc C1QL.

·Speclflc qu.nCltaCloa lia1C••r. bJ,hl, ..crta d.p.nd.Dc. Th. qu.ntltac10D
lla1t1 li.t.d h.r.1n ar. provid.d for auld.ac••ad .., DOC alva,. be
ach1l.ab1••

**QuaaCicaclon lia1t. lilt.d for .oil/a.dl.-ftc ar. ba.ed on v.~ v.l,hC. Th. quan­
titaclon Lla1ta calcul.e.d b, ch. laboracory for lotl/••di..nc, c.lculae.d on dry
v.t,hc bal1. AI requir.d b, Ch. concract, vill be bJ,h.r.

1/17 la••
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APPENDIX A

ENGINEERING FIELD MANUAL
FOR CONSERVATION PRACTICES

U.S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
THIRD PRINTING JUNE 1979

pp 4-9 to 4-19

THE UNIFIED SOIL CLASSIFICATION SYSTEM

General

The Unified Soil Classification System is used by the Soil Conservation
Service in classifying soils for engineering purposes. This system is based
on the identification of soils according to their particle size, gradation,
plasticity index and liquid limit. (ASTM D 2487, D 2488). Gradation and par­
ticle size are determined by sieve analyses. Plastic and liquid limits are
determined by standard methods of laboratory testing. (ASTM D 423 and D 424).



Coarse Materials

SYMBOCS

U. S. sieve sizes are used in separating some classes of materials
from others. The important sieves and the size of their openings are:

The Unified System. which is based on the minus 3-inch fraction of
the material. uses letters as symbols of the soil's properties. The soil
properties and the letters that represent them are listed below.
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Organic - 0
Peat - Pt

High Liquid Limit - R
Low Liquid Limit - L

Clay - C
Silt - M

Sieve sizes and size of openingsTable ..

Well Graded - W
Poorly Graded - P

Gravel - G
Sand - 5

Materials With Less Than 5 Percent Fines
If less than 5 percent of the total sample by dry weight is fines,

there is ·not enough of these fines to affect its engineering properties.
In this case. only the characteristics of the coarse portion are important

Coarse material. is subdivided into sand and gravel by the #4 sieve.
If 50 percent or more of the coarse portion of the material by dry weight
is retained on the #4 sieve. the material is classified as a gravel. If
more than 50 percent passes the #4 sieve. it is classified as a sand.

u. S. Standard Size of Opening Size of Opening
Sieve Sizes in mm. in inches

3" -- 3"
3/4" -- 3/4"
#4 4.76 1/4" (Approx.)
#10 2.00 --
#40 0.42 --
#200 0.074 --

Soils are divided into coarse materials or fine materials by the
#200 sieve. If more than 50 percent of the material, by dry weight, is
larger than the #200 sieve, it is a coarse material. If 50 percent or
more will pass the #200 sieve. it is a fine material.

BASIC MATERIAL BREAKDam

Soils are placed in groups having similar engineering properties
according to their behavior characteristics. Each group is delineated
by two of the above characteristics. The most important engineering
characteristic of this group is listed first and the next most impor­
tant. second.
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and the fines may be ignored in classifying the material. The classifica­
tion as ,sand or gravel is the material's primary characteristic.

The secondary. characteristic of material with less than 5 percent
fines is its gradation (range of particle sizes). The saterial may con­
sist predominantly of only one size of material; a mixture of coarse and
fine materials with the intermediate sizes missing; or a mixture consist­
ing of some of every size of particle. Materials in the first two groups
are classified as poorly graded and those in the last group as well graded.
The range of particle sizes may be obtained by shaking the sample through
sieves. The results when plotted on a grain size distribution graph (see
Figure 4-4) and analyzed will meet the following criteria if the material
is well graded.

Gravels are well graded under the criteria of the Unified Classifica­
tion System when:

Cu = D60 'is greater. than 4, and
DIO

Cc ~ {O30)2 lies between I and 3.
DIO x D60

Sand are well graded when:

Cu = D60 is greater than 6, and
DIO

C = (030)2 lies between I and 3.
c DIO x D60

Where:

Cu = Coefficient of uniformity

Cc = Coefficient of curvature

D = Diameter of particles determined bya sieve or hydrometer
analysis

D60, DIO, D30 = Diameter of particles such that 60 percent,
10 percent and 30 percent of the sample is
smaller than that diameter. It is also the
diameter read from a grain size distribution
graph opposite 60, 10 and 30 percent finer by
dry weight, respectively.

Both conditions (Cu and Cc ) must be fulfilled in order to have a well
graded soil. If one or both of the conditions are not fulfilled, the soil
Is poorly graded.
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Some materials can be classified by visual inspecti n of the graph•
When their plot is 'smooth and has concave curvature upwards between the
10 percent and 60'percent lines on a grain size distribution graph, they
are well grad~d.

,All other combinations of material with less than 5 percent fines
are poorly graded.

There are four classifications of coarse materials where the percent
of fines is less than 5 percent. They are well graded, gravels (GW), poor­
ly graded gravels (GP), well graded sands (SW), and poorly graded sands
(SP).

Classifications of the coarse materials described above are based on
sieve analysis only.

Materials With 12 to 50 Percent Fines
If the soil is a coarse material (either sand or gravel) but has a

fines content of from 12 to 50 percent, the behavior characteristic of the
portion smaller than the 140 sieve will determine the secondary character­
istic of the material. If this portion of the material is clayey (can
readily be molded), the material is coarse grained with clayey fines. If
not, it is coarse grained with silty fines. To determine whether the ma­
terial is classed as clay or silt, the'plastic limit and liquid limit are
measured.

A Plasticity Chart, Figure 4-5, is made with the LL as the abscissa
and PI as the ordinate. On this chart, a line known as the "A" line has
been plotted such that it lies approximately parallel to the plot of many
basic geologic materials and originates at PI = 4. LL = about 25. For
purposes of classification. all materials that plot above this line are
designated as clay and all that plot below as silt. A small (cross
hatched) area having a PI between 4 and 7 percent extending from the "A"
line toward zero percent LL has a special dual designation and may be con­
sidert!d as an extension 'of the "A" line in separating materials.

There are four breakdowns of coarse materials where the percent of fines
is over 12 percent. They are gravels with clayey fines (GC), gravels with
silty fines (GM), sands with clayey fines (SC), and sands with silty fines
(SM) •

Materials With 5 to 12 Percent Fines
Materials with a fines content between 5 and 12 percent do not have

separate classification breakdowns. They have a dual classification which
consists of both the zero to 5 percent and the over 12 percent groups. The
dual classification means that the material is borderline in its most sig­
nificant engineering characteristics.

Fine Materials

Material is designated as being fine when 50 percent or more by
weight passes the 1200 sieve.



Clay r Silt
Plasticity is the most important engineering property of a fine

grained soil. Therefore a fine grained material is classified first ac­
cording to its plasticity.

The plasticity of the fine grained soils is determined on that por­
tion of the soil which passes the #40 sieve. The material whose plot of
the liquid limit and plasticity index falls above the "A" line (Figure 4-5)
is classed as a fine grained clayey material. If it plots below the "A"
line the material is classed as a Hne grained silty material.

Under the Unified Classification System, "clay" or "clayey" is desig­
nated as any material that plots above the "A" line. "Silt" or "silty" is
any material that plots below the "A" line. The break is the "A" line and
is based on the PI.

Hl~h or Low Liquid Limit
. The second most important characteristic in classifying fine grained

material is its liquid limit.

Soil that has a liquid limit over 50 has a high liquid limit and may
be either a clayey or silty high liquid limit material. Soil that has a
liquid limit less than 50 has a low liquid limit and may be either a
clayey or' silty low liquid limit material.

There are four breakdowns of fine grained materials: Clayey material
with low liquid limit (CL), clayey material with high liquid limit (CH),
silty material with low liquid limit ~) and silty material with high
liquid limi t (KH).

Organic Material

Materials containing a large percent of organic matter usually can be
identified by their color and odor. The characteristics of organic mate­
rials are such that they have no easily definable boundaries. They are
poor construction materials and need special consultation from an engineer,
if used in construction. Some of these materials can be designated as
organics of high liquid limit and organics of low liquid limit when tested
by a laboratory. Fibrous organics that do not lend themselves even to
laboratory tests are called peats. There are three breakdowns of organics:
Organics with high liquid limit (OH), organics with low liquid limits (OL)
and peats (Pt).
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SUMMARY

Figure 4-6 gives the basic outline of the Unified Classification
Sy'stem.

The Unified Classification System has several outstanding features:

1. It is simple. There are 12 materials with which techicians are
normally concerned--four coarse grained materials, four fine
grained materials and four combined materials. In addition,
there are three organics that ,require special attention, 15 in
all.

2. It provides important physical characteristics, such as size,
gradation, plasticity, strength, brittleness, consolidation
potential, etc.

3~ It is reliable. Engineering properties inferred by the classi­
fication are realistic.
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APPENDIX D

RESUMES



Initial Assessment Studies to identify possible con­
tamination resulting from past practices at military in­
stallations.

Assessment of groundwater contamination from a
municipal landfill in the Atlantic Coastal Plain including
aquifer simulation to determine migration Hi, 20 and 30
years in the future.

Hydrogeologic assessment of a multi-source military in­
stallation. The project includes groundwater modeling
for the installation and for areas outside the installation
in conjunction with State and Federal agencies.

Design of monitoring systems for a large industrial com­
plex in Montana.

Assessment of regulatory requirements for hazardous
waste lagoon closure in over forty states.

Assessment and analysis of emerging trends in ground­
water research as applied to the utility industry.

Preparation of EPA Remedial Action Master Plans for
five uncontrolled hazardous waste sites.

Principal investigator for geology, soils and ground­
water portion of an Environmental Impact Statement for
the decontamination of a radioactive waste disposal
site in Canonsburg, Pennsylvania.

Project manager and principal investigator on clean-up
of a site contaminated by pharmaceutical wastes in
New Jersey.

Project manager and principal investigator for
assistance in EIS preparation for five synthetic fuel
plants in east-central United States.

