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FINAL
SAMPLING AND ANALYSIS PLAN
RADIOLOGICAL BACKGROUND STUDY
SANTA SUSANA FIELD LABORATORY
VENTURA COUNTY, CALIFORNIA

1.0 INTRODUCTION

This Sampling and Analysis Plan (SAP) describes the technical assistance activities to be
performed on behalf of the U.S. Environmental Protection Agency (EPA) by HydroGeoLogic,
Inc. (HGL), during the radiological background study for the Santa Susana Field Laboratory
(SSFL) site located near Ventura County, California. The SSFL site location is illustrated on
Figure 1.1. This technical assistance task is being executed under EPA Contract Number
EP-S3-07-05, Work Assignment (WA) 021TATAO09QL.

The SAP is composed of two parts: Attachment 1 is the Field Sampling Plan (FSP) and
Attachment 2 is the Quality Assurance Project Plan (QAPP). The roles and responsibilities of
the HGL team, which includes members from The Palladino Company Inc., are described in
Section 1.1 of the QAPP. A site-specific Health and Safety Plan will be submitted to EPA
under separate cover.

During the preparation of these planning documents, site stakeholders participated in the
development technical approach and in the process of selecting optimal sampling locations.
HGL acknowledges the valuable contribution of the Aerospace Cancer Museum for Education
(ACME), Bridge the Gap, and other community members in designing the radiological
background study.

1.1 OBJECTIVES

The primary objective of the SSFL radiological background study is to determine background
radionuclide concentrations within surface and subsurface soils overlying the two geologic
formations that are present at the SSFL (Chatsworth and Santa Susana Formation). The
potential uses of the data generated from this study include the following:

e Determine the extent of soil contamination at the SSFL;

e Assist the California Department of Toxic Substances Control (DTSC) in establishing
appropriate cleanup levels;

e Provide background data to be used in human health and ecological risk assessments;
and

o Establish a reference data set for site characterization surveys and site closure surveys
(final status surveys) in accordance with Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) guidance.

U. S. EPA Region 9
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To accomplish this primary objective, surface and subsurface soil samples will be collected at
three radiological background reference areas (RBRAs) located outside the SSFL property
boundary. Two of the areas overlie the Chatsworth Formation and one area overlies the Santa
Susana Formation. The RBRAs that overlie the Chatsworth Formation are known as the Lang
Ranch Location (which is located within China Flat on National Park Service land) and the
Rocky Peak Location; and the RBRA that overlies the Santa Susana Formation is known as the
Bridle Path Location. RBRAs were selected and approved by the EPA, with the concurrence
of the project stakeholders participating in the Background Study Technical Group, which
consists of community members and other stakeholders. All three are located between three
and six miles from the SSFL property boundary (see Figure 1.2). Figures 1.3 through 1.5
illustrate the locations of the RBRA sampling locations. The process that was followed to
select these RBRAs is described in Section 1.3 of the FSP.

During Background Study Technical Group meetings, community members expressed concern
that the proposed RBRAs may be too close to the SSFL and may have been impacted by
atmospheric releases of radionuclides from SSFL. It was postulated that the deposition of
radionuclides from historic releases may have artificially increased radionuclide concentrations
in surface soils at the proposed RBRAs. If this is the case, then the radionuclide
concentrations in surface soils would not reflect background conditions. To address this
concern, a secondary study was designed to determine whether surface soils at the RBRAs
have been impacted by SSFL releases.

To accomplish this secondary objective, surface soil samples will be collected in areas that are
located greater than 10 miles from the SSFL. These locations are referred to as distance test
locations (DTL). Surface soil samples will be collected and analyzed at 20 of the DTLs
identified on Figure 1.6 (for example: five in each quadrant). These samples will be analyzed
for a targeted group of radionuclides, which could likely be found in SSFL atmospheric
releases. Surface soil samples will also be collected at the three RBRAs and analyzed for the
same targeted list of radionuclides. A statistical analysis will be conducted to determine
whether the radionuclide concentrations in surface soil at the individual RBRAs are higher
than the radionuclide concentrations at the DTLs.