Evaluation of environmental impact and operation of 23
municipal landfills in the Atlantic Coastal Plain.

Hydrogeologic investigations at mine sites prior to, dur­
ing and after mining operations in Illinois.

Hydrogeologic investigations to determine site
suitability for landfills, sewage sludge disposal, spray ir·
rigation and industrial waste disposal.

Principal investigator on a dredge material disposal site
feasibility study for Interstate Division for Baltimore Ci­
ty. This project was conducted to evaluate the feasibility
of specific sites for disposal of 5 million cubic yards of

Katherine A. Sheedy

WESTON

University of Delaware

Employment History

Key Projects

Preparation of RCRA Part B permit application for
facilities in the Midwest and on the West coast.

Credentials

B.A.-Queens College, CUNY (1969)

M.S., Geology-University of Delaware (1975)

American Geophysical Union

Geological Society of America

National Water Well Association, Technical Division

1974·Present

1972-1974

Experience Summary

Fields f Competence

Geologic investigation and site evaluation; environmen­
tal impact assessment, quantitative and qualitative
groundwater analysis, design of groundwater monitor­
ing systems.

Nine years experience in geological investigations in·
eluding environmental impact analysis in geology,
groundwater, and soils; hydrogeologic investigations of
hazardous waste sites, preparation and delivery of ex­
pert testimony; assessment and mitigation of low·level
radioactive contamination of groundwater and soils;
migration of low-level radioactive contamination of
groundwater and soils; migration of radionuclides in
groundwater; site stability in limestone terrains;
development of evaluation criteria for site search and
selection projects; pre·mine opening hydrologic in­
vestigations for surface and underground coal mines;
development of clean-up strategies for hazardous and
radioactive waste disposal sites; Environmental Impact
Statement preparation and review; site suitability in·

.vestigations of waste disposal facilities for industrial
and residential developments.I
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material dredged from the Fort McHenry Tunnel in
Baltimore. The evaluation included examination of
costs, engineering feasibility, site stability, impact on
biology and groundwater and ultimate use of the site as
an inner-city park.

Supervision of an investigation to determine ground­
water quality, delineate the extent of groundwater pollu­
tion and develop a groundwater-quality management
program for a six-county area. Evaluated the adequacy
of existing- groundwater-quality standards and in­
teracted with regulatory agencies.

Evaluation of groundwater quality, quantity and
facilities; impact on groundwater for sites in semi-arctic
environments and within the Columbia River Basin Pro­
ject area.

Environmental assessment for a 200,000-BPCD refinery
on a semi-arid island with extensive groundwater use in
the West Indies.

Evaluation of structural stability problems in limestone
solution area in Pennsylvania.

Supervision of a leachate collection system and ground­
water monitoring program for an industrial landfill.

Investigation of potential sources of petroleum product
found to be discharging through the subsurface, at the
shore of Lake Erie.

Development of a state-of-the-art study and environmen­
tal analysis of the geothermal steam industry.

Publications

Sheedy, K. A., 1979, "Three-Phase Approach to Deter­
mination of Site Stability in Limestone". Presented at
Association of Engineering Geologists 1979 Annual
Meeting, Chicago, Illinois.

Sheedy, K. A., Schoenberger, R. J., Haderer, P., Dovey,
R., 1979, "Solid Waste Disposal in the Coastal Plain: A
Case S~udy." Presented at Association of Engineering
Geologists 1979 Annual Meeting, Chicago, Illinois.

Sheedy, K. A., Leis, W., Thomas, A., 1980, "Land Use in
Limestone Terrain, Problems and Case Study
Solutions". In Applied Geomorphology, (The "Bingham­
ton" symposia; 11) George Allen and Unwin, 1982.

Sheedy, K. A., Leis, W. Bopp, F., Anderson, J., "Use of
Ground Penetrating Radar in Limestone Terrain".
American Geographer~ Association, 1981.

Sheedy, K. A., "Methodology for the Selection of Low­
Level Radioactive Waste Disposal Sites". American
Nuclear Society, 1982.
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Professional Profile

Employment History

Alan H. Tamm, C.P.G.S.

WESTON

Alan H. Tamm, C.P.G.S.

Bracken Exploration Company

Buckeye Petroleum Corporation

Hunt Energy Corporation

Texas International Petroleum Corp.

Intercontinental Energy Corp.

1988-Present

1985-1987

1982-1985

1981-1982

1980-1981

1977-1980

1974-1976

Key Projects

State of Oklahoma Water Resources Board, Enforcement
Branch-Hydrogeologic analysis of over 30 groundwater/sur­
face water pollution sites. Determined nature and extent of
hazardous compounds in the soil and groundwater. Assessed
human and environmental impact. and helped in the develop­
ment of cost-effective solutions to reduce or mitigate the
potential effects.

Lance Ruffel Oil and Gas-EvaJuated extent of oil contaminants
in fractured rock. rock characterization for porosity. permeabili­
ty, and contaminant containment.

Modeled groundwater flow and transport of hydrocarbon con­
taminanats at eight specific sites within a regional USDW.

Hydrologic and geochemical evaluation of a potential
underground source of drinking water historically con­
taminated by underground injection.

Monitored drilling waste disposal pits for contaminant migra­
tion in fractured media.

Evaluated geochemical and hydrogeologic constraints on a
proposed waste recycling process. Provided site selection
criteria and hazard delineation and analysis of applicable
state and Federal regulations.

Fluid-flow modeling in a subsurface aquifer containing
radionuclides and hazardous material.

Site evaluation of hydrocarbon-bearing aquifers utilizing
hydrologic, geophysical, and geological techniques. This in­
cluded parameter mapping (permeability, porosity, fluid
character, etc.), cross-section preparation, and environmental
reconstruction.

Cr d ntials

Experience Summary

Geological, hydrogeological, geochemical, and geophysical
site characterization. Planning, managing, conducting, and
reporting of field investigations; sub-surface stratigraphic and
structural interpretation of sites; evaluating potential ground­
water problems; and groundwater modeling. Field sampling,
detection and abatement of groundwater pollution, digital
modeling of groundwater flow and solute transport, super­
vision of drilling, logging, installation, and sampling of monitor
wells. Geophysical data interpretation. Economic analysis of
projects.

Registration'

FI Ids of Competence

Certified Professional Geological Scientist, American Institute
of Professional Geologists.

Certified Water Laboratory Technician in the State of
Oklahoma.

Bachelors of Science-Brooklyn College, New York (1974)

Master of Arts in Geology-Brooklyn College (1977)

American Institute of Professional Geologists

Society of Petroleum Engineers

Association of Ground Water Scientists and Engineers

Geological Society of America

American Association of Petroleum Geologists

Twelve years experience in hydrogeology and geochemistry,
involving such activities as: assessment of subsurface water
and soil contamination; development of contamination pro­
files; evaluation of remedial actions for groundwater quality
restoration; quantitative chemical analysis of water and soil;
petroleum fluid behavior analysis and evaluation; ore-assay
and ore-body evaluation; drilling supervision; hydrogeologic
assessment; pollution detection and abatement; application
of flow and solute transport computer models; computer pro­
gramming; project management.
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Professional Profile

Credentials

Employment History

WESTON

Chester County Health Department,
Public Health Laboratory

Nalco Chemical Company

West Windsor-Plainsboro
High School

microbiological-analysis'of streams, drinking water, and
domestic and industrial wastewater using EPA and
APHA Standard Methods of Analysis. Methodology in­
cludes wet methods of analysis, AA, GC, Auto Analyzer,
and TOC.

Courtroom experience at local and Federal levels with
regard to laboratory analyses.

Dianne S. Therry

B.S., Chemistry Education-West Chester State Col·
lege (1974), ACS Accredited Program.

Post-graduate courses in priority pollutants techniques
of analysis; gas chromatography; water microbiology;
toxicology; geochemistry; geological field studies;
physics of the atom. Refresher courses in AA and GC.

Certified by EPA and the State of Pennsylvania to per·
form and supervise water microbiology.

American Chemical Society, Philadelphia Local Section,
Division of Environmental Chemistry

Remedial Response Health and Safety Training Course
(1985)

Project Management Course (1985)

Winter-Summer
1977

1974-1976

Developed, implemented, and coordinated a system for
the assembly and audit of QA deliverable packages for
the EPA Contract Laboratory Program, including com­
pilation of a standard practices manual and training of
personnel.

1982·Present

1977-1982

Key Projects

Experience Summary

Laboratory QA/QC development and implementation;
data management coordination, including quality
assurance and quality control procedures; identification
and quantification of chemicals through the use of in·'
strumental arid wet methods of analysis; chemical and
microbiological analysis of potable, surface, and
wastewater.

Audit of laboratory fate-and-effect studies to ensure
conformance to EPA·Good Laboratory Practices for
regulated substances. Data validation of
organic/inorganic analyses for hazardous substance list
compounds. Technical audits of the analytical
laboratory to evaluate laboratory performance facilities,
and conformance to client program requirements.
Development, implementation, and management of
laboratory quality assurance and quality control pro­
grams.

Fields of Competence

Documentation of major contract laboratory projects for
government agencies, including USATHAMA and EPA.
Data validation for the U.S. EPA - Contract Laboratory
Program. Client/agency audits of the WESTON
laboratories and required audit response with laboratory
management. Coordinate functions for application/
maintenance of laboratory licenses and certifications,
including participation in interlaboratory performance
evaluation audit studies. Internal QA/QC audits of
WESTON laboratories to monitor and evaluate ongoing
QA programs.

Laboratory QA/QC requirements including compilation
of analytical lab SOP's and maintaining and updating
the lab QA/QC Manual; conducting laboratory audits,
maintenance of certification records and requirements.

As Data Management Coordinator: track sample status
from log-in through final reporting and sample disposal;
prepare lab QA samples and subsequent performance
reports; interface with clients and regUlatory agencies
for monitoring/auditing purposes.

Analysis of process and industrial waters; quality con­
trol checks of water treatment chemicals; chemical and
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Principal Investigator of groundwater modeling of
Uranium Mill Tailings Remedial Action projects.

Water quality modeling Task Leader of EPA Needs
Survey Project.

Project Manager of water quality modeling and
wasteload allocation state-wide projects in: Arkansas
and Louisiana; South Fork, Shenandoah and Quail Run
in Virginia; Muskingum and Scioto Rivers in Ohio; and
Kennebunk Estuary in Maine.

Project Manager for waste heat management modeling
in Scioto and Muskingum Rivers for Columbus and
Southern Ohio' in Great Egg Estuary for Atlantic City
Electric Co.; a~d in Delaware Estuary for Public Service
Electric and Gas Co.

Project Manager for the Army Corps of Engineers proj­
ect on evaluation of Buffalo water systems. Evaluated
technical, institutional and financial aspects of the Buf­
falo water system. Rehabilitation need, cost and short­
fall identified.

Principal investigator and project manager for National
Science Foundation research project on alternative
technologies for small water systems.

Principal investigator and project manager for National
Science Foundation research project on water reuse
and conservation for urban water management. Con­
ducted several national workshop-seminars on water
reuse and dual water supply.

Principal systems engineer for several 208 Areawide
Wastewater Planning and Management projects.
Responsible for point and nonpoint source analysis in­
volving the use both of, mathematical models and of
hand-calculation techniques.

Developed mathematical models for optimization of
water distribution systems. Project manager of Water
Distribution System Analysis Project for the City of
Laconia, North Conway, New Hampshire and the City of
Valparaiso, Florida.

Principal Systems Engineer on complex thermal-plurt:le
modeling studies for the Atlantic City Electric Company
and the Columbus and Southern Ohio Electric Com­
pany.

Publications

Has presented or published over 80 technical papers.
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Professional Profile

Credentials

Employment History

Key Projects

Judith L. Stone

Project Manager of two-year analytical contract with
New York State Department of Environmental Conserva·
tion. Coordinator between laboratory and numerous
client personnel in scheduling sample receipt. Monitor
sample status and reporting.

Laboratory coordinator and central communications
person for Air Force tasks. Coordinate sampling and
analysis schedule with task managers and laboratory
personnel. Monitor analytical progress and data reporting.

Program Manager for U:S. EPA·CLP dioxin IFB and SAS.
programs. Scheduled sample receipt and analysis.
Reviewed data, prepared reports, submitted billing infor­
mation to accounting and supervised document control.
Prepared Standard Operating Procedures for the dioxin
and IFB projects.

Project Manager for two-year contract with U.S. Army
Corps of Engineers district for sampling and analysis in
the Great Lakes. Scheduled tasks with client, prepared
invoices, monitored labor costs and prepared data
reports.

Data Manager and Project Coordinator for U.S. EPA Ef­
fluent Guidelines Division contracts for organics,
plastics, rubber and timber industries. Developed
laboratory record-keeping system including chain·of·
custody, work request, extraction records and sample
log forms. Revised company sampling manual for Con­
solidated Permits Program.

Laboratory Project Manager for USATHAMA multi­
installation contract. Supervised preparation and ship·
ment of sample bottles, receipt of samples. Monitored
scheduling of sample analysis and tracked sample flow.
Reviewed inorganic and organic data. Supervised
laboratory certification, established and maintained
quality control charts to monitor compliance with
client's QA program. Wrote analytical sections of pro­
posals, reports, QA and technical plans.

WESTON

Envirodyne Engineers, Inc.

Chilton Publishing

Dickinson College

Project management and data management for analytical
projects, including U.S. EPA Contract Laboratory Organics
Program, U.S. EPA-CLP dioxin program, USATHAMA IRP
program management, quality assurance/quality control.

Experience Summary

Fields of Competence

Twelve years of environmental analytical experience as
a chemist, data manager, project manager and senior
project scientist. Coordinate USATHAMA and U.S. Air
Force installation restoration with field and laboratory
personnel, monitor sample schedules, track samples
and data, interface with client, maintain quality control
charts. Project coordination for state and Federal CLP
programs. Experience as project manager on U.S. EPA
dioxin programs for Eastern Missouri cleanups.
Preparation of Standard Operating Procedures, QC
plans; development of sample tracking and chain·of­
custody systems.

Additional experience includes monitoring laboratory
QC procedures and supervising analysis of audit
samples. Preparation of client reports.

B.S., Chemistry-Dickinson College (1973)

American Chemical Society

Association of Official Analytical Chemists

1986·Present

1974-1986

1973-1974

1969·1973
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Table E-1

II IIi 11'_ III

Analytical Results for Surfac Water Sampl s
Coil ct d in July 1986 -- Sit 2,

NWS Earle, Colts Neck, NJ

Sample Number Regulatory
Arialyte 2-A (1st hour) 2-A (6th hour) 2-A (blank) Limi t

Total organic halogens (ug/l) 40.0 35.0 NR NRC
Total organic carbon (mg/l) 4.13 4.13 NR NRC
Nitrate/nitrite (mg/l) 1.0 (1.0)** 1.0 NO NRC
Base/neutral/acid compounds (ug/l) NO NO NR NRC
Explosives:

HMX (ug/l) NO NO NO NRC
ROX (ug/l) NO NO NO NRC
2,4,6-TNT (ug/l) NO NO NO NRC
Nitroglycerin (mg/l) NO NO NO NRC
Picric acid (ug/l) NO NO NO NRC

Soluble metals (mg/l):
Sb ND NO NR NRC
As NO NO NR 0.050
Be NO NO NR NRC
Cd NO NO NR 0.010
Cr o .016 0.017 NR 0.050
Cu 0.021 0.022 NR NRC
Pb 0.014 0.014 NR 0.050
Hg NO NO NR 0.002 I
Ni 0.04 0.04 NR NRC
Se NO NO NR 0.010
Ag NO NO NR 0.050
Tl NO NO NR NRC
Zn 0.018 0.045 NR NRC

pH (lab measured) 4.20 4.20 NR
'Chloride (mg/l) NO NO NR NRC
Specific conductance (umho/cm) 36.1 35.8 NR NRC

NO Not detected
NR Analysis not requested
** Duplicate sample
NRC No specific regulatory concentration

E-l

6575B



Table E-2

Analytical Results for Groundwater Samples Coil ct d in July 1986 -- Sit 2,
NWS Earle, Colts Neck, NJ

Sample Number Regulatory
Analyte 2-1 2-1B 2-2 2-3 2-4 Limit

Total organic halogens (ug/L) 20.0 1.00 35.0 18.0 27.0 NRC
Total organic carbon (mg/L) 2.39 1.58 2.25 4.12 2.25 NRC
Nitrate/nitrite (mg/L) NO NO NO 0.70 0.20 10
Base/neutral/acid compounds (ug/L) NO NO NO NO NO 100
Explosives:

HHX (ug/L) NO NO NO NO NO NRC
ROX (ug/L) NO NO NO NO NO NRC.
2,4,6-TNT (ug/L) NO NO NO NO NO NRC
Nitroglycerin (mg/L) NO NR NO NO NO NRC
Picric acid (ug/L) NO NO NO NO NO NRC

Soluble metals (mg/L):
Sb NO NO NO NO NO NRC
As NO NO NO NO NO 0.050
Be NO NO NO NO NO NRC
Cd NO NO NO NO NO 0.010
Cr 0.023 0.014 NO NO NO 0.050
Cu 0.024 0.014 NO NO NO NRC
Pb NO NO NO NO NO 0.050
Hg NO NO NO NO NO 0.002
Ni 0.03 0.04 NO NO NO NRC ISe NO NO NO NO NO 0.010
Ag 0.004 NO NO NO NO 0.050
Tl NO NO NO NO NO NRC
Zn 0.016 NO 0.03 0.04 0.02 NRC

pH 5.10 6.10 4.90 4.80 4.90
pH* 5.3 NR 7.0 5.2 6.8
Chloride (mg/L) 7.00 NO 8.60 5.00 7.60 NRC
Specific conductance (umho/cm) 40.6 1. 12 50.1 47.2 38.6 NRC
Specific conductance* (umho/cm) 40 NR 40 40 30 NRC
Temperature (OC) 20 NR 14 16 14 NRC

NO Not detected
NR Analysis not requested
* Field measured
A Duplicate sample
B Field blank

NRC No specific regulatory concentration

E-2
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Table E"':3

Summary of Analytical Requir m nts f r Soil and S diment
Analyses -- Site 2, NWS Earl , Colts Neck, NJ

No. of
Parameter Samples Dup/Rep Trip Blanks field Blanks Total Analyses

Nitrate/nitrite 3 0 0 0 3

Picric acid 3 0 0 0 3

Metals (TAL) 3 0 0 0 3

HMX 3 0 0 0 3

RDX 3 0 0 0 3

TNT 3 0 0 0 3

Nitrogl yceri n 3 0 0 0 3

I

E-3

6575B



Table E-4

Summary of Analytical R quir ments for Surface Wat rand Gr undwat r
Analyses -- Site 2, NWS Earle, Colts Neck, NJ

No. of
Parameter Samples Dup/Rep Trip Blanks Field Blanks Total Analyses

Nitrate/nitrite 8 1 0 1 10

Total organic halogens 8 1 0 1 10

Metals (TAL) 8 1 0 1 10

Volatile organic compounds 2 1 1 1 5

Total organic carbon 8 1 0 1 10

Semi volatile organic compounds 2 1 1 1 5

pH 8 0 0 0 8

Specific conductance 8 0 0 0 8

Nonmetal s (TAL) 2 1 0 1 4

HMX 8 1 0 1 10 -..
I

RDX 8 1 0 1 10

TNT 8 1 0 1 10

Nitroglycerin 8 1 0 1 10

Picric acid 8 1 0 1 10

• • •
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Table E-5

Analytical Results f r Groundwater Samples Coil ct d in July 1986 -- Site 3,
, NWS Earle, Colts Neck, NJ