1.2 SCOPE OF WORK
In accordance with the approved WA scope, HGL will complete the following activities in
order to accomplish the objectives described above:

o Conduct surface soil sampling at RBRAs and DTLs;

o« Perform statistical evaluation of radionuclide concentrations in surface soils at the
DTLs and the proposed RBRAs to determine whether the RBRAs have been impacted
by releases from the SSFL;

o Complete a surface soil gross gamma survey at the DTLs and RBRAs;
o Conduct subsurface soil sampling at the RBRAsS;

o Conduct gamma surveys of boreholes;
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« Validate the analytical data to determine its usability for decision making; and

o Prepare a report summarizing field activities and analytical data.
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2.0 SITE BACKGROUND

This section describes the SSFL, geologic formations scheduled to be sampled during the
study, and site history. The site history section is a very brief overview of the SSFL obtained
from various EPA and non-EPA documents. Information in this section is subject to change
upon completion of the EPA’s Historical Site Assessment (HSA).

2.1 SITE LOCATION AND DESCRIPTION

The SSFL is located in southeastern Ventura County, CA, near Simi Valley. The 2,850-acre
site is approximately 30 miles northwest of downtown Los Angeles between the Simi and San
Fernando Valleys in the Simi Hills. Residential areas are near the southern, northern, and
eastern boundaries of the site. The geographic coordinates from the central portion of the Site
are 39°, 13°, 51” north latitude and 118°, 41°, 47” west longitude.

The site is divided into four administrative areas (I, II, III, and IV) and undeveloped buffer
properties to the northwest and south as described below [Agency for Toxic Substances and
Disease Registry (ATSDR), 1999]:

o Area I consists of 671 acres owned by The Boeing Company (Boeing) and 42 acres
owned by National Aeronautics and Space Administration (NASA) (formerly owned by
the U.S. Air Force) in the northeast portion of the Site. Area I contains administrative
and laboratory facilities and was formerly used for rocket engine testing. Area I also
includes the former Area I Thermal Treatment Facility and three rocket engine test
areas, the Bowl, Canyon, and Advanced Propulsion Test Facility (APTF) areas.

o Area II consists of 410 acres in the north-central portion of the site and is owned by
NASA and operated by Boeing. Area II contains four former rocket test firing
facilities. Area II includes the Alfa, Bravo, Coca, and Delta rocket engine test areas.

o Area III consists of 114 acres in the northwest portion of the site and is owned and
operated by Boeing. Area III includes systems test area (STL-IV) and associated
laboratories.

o Area IV consists of 290 acres owned and operated by Boeing; including 90 acres leased
by the U.S. Department of Energy (DOE). DOE and its contractors operated several
nuclear reactors and associated fuel facilities and laboratories within this area.

e The northwestern and southern buffer zones consist of 182 and 1,143 acres,
respectively. Industrial activities have never occurred on these naturally vegetated
areas. Boeing purchased the northwestern buffer zone from the American Jewish
University’s Brandeis-Bardin Campus approximately 10 years ago. The purchase was
made in accordance with a legal settlement over contamination of the university’s land.

This background study will ultimately support the characterization and cleanup of
radionuclides at the SSFL.
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2.2 SITE GEOLOGY

Two geologic formations underlie Area IV within the SSFL: the Chatsworth Formation and
the Santa Susana Formation. The radiological background study focuses on characterizing the
soils at the background reference locations overlying these formations. A description of these
geologic formations is provided below. The descriptions were derived from the Geologic Map
of the Calabasas Quadrangle by Thomas W. Dibblee, Jr. (1992).

2.2.1 Chatsworth Formation

The Chatsworth Formation consists of three unnamed members. The members were deposited
in the deep ocean at depths that ranged from 4,000 to 5,000 feet by turbidity currents, which
are massive submarine landslides, from the continental shelf into submarine canyons. The
turbidity currents were generally more than a half-mile wide and greater than 10 miles in
length. During the periods without turbidity currents, silt and clay particles from heavy land
runoff filtered down to the ocean floor and became siltstone strata found in the formation. The
uppermost member is a thick strata of light gray to brown sandstone, which is hard, coherent,
arkosic, micaceous, primarily medium grained separated by thin partings of siltstone. The
middle member is a gray conglomerate of cobbles of metavolcanic and granitic detritus in hard
sandstone matrix. The lower member is gray clay shale, crumbly with ellipsoidal fracture
where weathered, and may include sandstone strata.