Sample Number Regulatory
Analyte 3-1 3-2 3-3 3-3A 3-3B limit

Total organic halogens (ug/l) 2B.0 12.0 25.0 35.0 17.0 NRC
Total organic carbon (mg/l) 7.10 4.44 3.60 3.39 2.15 NRC

. Volatile organic compounds (ug/l) NO NO NO NO NO 10
Petroleum hydrocarbons (mg/l) 1.00 NO NO NO NO 1
Pesticides (ug/l) NO NO NO NO NO Compound specific
Nitrate/nitrite (mg/l) NO NO 0.20 NR NO 10
Base/neutral/acid compounds (ug/l) NO NO NO NO NO 100
Soluble metals (mg/l): NO NO NO NO NO

Sb NO NO NO NO NO NRC
As NO NO NO NO NO 0.050
Be NO NO NO NO NO NRC
Cd O.OOB NO NO NO NO 0.010
Cr 0.017 0.013 NO NO NO 0.050
Cu 0.015 0.016 NO NO NO NRC
Pb NO NO NO NO NO 0.050
Hg NO NO NO NO NO 0.002
Ni 0.05 0.05 NO NO NO NRC
Se NO NO NO NO NO 0.010
Ag NO NO NO NO NO 0.050
Tl NO NO NO NO NO NRC I
Zn 0.226 0.087 0.11 0.20 NO NRC

pH 2.90 3.80 4.70 NR 7.10 **
pH* 3.9 - 5.5 NR NR **
Chloride (mg/l) 8.80 5.80 7.80 NR NO NRC
Specific conductance (umho/cm) 609 103 54.3 NR 2.4B NRC
Specific conductance* (umho/cm) 290 100 40 NR NR NRC
Temperature (0C) 17 18 17 NR NR NRC

NO Not detected
NR Analysis not requested

* field measured
A Duplicate sample
B field blank

NRC No specific regulatory concentration
** pH standard for groundwater is a range between 5 and 9. Soil and water in the NWS Earle area commonly have

natural pH below the standard.
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Table E-6

Summary of Analytical Requirements f r Surface Water and Groundwat r
Analyses -- Sit 3, NWS Earle, Colts Neck, NJ

No. of
Parameter Samples Dup/Rep Trip Blanks field Blanks Total Analyses

Nitrate/nitrite 7 1 0 1 9

Total organic halogens 7 1 0 1 9

Metals (TAL) 7 1 0 1 9

Volatile organic compounds 7 1 1 1 10

Total organic carbon 7 1 0 1 9

Semi volatile organic compounds 7 1 1 1 10

pH 7 0 0 0 7

Specific conductance 7 0 0 0 7

PCBs 7 1 0 1 9

Nonmetals (TAL) 7 1 0 1 9
I

Pesti cides 7 1 0 1 9

E-6
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Tabl E-7

Analytical Results for Groundwater Sampl s
C II ct d in July 1986 -- Site 4,

NWS Earle, Colts Neck, NJ

Analyte

Total organic halogens (ug/L)
Total organic carbon (mg/L)
Volatile organic compounds (ug/L)
Petroleum hydrocarbons (mg/L)
Pesticides (ug/L)
Nitrate/nitrite (mg/L)
Base/neutral/acid compounds (ug/L):

Bis(2-ethy1hexyl) phthalate
Soluble metals (mg/L):

Sb
As
Be
Cd
Cr
Cu
Pb
Hg
Ni
Se
Ag
Tl
Zn

pH
pH~

Chloride (mg/L)
Specific conductance (umho/cm)
Specific conductance~ (umho/cm)
Temperature (OC)

NO Not detected
NR Analysis not requested
~ field measured

NRC No specific regulatory concentration

E-7

6575B

Sample Number Regulatory
4-1 4-2 4-3 Limi t

17 .0 18.0 17 .0 NRC
1.94 4.74 2.15 NRC

NO I NO NO 10
NO NO NO 1
NO NO NO Compound specific
NO NO NO 10

NO NO 100
53 NO NO

NO NO NO NRC
NO NO NO 0.050
NO NO NO NRC
NO NO NO 0.010
NO NO NO 0.050
NO NO NO NRC
NO NO NO 0.050
NO NO NO 0.002

IINO NO NO NRC
NO NO NO 0.010
NO NO NO 0.050
NO NO NO NRC

0.06 0.03 0.06 NRC
4.50 6.50 4.50
5.0 6.0 5.0
6.80 6.40 6.40 NRC

17.8 72.3 56.0 NRC
60 160 40 NRC
14 17 14 NRC



Tabl E-8

Summary of Analytical R quir m nts for Soil
Analyses -- Site 4, NWS Earle, Colts Neck, NJ

No, of
Parameter Samples Dup/Rep Trip Blanks field Blanks Total Analyses

Metals (TAL) 4 1 0 1 6

Total petroleum hydrocarbons 4 1 0 1 6

Total organic halogens 4 1 0 1 6

Total organic carbon 4 1 0 1 6

E-8
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Table E-9

== == =-=-
Summary f Analytical R quir ments for Surface Water and Groundwater

Analyses -- Site 4, NWS Earle, Colts Neck, NJ

Number of
~-_. -- -

Parameter Samples Dup/Rep Trip Blanks Field Blanks Total Analyses

Total organic halogens 7 1 0 1 9

Metals (TAL) 1 1 0 1 3

Volatile organic compounds 7 1 1 1 10

Total organic carbon 7 1 0 1 9

Semivolatile organic compounds 9 1 1 1 12

pH 9 0 0 0 9

Specific conductance 9 0 0 0 9

PCBs 1 1 0 0 2

Nonmetals (TAL) 1 1 0 0 2
~[

Pesticides 1 1 0 0 2 I
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Tabl E-10

Analytical R suits for Groundwat r Sampl s Coil cted In July 1986 -- Sit 5,
NWS Earle, Colts N ck, NJ

Analyte Sample Number Regulatory
5-1 5-1B 5-2 5-3 5-4 Limit

Total organic halogens (ug/l) 241 NR 68.0 41.0 29.0 NRC
Total organic carbon (mg/l) 6.44 NR 1. 18 7.45 4.85 NRC
Volatile organic compounds (ug/l):

Methylene chloride 8J 420 8J 7J 5J
Acetone 110 5J 6J 12 NO
2-Butanone 12 7J 6J 8J 9J

Petroleum hydrocarbons (mg/l) NO NR NO NO NO 1
Pesticides (ug/l) NO NO NO NO NO Compound specific
Nitrate/nitrite (mg/l) NO NR NO 0.20 NO 10
Base/neutral/acid compounds (ug/l): 100

Pentachlorophenol 81 NR 10J 150 NO
Soluble metals (mg/l):

Sb NO NR NO NO NO NRC
As NO NR NO NO NO 0.050
Be NO NR NO NO NO NRC
Cd NO NR NO NO NO 0.010
Cr NO NR NO NO 0.019 0.050
Cu NO NR NO NO 0.022 NRC
Pb NO NR NO NO NO 0.050

IHg NO NR NO NO NO 0.002
Ni NO NR NO NO 0.04 NRC
Se NO NR NO NO NO 0.010
Ag NO NR NO NO NO 0.050
T1 NO NR NO NO NO NRC
Zn 0.017 NR 0.016 0.033 0.035 NRC

pH 4.25 NR 4.25 4.20 4.40
pH* 5.1 NR 4.5 5.0 5.1
Chloride (mg/l) 10.5 NR 9.80 13.7 8.60 NRC
Specific conductance (umho/cm) 72.3 NR 68.6 142 76.0 NRC
Specific conductance* (umho/cm) 50 NR 50 80 70 NRC
Temperature (OC) 16 NR 15 16 18 NRC

NO Not detected
NR Analysis not requested
* Field measured
A Ouplicate sample
B Field blank
J Estimated concentration less than quantification limits but greater than instrument detection limits.
NRC No specific regulatory concentration

E-l0
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Tabl E-11

Summary of Analytical Requirements for Surface Water and Groundwater
Analyses -- Site 5, NWS Earle, Colts Neck, NJ

No. of Trip Field Total
Parameter Samples Dup/Rep Blanks Blanks Analyses

Total organic halogens 8 1 0 1 10

Metals (TAL) 1 1 0 1 3

Volatile organic compounds 8 1 1 1 11

Total organic carbon 8 1 0 1 10

Semivo1atile organic compounds 8 1 1 1 11

pH 8 0 0 0 8

Specific conductance 8 0 0 0 8

PCBs 1 1 0 0 2

Nonmetals (TAL) 1 1 0 0 2

Pesticides 1 1 0 0 2

E-ll
6575B



*
A
B
J

NRC

Tabl E-12

Analytical R suits for Groundwater Samples Coil ct d in July 1986 -- Site 7,
NWS Earle, C Its Neck, NJ

Analyte Sample Number Regulatory
7-1 7-2 7-2B 7-3 Limit

Total organic halogens (ug/L) 23.0 lB.O 12.0 18.0 NRC
Total organic carbon (mg/L) 1.73 6.51 1.42 2.15 NRC
Volatile organic compounds (ug/L): NRC

Methylene chloride 7J 9J 11 6J
Acetone 22 380 141 NO

Petroleum hydrocarbons (mg/L) NO NO NO NO 1
Pesticides (ug/L) NO NO NO NO Compound specific
Nitrate/nitrite (mg/L) NO NO NO 0.20 10
Base/neutral/acid compounds (ug/L): NO NO NO 100

Oi-n-butyl phthalate 54 NO NO NO
Soluble metals (mg/L): NO NO

Sb NO NO NO NO NRC
As ·NO NO NO NO 0.050
Be NO NO NO NO NRC
Cd NO NO NO NO 0.010
Cr NO NO NO NO 0.050
Cu NO NO NO NO NRC
Pb NO NO NO NO 0.050
Hg NO NO NO NO 0.002
Ni NO NO NO NO NRC I
Se NO NO NO NO 0.010
Ag NO NO NO NO 0.050
Tl NO NO NO NO NRC
Zn 0.03 0.03 NO 0.09 NRC

pH 4.70 4.20 6.70 4.70
pH* 5.5 -- NR 6.0
Chloride (mg/L) 12.3 32.6 11. 1 NO NRC
Specific conductance (umho/cm) 63.3 235 1.23 90.6 NRC
Specific conductance* (umho/cm) 40 -- NR 60 NRC
Temperature (OC) 14 -- NR 16 NRC

NO Not detected
NR Analysis not requested

Field measured
Ouplicate sample
Field blank
Estimated concentration less than quantification limits but greater than instrument detection
limits.
No specific regulatory concentration

E-12

• • •
6575B

• .. • • • • • • • • • • • •• •



•••••••••• _ .
Table E-13

Summary of Analytical Requirements for Soil and S diment Analyses -­
Site 7, NWS Earl , Colts Neck, NJ

Parameter

Metals (TAL)

6575B

Number of
Samples

4

Dup/Rep

E-13

Trip Blanks

o

field Blanks Total Analyses

6
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Summary

Table E-14

f Analytical R quir ments f r Surface Water and Groundwat r
Analyses -- Sit 7, NWS Earl , Colts Neck, NJ

No, of
Parameter Sampl es Cup/Rep Tr;p Blanks F;eld BLanks Total Analyses

Total organ;c halogens 6 1 0 1 8

Metals (TAL) 9 1 0 1 11

Volat;le organ;c compounds 9 1 1 1 12

Total organ;c carbon 9. 1 0 1 11

Semivolat;le organic compounds 9 1 1 1 12

pH 9 0 0 0 9

Spec;f;c conductance 9 0 0 0 9

PCBs 1 1 0 1 3

Nonmetals (TAL) 1 1 0 0 2

PesUddes 1 1 0 0 2
~,

I

• • •
6575B
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Table E-15

Analytical Results f r Gr undwat r Samples Collected in JUly 1986 -- Site 10,
NWS Earl , Colts N ck, NJ

Analyte Sample Number Regulatory
10-1 10-2 10-2A 10-3 Limit

Total organic halogens (ug/l) 67.0 36.0 108 20.0 NRC
Total organic carbon (mg/l) 4.62 5.73 4.92 1.81 NRC
Volatile organic compounds (ug/l): 10

Methylene chloride 16 9J 14 9J
Acetone NO 7J NO 10
2-Butanone NO 10 NO 11

Petroleum hydrocarbons (mg/l) NO NO NO NO 1
Nitrate/nitrite (mg/l) 0.10 NO NO 0.10 10
Base/neutral/acid compounds (ug/l) NO NO NO NO 100
Soluble metals (mg/l):

Sb NO NO NO NO NRC
As NO NO NO NO 0.050
Be NO NO NO NO NRC
Cd 0.006 NO NO NO 0.010
Cr NO NO NO NO 0.050
Cu 0.03 NO NO NO NRC
Pb NO NO NO NO 0.050
Hg NO NO NO NO 0.002
Ni 0.014 NO NO NO NRC
Se NO NO NO NO -0.010
Ag NO NO NO NO 0.050
Tl NO NO NO NO NRC
Zn 0.09 1.01 0.82 0.08 NRC

pH 4.40 4.25 4.30 4.35
pH* 4.4 4.3 NR 4.0
Chloride (mg/l) 20.1 8.20 8.50 11.0 NRC
Specific conductance (umho/cm) 161 125 122 135 NRC
Specificconductance* (umho/cm) 140 105 NR 85 NRC
Temperature (OC) 13 16 NR 16 NRC

NO Not detected
NR Analysis not requested

Field measured
A Ouplicate sample
B Field blank
J Estimated concentration less than quantification limits but greater than instrument detection

1imi ts
NRC No specific regulatory concentration

E-15
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Table E-16

Analytical Results for Surfac Wat r Samples C Ilected in July 1986 -- Site 10,
NWS Earl , Colts Neck, NJ

Analyte Sample Number Regulatory
10-A (1st hour) 10-A (6th hour) 10-B (1st hour) 10-B (6th hour) Limit

Total organic halogens (ug/L) 10.0 15.0 43.0 29.0 NRC
Total organic carbon (mg/L) 3.93 4.03 4.34 4.85 NRC
Volatile organic compounds (ug/L) NO NO NO NO NRC
Petroleum hydrocarbons (mg/L) NO NO NO NO 1
Nitrate/nitrite (mg/L) NO NO NO NO 10
Base/neutral/acid compounds (ug/L): 100
N-nitrosodiphenylamine NO NO 31 30

Oi-n-buty1 phthalate NO 2J 70 42
Soluble metals (mg/L):

Sb NO - NO NO NRC
As NO - NO NO 0.050
Be NO - NO NO NRC
Cd NO - NO NO 0.010
Cr NO - NO NO 0.050
Cu NO -- NO NO NRC
Pb NO - NO NO 0.050
Hg 0.3 -- NO NO 0.002
Ni NO -- NO NO NRC
Se NO - NO NO 0.010
Ag NO -- 0.004 NO 0.050 I
Tl NO - NO NO NRC
In NO - NO NO NRC

pH 6.70 6.70 6.60 6.60
pH* NR NR NR NR
Chloride (mg/L) 6.80 7.20 7.20 6.80 NRC
Specific conductance (umho/cm) 74.6 78.8 81.6 81.3 NRC
Specific conductance* (umho/cm) NR NR NR NR NRC
Temperature (OC) NR NR NR NR NRC

NO Not detected
NR Analysis not requested
* Field measured

Sample not analyzed
NRC No specific regulatory concentration

6575B
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Tab I E-17

Summary of Analytical Requirements for Surfac Water and Groundwater
Analyses -- Sit 10, NWS Earle, Colts Neck, NJ

Number of
Parameter Samples Dup/Rep Td p Bl anks field Blanks Total Analyses

Nitrate/nitrite 8 1 0 1 10

Picdc acid 8 1 0 1 10

Total organic halogens 8 1 0 1 10

Metals (TAL) 2 1 0 1 4

TNT 8 1 0 1 10

Volatile organic compounds 2 1 1 1 5

Total organic carbon 8 1 0 1 10

Semi volatile organic compounds 2 1 1 1 5

pH 8 0 0 0 8

Specific conductance 8 0 0 0 8
5'Nonmeta1s (TAL) ? 1 0 1 4 I

HMX 8 1 0 1 10

RDX 8 1 0 1 10

Nitroglycerin 8 1 0 1 10

E-17
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Sample Number Oil and Grease (Method 413.3)
(mg/kg)

11-A
(6" - 9") 37,300
(2' - 2.5') 76.3

11-B
(6" - 9") 112
(2' - 2.5') 15.5

11-C
(6" - 9") 2.60

(2' - 2.5') 1. 75

11-D
(6" - 9") 8.20
(2' - 2.5') 3.70

Detection Limit "1.0

Oil and grease has no specific regulatory concentration.

6575B

Table E-18

Analytical Results for Soil Samples
Collected in March 1986 -- Site 11,

NWS Earle, Colts Neck, NJ

E-18
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Table E-19

Analytical Results f r Groundwater Samples Collected in July 1986 -- Sit 11,
NWS Earle, Colts N ck, NJ .

Analyte Sample Nymber Regulatory
11-1 11-2 11-2B 11-3 1.1-3A Limit

Total organic halogens (ug/l) 202 60.0 13.0 169 123 NRC
Total organic carbon (mg/l) 11.9 3.91 0.917 7.66 8.77 NRC
Base/neutral/acid compounds (ug/l): 100

Pentachlorophenol 120 NO ND ND ND
Oil and grease (mg/l) ND ND ND ND ND NRC
Nitrate/nitrite (mg/l) 0.30 ND ND ND ND 10
Explosives:

HMX (ug/l) ND ND ND ND ND NRC
RDX (ug/L) ND ND ND ND ND NRC
2,4,6-TNT (ug/l) ND ND 1.85 ND NR NRC
Nitroglycerin (mg/L) ND ND ND ND NR NRC
Picric acid (ug/l) ND NO ND ND ND NRC

Soluble metals (mg/l):
Sb ND ND ND ND ND NRC
As ND ND ND ND ND 0.050
Be ND ND ND ND ND NRC
Cd ND ND ND ND ND 0.010
Cr ND ND NO ND ND 0.050
Cu NO NO NO ND NO NRC
Pb NO ND ND ND ND 0.050 I
Hg ND ND ND ND ND 0.002
Ni ND ND ND ND ND NRC
Se ND ND ND ND ND 0.010
Ag ND ND ND ND NO 0.050
Tl ND NO NO ND ND NRC
Zn 0.03 0.07 0.010 0.06 0.04 NRC

pH 4.50 3.95 7.30 4.25 4.95
pH* 5.0 4.5 NR 4.7 NR
Chloride (mg/l) 6.20 9.60 ND 7.60 8.50 NRC
Specific conductance (umho/cm) 53.6 17.7 1. 78 64.6 63.7 NRC
Specific conductance* (umho/cm) 40 70 NR 50 NR NRC
Temperature (OC) 20 20 NR 18 NR NRC

ND Not detected
NR Analysis not requested
* Field measured
A Duplicate sample
B Field blank
NRC No specific regulatory concentration

E-19
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Table E-20

Summary of Analytical R quirem nts f r Soil and Sediment Analys s -­
Site 11, NWS Earle, Colt Neck, NJ

Parameter

Total petroleum hydrocarbons

65758

Samples

9

Cup/Rep

E-20

Trip Blanks

o

Field Blanks Total Analyses

11
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Summary

Table E-21

f Analytical Requir ments for Surfac Water and Groundwat r
Analys s -- Site 11, NWS Earl, Colts N ck, NJ

Number of
Parameter Samples Dup/Rep Trip Blanks field Blanks Total Analyses

Nitrate/nitrite 4 1 0 1 6

Metals (TAL) 1 1 0 1 3

Volatile organic compounds 4 1 1 1 7

Semi volatile organic compounds 1 1 1 1 4

pH 4 0 0 0 4

Specific conductance 4 0 0 0 4

HMX 4 1 0 1 6

RDX 4 1 0 1 6

TNT 4 1 0 1 6

Nit rogl yceri n 4 1 0 1 6

E-21
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Table E-22

Analytical Results for Soil samples Coil ct d in January 1986 -- Sit 19,
NWS Earl , Colts Neck, NJ

Sample Number

19-A
composite

19-B
composite

TOX
(ug/kg)

0.320

2.15

VOCs
(ug/kg)

Chloromethane
Acetone
2-Butanone
Dilution factor
Detect ion Li mit

Chloromethane
Methylene chloride
Acetone
2-Butanone
Dilution factor
Detecti on Limi t

3J
460

67
1.3

13

4J
12
14
7J
1.1

11

Petroleum
Hydrocarbons

(mg/kg)

NO

751

Pri ority
Pollutant

Metals
(mg/kg)

Ag <0.251
As 1.53
Be <0.637
Cd 26,800
Cr 59.6
Cu 4.84
Hg <0.285
Ni 1.4
Pb . 49.5
Sb <0.005
Se <0.637
Tl <0.251
Zn 289

Ag <0.222
As 4.53
Be <0.561
Cd 31,900 I
Cr 639
Cu 13.5
Hg <0.300
Ni 2.5
Pb 1,560
Sb 0.747
Se <0.637
Tl <0.222
Zn 776

NO Not detected
J Estimated concentration less than quantification limit but greater than instrument

detection limit.

E-22
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Tabl E-23

Analytical Results f r Surface Water Samples Collected in July 1986 -- Site 19,
NWS Earle, Colts Neck, NJ

Analyte Sample Nymber Regulatory
19-A (1st hour) 19-A (6th hour) 19-A (dup) 19-A (blank) 19-B (1st hour) 19-B (6th hour) Limit

Total organic halogens (ug/L) 65.0 9.00 29.0 NR 49.0 36.0 NRC
Total organic carbon (mg/L) 17 .3 30.0 17 .0 0.962 22.6 19.3 NRC
Volatile organic compounds (ug/L) NO NO NO NO NO NO NRC
Petroleum hydrocarbons (mg/L) NO NO NO NO NO 4.20 None detectable
Nitrate/nitrite (mg/L) NO NO NO NO NO NO
Base/neutral/acid compounds (ug/L) NO NO NO NO NO NO NRC
Soluble metals (mg/L):

Sb NO NO NO NO NO NO NRC
As NO NO NO NO NO NO 0.050
Be NO NO NO NO NO NO NRC
Cd NO NO NO NO NO NO 0.010
Cr 0.014 0.016 0.021 0.018 0.014 0.014 0.050
Cu 0.018 0.017 0.018 0.019 0.017 0.018 NRC
Pb NO NO NO NO NO NO 0.050
Hg NO NO NO NO NO NO 0.002
Ni 0.03 0.04 0.04 0.04 0.04 0.03 NRC
Se NO NO NO NO NO NO 0.010
Ag NO NO NO NO NO NO 0.050
T1 NO NO NO NO NO NO NRC
Zn 0.027 0.028 0.033 NO 0.122 0.014 NRC I

pH 5.20 5.20 5.10 6.00 4.80 4.80
pH* NR NR NR NR NR NR
Chloride (mg/L) 15.0 13.2 14.6 NO 14.6 13.8 NRC
Specific conductance (umho/cm) 56.6 53.7 55.6 1.03 61.9 55.2 NRC
Specific conductance* (umho/cm) NR NR NR NR NR NR NRC
Temperature (OC) NR NR NR " NR NR NR" NRC

NO Not detected
NR Analysis not requested
* Field measured
NRC No specific regulatory concentration

E-23
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Tabl E-24

Analytical R suits for Groundwater Sampl s
Collected in July 1986 -- Site 19,

NWS Earle, Colts Neck, NJ

Analyte Sample Number Regulatory
19-1 19-2 19-3 LimH

Total organic halogens (ug/L) 63.0 71.0 50.0 NRC
Total organic carbon (mg/L) 4.01 6.95 4.92 NRC
Volatile organic compounds (ug/L): 10

Methylene chloride 14 13 8J
Acetone NO NO 16
2-Butanone NO NO 10

Petroleum hydrocarbons (mg/L) NO NO NO 1
Nitrate/nitrite (mg/L) 0.80 NO NO 10
Base/neutral/acid compounds (ug/L) NO NO NO 100
Soluble metals (mg/L):

Sb NO NO NO NRC
As NO NO NO 0.050
Be NO NO NO NRC
Cd 0.004 0.007 0.006 0.010
Cr 0.015 NO NO 0.050
Cu NO NO NO NRC
Pb 0.006 NO NO 0.050
Hg NO NO NO 0.002
Ni 0.02 0.016 NO NRC
Se NO NO NO 0.010 R
Ag NO NO NO 0.050
Tl NO NO NO NRC
Zn 0.09 0.09 0.06 NRC

pH 3.85 3.95 4.10
pH* 4.3 4.6 4.5
Chloride (mg/L) 7.60 11.4 10.5 NRC
Specific conductance (umho/cm) 189 103 80.5 NRC
Specific conductance* (umho/cm) 160 70 60 NRC
Temperature (GC) 20 17 17 NRC

E-24

NO Not detected
NR Analysis not requested
* Field measured
A Duplicate sample

. B Field blank
J Estimated concentration less than quantification limits but greater than instrument

detection limits.
NRC No specific regulatory concentration

6575B
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Table E-25

Analytical Results for Sediment Samples Collect d in July 1986 -- Sit 19,
NWS Earle, C Its N ck, NJ

Sample Number Regulatory
Analyte 19-A (1st hour) 19-A (6th hour) 19-A (dup) 19-A (blank) 19-B* (1st hour) 19-B* (6th hour) Limit**

Total organic halogens (ug/kg) ND ND ND NR NR NR NRC
Volatile organic compounds (ug/kg): 1

Methylene chloride 8J NRP 75 7J (ug/L) 210 NRP
Acetone 7J 230 53 2J 1,200 730
Chloroform ND ND 25 ND 37 ND
2~Butanone ND ND ND ND 240 ND
Toluene NO 2J ND ND 170 ND
Dilution factor 1.46 1.48 1.55 1.0 13.1 11. 1
Detection limit 15 15 16 10 130 110

Petroleum hydrocarbons (mg/kg) 82.8 14.9 129 ND 445 681 100
Total metals (mg/kg):

NRCSb <14.1 <14.4 <13.0 <0.05 <100 <123.5
As <2.82 <2.89 <2.76 <0.01 <19.9 <25.0 20
Be <14.1 <14.4 <13.0 <0.05 <100 <123.5 1
Cd <0.7 <0.7 <0.7 <0.0025 <5 <6.25 3
Cr <28.2 <28.8 <26.0 <0.1 <200 <247.0 100
Cu <14. 1 <14.4 <13.0 <0.05 <100 <123.5 170
Pb 5.83 4.65 6.86 <0.005 <94.7 <96.0 250 - 1,000
Hg <0.250 0.423 <0.250 <0.250 <0.250 <0.250 1
Ni <28.2 <28.8 <26.0 <0.1 <200 <247 100
Se <1.41 <1.44 <1.38 <0.005 <9.95 <12.5 4 I
Ag <2.82 <2.89 <2.75 <0.01 286 <25.0 5
Tl <2.82 <2.89 <2.76 <0.01 <19.9 <25.0 NRC
Zn <14.1 <14.4 <13.0 <0.05 214 <331 350

ND Not detected
NR Analysis not requested
NRP Not reported; see lab report
* Sample 19-B sediment had high water content
J Estimated concentration less than quantification limits but greater than ·instrument detection limits.
NRC No specific regulatory concentration
** ECRA limits

E-25
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Tab I E-26

Summary of Analytical R quirements for Soil and S diment Analyses -­
Site 19, NWS Earle, Colts Neck, NJ

Number of
Parameter Samples Dup/Rep Trip Blanks field Blanks Total Analyses

Metals (TAL) 24 2 0 2 28

Volatile organic compounds 24 2 2 2 30

Semivolatile organic compounds 24 2 2 2 30

Soil moisture 12 0 0 0 12

Grain size distribution 12 0 0 0 12

II
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65758
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Summary

Tab I E-27

f Analytical R quir menta f r Surface Wat rand Gr undwater
Analyses -- Site 19, NWS Earle, C Its N ck, NJ

Number of -_._. -

Parameter Sampl es Dup/Rep Trip Blanks Field Blanks Total Analyses

Total organic halogens 8 1 0 1 10

Metals (TAL) 8 1 0 1 10

Volatile organic compounds 8 1 1 1 11

Semi volatile organic compounds 1 1 1 1 4

Total petroleum hydrocar.bons 8 1 0 1 10

pH 8 0 0 0 8

Specific conductance 8 0 0 0 8

PCBs 1 1 0 0 2

Nonmetal s (TAL)- 1 1 0 0 2

Pesticides 1 1 0 0 2
I
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Table E-28

Analytical Results for Soi I Samples
Collected in March 1986 -- Site 20,

NWS Earle, Colts Neck, NJ

Analyte
Petroleum

Sample Number Hydrocarb~ms EPTOX (mg/L)
(mg/kg)

Zn Cr Pb Ti

20-A
(0.5' _ 1') NO NO NO NO NO
(2.5' _ 3') NO NO NO NO NO

20-B
(0.5' - 1') 65.7 NO NO NO NO
(2.5' _ 3') NO NO NO NO NO

20-C

(0.5' - 1') 2.20 NO NO 1.64 NO
(2.5' _ 3') NO NO NO NO NO

20-0*
(0.5' _ 1') NO <0.05 <0.50 0.051 0.41
(2.5' _ 3') NO <0.05 <0.50 0.05 0.039

20-E*
(0.5' - 1') NO <0.05 <0.50 0.072 <0.003
(2.5' - 3') NO <0.05 <0.50 0.057 0.024

Oetection Limits 0.50 0.50 0.50 0.50
Regulatory Limits 100 350 100 100 NRC

NO Not detected
* Samples collected July 1986
NRC No specific regulatory cOflcentration

E-28
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Table E-29

. ND Not detected
* Samples collected July 1986
NRC No specific regulatory concentration

4.20 ND NO ND ND
39.0 ND ND ND ND

ND NO NO ND ND
ND NO ND ND ND

0.50 0.50 0.50 0.50
100 350 100 100 NRC

Analyte
Petroleum

Hydrocarbons EPTOX (mg/L)
(mg/kg)

Zn Cr Pb Ti

ND ND ND ND ND
ND ND ND ND ND

ND ND ND ND ND
ND ND ND ND ND

Analytical Results for Soi I Samples
Collected in March 1986 -- Site 22,

NWS Earle, Colts Neck, NJ

(0.5' - 1')
(2' - 2.5')

22-C

22-D*
(0.5' - 1')
(2' - 2.5')

Detection Limits
Regulatory Limits

22-B
(0.5' - 1')
(2.5' - 3')

22-A
(0.5' - 1')
(2.5' - 3')

Sample Number

6575B
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Table E-30

Analytical R suits for Groundwat r Sampl s Coil cted in July 1986 -- Sit 26,
NWS Earle, Colts Neck, NJ

Analyte

pH 4.8

Temperature (OC) 18

Specific conductance (umho/cm) 60

Picdc acid

field measured parameters:

26-1

NO

Sample Number Regulatory
26-1B 26-2 26-2A 26-2B 26-3 LimH

NO NO NO NO NO NRC

NR 4.0 NR NR 4.5

NR 17 NR NR .17 NRC

NR 225 NR NR 50 NRC

NO Not detected
NR Analysis not requested
A Duplicate sample
B field blank
NRC No specific regulatory concentration

I
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Tabl E-31

Summary of Analytical Requir ments for Soil and S diment Analyses -­
Site 26, NWS Earle, Colts Neck, NJ

Number of
Parameter Samples Dup/Rep Trip Blanks Field Blanks Total Analyses

Nitrate/nitrite 10 1 0 1 12

Picric acid 10 1 0 1 12

I
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Table E-32

Summary of Analytical Requirements f r Surface Water and Groundwater
Analyses -- Site 26, NWS Earl , Colts Neck, NJ

Number of
Parameter Samples Cup/Rep Trip Blanks field Blanks Total Analyses

Nitrate/nitrate 4 1 0 1 6

Picric acid 4 1 0 1 6

Metals (TAL) 4 1 0 1 6

pH 4 0 0 0 4

Specific conductance 4 0 0 0 4

I

6575B
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PROCEDURES
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4t Designation: D 1586 - 84

Standard Method for

PENETRATION TEST AND SPLIT-BARREL SAMPLING OF
SOILS'

This SUndarcl.is iuucd under 1M fillCddesianation 0 IS86; IM.n.umber immediately rollo"';na 1M desianation indicates 1M year or
Ol'1IJn~lldoptlon. or. In 1M cue or reVISIon. lht year or last reVISIon. A number in parentheses indicates !he year or last
A Sllpencnpl epSIlon (0) IndIcates an editorial change since 1M Iasl revision or reapprovaJ. reappro\'&!.

Tim ",t'llwd "a.' ItHn al'f"""ft/ r", ,1.1<' h.I· a/tt'n(lt'.' (If '''t' DrpQ""'",1 ~rlHfmJt' and/fIT lislin/t in '''t'DOD Indt'x ofSf't'C'ifi('alinru
and Standard,. . . "

I
I
II
I
II
I
I
I
I
I
I
I
I

J. Scope.

1.1 This method describes the procedure. gen­
erally known as the Standard Penetration Test
(SPT). for driving a split-barrel sampler to obtain
a representative soil sample and a measure of the
resistance of the soil to penetration of the sam­
pler.

1.2 This standard may involve ha:ardous ma­
tmals. operations. and equipment. This standa;d
does not purpon to address all ofthe safet.r prob­
lems associated 'with its use It is the responsibil­
it.\' 0/ ...·hoever uses this standard to consult and
establish appropriale safety and health practices
anddetermine the applicabilil.'· ofregulatorv limi­
tations prior to use. For a specific precautionary
statement. see 5.4.1.

1.3 The values stated in inch-pound units are
to be regarded as the standard.

2. Applicable ~meDts

2.1 ASTM Standards:
D2487 Test Method for Oassification of Soils

for Engineering Purposes'
D 2488 Practice for Description and Identifi­

cation of Soils (Visual-Manual Procedure)'
D4220 Practices for Preserving and Trans­

poning Soil Samples'

J. Descriptions of Terms Specific to This Stand­
ard

3.1 anvil-that ponion of the drive-weight as­
sembly which the hammer strikes and 'through
which the hammer energy passes into the drill
rods.

3.2 cathead-the rotating drum or windlass
in the rope-cathead lift system around which the
operator wraps a rope to lift and drop the ham-

mer by successively tightening and loosening the
rope turns around the drum.

3.3 drill rods-rods used to transmit down­
ward force and torque to the drill bit while drill­
ing a borehole.

3.4 drive· weight assembly-a device consist­
ing of the hammer. hammer fall guide. the anvil.
and any hammer drop system.

3.5 hammer-that ponion of the drive-weight
assembly consisting of the 140 ± 2 Ib (63.5 ± I
kg) impact weight which is successively lifted and

.dropped to provide the energy that accomplishes
the sampling and penetration.

3.6 hammer drop s)'stem~that portion of the
drive-weight assembly by which the operator ac­
complishes the lifting and dropping of the ham­
mer to produce the blow.

3.7 hammerfall guide-that pan of the drive­
weight assembly used to guide the fall of the
hammer.

3.8 N·vaille-the blowcount representation of
the penetration resistance of the soil. The N­
value. reponed in blows per foot. equals the sum
of the number of blows required to drive the

. sampler over the depth interval of 6 to 18 in._
(150 to 450 mm) (see 7.3).

3.9 Al\'-the number of blows obtained from
each of the 6-in. (150-mm) intervals of sampler
penetration (see 7.3).

3.10 numher of rtipc l/Irns-the total contact
angle between the rope and the cathead at the

I Thi~ mrthod is under I~ ;urisdi<1ion of ."STM Commill~

0-18 on Soil and Rod ~nd is I~ direct rnponsihilil\ of
Suhcommill~ DI8.0~ on Samplin~ ~nd Relaltd F~ld Tnlin~
for Soilln,·esligalions.

Curr.nt tdilion appro'td s.pl. II. 19~4. Puhhshtd '",.m­
h<r 1984. Originall) .publishC'd as 0 I~81> - ~8 T. Us! pr., iou\
tdilion 0 IS86 - 67 (19741.

J .~"n/lal 8..110: ,,".~ST.II Standard.,. Vol O-t.0ll.
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beginning of the operator's rope slackening to
drop the hammer, divided by 360° (see Fig. I).

3.11 sampling rods-rods that connect the
drive-weight assembly to the sampler. Drill rods
are often used for this purpose.

3.12 SPT-abbreviation for' Standard Pene·
tration Test, a term by which engineers com­
monly refer to this method.

... Significance aDd Use

4.1 This method pro\ides a soil sample for
identification purposes and for laboratory tests
appropriate for soil obtained from a sampler that
may produce large shear strain disturbance in the
sample.

4.2 This method is used extensively in a great
variety of geotechnical exploration projects.
Many local correlations and widely published
correlations which relate SPT blowcount, or N­
value, and the engineering behavior of earth­
works and foundations are available.

S. Apparatus

5.1 Drilling Equipment-Any drilling equip­
ment that provides at the time of sampling a
suitably clean open hole before insertion of the
sampler and ensures that the penetration test is
performed on undisturbed soil shall be accepta­
ble. The following pieces of equipment have
proven to be suitable for advancing a borehole
in some subsurface conditions.

5. I. I Drag. Chopping, and Fishtail Bits, less
than 6.5 in. (162 mm) and greater than 2.2 in.
(56 mm) in diameter may be used in conjuction
with open-hole rotary drilling or casing-advance­
ment drilling methods. To avoid disturbance of
the underlying soil, bottom discharge bits~ not
permitted; only side discharge bits are permitted.

5.1.2 Rol/er-Cone Bits, less than 6.5 in. (162
mm) and greater than 2.2 in. (56 mm) indiam­
eter may be used in conjunction with open-hole
rotary drilling or casing·advancement drilling
methods ifthe drilling fluid discharge is deflected.

5.1.3 Hol/o....-Stem Continuous Flight Augers,
with or without a center bit assembly, may be
used to drill the boring. The inside diameter of
the hollow-stem augers shall be less than 6.5 in.
(162 mm) and greater than 2.2 in. (56 mm).

5.1.4 Solid, Continuous Flight. Bucket and
Hand Augers, less than 6.5 in. (162 mm) and
greater than 2.2 in. (56 mm) in diameter may be
used if the soil on the side of the boring does not

01586

cave onto the sampler or sampling rods during
sampling.

5.2 Sampling Rods-Flush-joint steel drill
rods shall be used to connect the split-barrel
sampler to the drive-weight assembly. The sam­
pling rod shall have a stiffness (moment of iner­
tia) equal to or greater than that of parallel wall
MA" rod (a steel rod which has an outside diam­
eter of PI. in. (41,2 mm) and an inside diameter
of III. in. (28.5 mm).

NOTE I-Reunt research and comparative testing
indicates the type rod used. with stiffness ranging from
M AMsize rod to MNM size rod. will usually have a
negligible effect on the "'-values to depths of al least
100 ft (30 m).

5.3 Split·Barrel Sampler-The sampler shall
be constructed with the dimensions indiCated in
Fig. 2. The driving shoe shall be ofbardened steel
and shall be replaced or repaired when it becomes
dented or distorted. The use ofliners to produce
a constant inside diameter of 1% in. (35 mm) is
permitted, but shall be noted on the penetration
record if used. The use ofa sample retainer basket
is permitted. and should also be noted on the
penetration record if used.

NOTE 2-Both theory and available test data suggest
that N-values may increase between 1010 30 % when
line~ are used.

5.4 Drive- Weight Assembly:
5.4.1 Hammer and Am'il-11le hammer shall

weigh 140 ± 2 Ib (63.5 ± I kg) and shall be a
solid rigid metallic mass. The hammer shall strike
the anvil and make steel on steel contael when it
is dropped. A hammer fall guide permitting a
free fall shall be used. Hammers used with the
cathead and rope method shall have an un­
impeded overlift capacity of at least 4 in. (100
mm). For safety reasons, the use of a hammer
assembly with an internal anvil is encouraged.

NOTE 3-11 is suggested that th~ hammer fall guide
be pennanently marked to enable the operator or in­
spector to judge the hammer drop beight.

5.4.2 Hammer Drop System-Rope-cathead,
trip, semi-automatic, or automatic hammer drop
systems may be used, providing the lifting appa­
ratus will not cause penetration of the sampler
while re-engaging and lifting the hammer.

5.5 Accessory Equipment-Accessories such
as labels, sample containers, data sheets, and
I'"oundwater level measuring devices shall be pro­
\ided in accordance with the requirements of the
project and other ASTM standards.
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6. Drilling Procedure

6.1 The boring shall be advanCed incremen­
tally to permit intermittent or continuous sam·

o piing. Test intervals and locations are normally
stipulated by the project engineer or geologist.
Typically, the intervals selected are 5 f\ (1.5 mm)
or less in homogeneous strata with test and sam·

rnling locations at every change of strata.
X ~.2 Any drilling procedure that provides a

SUItably clean and stable hole before insertion of
the sampler and assures that the penetration test
is performed on essentially undisturbed soil shall
be acceptable. Each of the following procedures
have proven to be acceptable for some subsurface
conditions. The subsurface conditions antici­
pated should be considered when selecting the
drilling method to be used.

6.2.1 Open-hole rotary drilling method.
6.2.2 Continuous flight hollow-stem auger

method.
6.2.3 Wash boring method.
6.2.4 Continuous flight solid auger method.
6.3 Several drilling methods produce unac-

ceptable borings. The process of jetting through
an open tube sampler and then sampling when
the desired depth is reached shall not be permit­
ted. The continuous flight solid auger method
shall not be used for advancing the boring below
a water table or below the upper confining bed
ofa confined non-cohesive stratum that is under
artesian pressure. Casing may nOI be advanced
below the sampling elevation prior to sanlpl~ng.
Advancing a boring with bottom discharge bits
is not permissible. It is not permissible to advance
the boring for subsequent insertion of the sam­
pler solely by means of previous sampling with
the SPT sampler.

6.4 The drilling fluid level within the boring
or hollow-stem augers shall be maintained at or
above the in situ groundwater level at all times
during drilling.. removal of drill rods, and sam·
piing.

7. Sampling and Testing Procedure

7.1 After the boring has been advanced to the
desired sampling elevation and excessive cuttings
have been removed, prepare for the test with the
following sequence of operations.

7. J.I Attach the split-barrel sampler to the
sampling rods and lower into the borehole. Do

not allow tht sampler to drop onto the soil to be
sampled.

7.1.2 Position the hammer above and attach
the anvil to the top of the sampling rods. This
may be done before the sampling rods and sam.
pier are 1~"Cred into the borehole.

7.1.3 Rest the deadW"Cight of the sampler,
rods, anvil. and drive weight on the bottom of
the boring and apply a seating blow. If excessive
cuttings are encountered at the bottom of the
boring.. remove the sampler and sampling rods
from the boring and remove the cuttings.

7.1.4 Mark the drill rods in three sua:essive
6-in. (O.I5-m) increments so that the advance of
the sampler under the impact of the hammer can
be easily obsen'ed for each 6-in. (0.15-m) incre­
ment.

7.2 Driyc the sampler with blows from the
140-lb (63)kg> hammer and count the Dumber
ofblows applied in each 6-in. (O.I5-m) increment
until one rA the folloWing OCICUI"S:

7.2.1 A total of 50 blows have been applied
during anyone of the three 6-in. (O.I5-m) incre·
ments described in 7.1.4.

7.2.2 A total of 100 blows have been applied.
7.2.3 There is no observed advance of the

sampler during the application of 10 successive
blows of the hammer.

7.2.4 The sampler is advanced the complete
18 in. (0.45 m) ~ithout the limiting blow counts
occurring as described in 7.2.1, 7.2.2, or 7.2.3.

7.3 Record the number of blows required to
effect each 6 in. (0.15 m) of penetration or frac·
tion thereof. The farst 6 in. is considered to be a
atios ctme. Tbe sum 0 of the number of blows
required far the second and third 6 in. of pene­
tration is ImDed the "standard penetration re­
sistance", or the "N-vaJue". If the sampler is
driven less than 18 in. (0.45 m), as permitted in
7.2.1. 7.2.:!. or 7.2.3, the number of blows per
each complete 6-in. (0.15-m) increment and per
each partial increment shall be recorded on the

o boring log.. For partial increments, the depth of
penetration shall be reported to the nearest I in.
(25 mm). in addition to the number of blows. If
the sampkr advances below the bottom of'the
boring UDder the static weisht of the drill rods or
the weight of the drill rods plus the static wci&bt
of the hammer. this information should be DOled
on the boring log.

7.4 The raising and dropping of the 140-lb

I
I
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(63.5-kg) hammer shall be accomplished using
either of the following two methods:

7.4.1 By using a trip. automatic, or semi-au­
tomatic hammer drop system which lifts the 140­
Ib (63.5-kg)·hammer and allows it to drop 30 ±
1.0 in. (0.76 m ± 25 mm) unimpeded.

7.4.2 By using a cathead to pull a rope at­
tached to the hammer. When the cathead and
rope method is used the system and operation
shall conform to the following:

7.4.2.1 The cathead shall be essentially free of
rust. oil. or grease and have a diameter in the
range of6 to 10 in. (150 to 250 mm).

7.4.2.2 The cathead should be operated at a
minimum speed of rotation of 100 RPM, or the
approximate speed of rotation shall be reponed
on the boring log.

7.4.2.3 No more than 21/. rope turns on the
caihead may be used during the performance of
the penetration test. as shown in Fig. I. .

NOTE 4-The operator should generally use either
Ill. or 2'/. rope turns. depending upon whether or not
the rope comes ofT the top (1'1. turns) or the bottom
(~I/. turns) of the cathead. It is generally Itn~'T1 and
accepted that 21/. or more rope turns considerably
impedes the fall of the hammer and should not be used
to perform the test. The cathead rope should be main­
tained in a relati\e1y dT). clean. and unfrayed condition.

7.4.2.4 For each hammer blow, a 3O-in. (0.76­
m) lift and drop shall be employed by the oper­
ator. The operation of pulling and throwing the
rope shall be performed rh}lhmically without
holding the rope at the top of the stroke.

7.5 Bring the sampler to the surface and open.
Record the percent recovery or the length of
sample recovered. Describe the soil samples reo
covered as to composition. color. stratification.
and condition. then place one or more repre·
sentative ponions of the sample into sealable
moisture·proof containers (jars) Vlithout ram·
ming or distoning any apparent stratification.
Seal each container to prevent evaporation ofsoil
moisture. Affix labels to the containers bearing
job designation. boring number. sample depth.
and the blow count per 6·in. (0.15-m) increment.
Protect the samples against extreme temperature
changes. If there is a soil change \l.ithin the
sampler. make a jar for each stratum and note
its location in the sampler barrel.

8. Report

8. I Drilling information shall be recorded in
the field and shall include the following:
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8.1.1 Name and location ofjob.
8.1.2 Names of crew.
8.1.3 Type and make of drilling machine.
8.1.4 Weather conditions.
8.1.5 Date and time of stan and finish of

boring.
. 8.1.6 Boring number and location (station

and coordinates. if available and applicable).
8.1.7 Surface elevation. if available.
8.1.8 Method of advancing and cleaning the

boring.
. 8.1.9 Method of keeping boring open.

8.1.1 0 Depth of water surface and drilling
depth at the time of a noted loss of drilling fluid.
and time and date when reading or notation was
made.

8.1.11 Location of strata changes.
8.1.12 Size of casi ng. depth of cased ponion

of boring.
8.1.13 Equipment and method of driving

sampler.
8.1.14 Type sampler and length and inside

diameter of barrel (note use of liners).
8.1.15 Size. type. and section' length of the

sampling rods. and
8.1.16 Remarks.
8.~ Data obtained for each sample shall be

recorded in the field and shall include the follow.
ing:

8.~.1 Sample depth and. ifutiJized.the sample
number.

8.~.~ Description of soil.
8.~.3 Strata changes within sample.
8.2.4 Sampler penetration and recovery

lengths. and
8.2.5 Number of blows per 6-in. (0. J5·m) or

panial increment.

9. Precision and Bias

9.1 Variations in N-values of 100 <;c or more
have been observed when using different stand.
ard penetration lest apparatus and drillers for
adjacent borings in the same soil formation. Cur­
rent opinion. based on field experience. indicates
that when using the same apparatus and driller.
;"-values in the same soil can be reproduced with
a coefficient of variation of about 10 'Fc.

9.2 The use of faulty equipment. such as an
extremely massive or damaged anvil. a rusty
cathead. a low speed cathead. an old. oily rope,
or massive or poorly lubricated rope sheaves can
significantly contribute to differences in N-values
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obtained between operator-drill rig systems.
9.3 The variability in ,\'.values produced by

different drill rigs and operators may be reduced
by measuring that pan of the hammer energy

(0) lXlunlm:lock..isc rotation
approlimatrly 1'1, turns

B
(b) clockwise rotation

approlimatrly 2". turns

D1516

delivered into the drill rods from the sampler and
adjusting N on the basis ofcomparative energies.
A method for energy measurement and N·value
adjustment is currently under development.

~Rope

Cathead

Section A-A

Section B-B
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I
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f1G. J ~finitiolls or 1M SumMr or Ro~ Turns and tM AIIII. for 1_) COUDt.rdock.m. Routioll aDd (t) Clock-is< Rotalioll or
1M Calbtad
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