2.2.2 Santa Susana Formation

The Santa Susana Formation was also formed by turbidity currents and consists of four
members. The unnamed uppermost layer of the Santa Susana Formation consists of gray
micaceous claystone and siltstone with a limited number of thin sandstone beds. Below the
uppermost layer lies a second unnamed layer that is made up of tan coherent fine grained
sandstone, which locally contains thin shell-beds and calcareous concretions. Underlying this
layer is the Las Virgenes Sandstone Member, which is composed of tan semi-friable bedded
sandstone and is locally pebbly. The oldest member is the Simi Conglomerate Member. This
member contains gray to brown cobble conglomerate with smooth cobbles of quartzite,
metavolcanic and granitic rocks in sandstone matrix that locally includes thin lenses of red
clay.

2.3 SITE HISTORY

A brief summary of the SSFL property ownership, activities and facilities associated with Area
IV of the SSFL site is provided in this section.

2.3.1 SSFL Property Ownership

In the late 1940s, the SSFL site property was purchased by North American Aviation.
Atomics International, a division of North American Aviation from 1955 to 1984, set aside a
part of Area IV for nuclear reactor development and testing. In 1984, Rocketdyne, a division
of Rockwell, absorbed Atomics International. Boeing subsequently purchased Rockwell in
1996, and Rocketdyne remains a division of Boeing. Currently, the SSFL site property is
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jointly owned by Boeing and NASA, and is operated by Boeing. A portion of the property
owned by Boeing is leased to DOE (ATSDR, 1999).

2.3.2 Radiological Facilities

During its peak operation, the ETEC consisted of 272 numbered structures. Most of the
buildings were demolished, once their mission was achieved. Many facilities were
decontaminated, decommissioned, and demolished after the ETEC was deactivated in 1996.
In 2009, 23 structures currently remain.

2.3.3 Radiological Activities

From the mid-1950s until 1964, activities at the SSFL primarily focused on developing a
sodium-cooled nuclear power plant, and developing space power systems with sodium and
sodium/potassium coolants. The ETEC was formed in the mid-1960s as an Atomic Energy
Commission laboratory for the development of liquid metal heat transfer systems in support of
the Liquid Metal Fast Breeder Reactor Program. The Atomic Energy Commission was one of
the predecessor agencies to DOE. The ETEC nuclear operations included:

* ten nuclear research reactors,

* seven criticality facilities,

* burn pits,

* the hot laboratory,

» the nuclear materials development facility (plutonium fuel fabrication facility),
» the Radioactive Materials Handling Facility (RMHF), and

* various test and nuclear material storage areas.

Historical operations at the SSFL have resulted in the release of radionuclides and other
contaminants to the environment. A widely known incident that resulted in a measurable
release was the Sodium Reactor Experiment (SRE) Fuel Damage incident. The SRE was a
liquid-sodium-cooled 20 megawatt reactor that was moderated by graphite and was part of an
Atomic Energy Commission program focused on demonstrating the feasibility of a high-
temperature, sodium cooled power reactor for civilian application. A power excursion was
documented at the SRE during this experiment on July 13, 1959. The SRE operated
intermittently until July 26, 1959 when operation was ceased to inspect the rods. A clogged
coolant channel had resulted in localized melting of 30 percent of the fuel elements in the
reactor core. The fuel elements fell to the bottom of the primary sodium containment vessel
and the reactor was shut down (McLaren/Hart, 1993). As a result of this incident, gas
containing radionuclides built up within the reactor; which eventually released gases into the
atmosphere. In addition, a burn pit was also used from 1966 to the late 1970s for the disposal
of metallic sodium and sodium-potassium mixtures, solvents, and radioactively-contaminated
equipment. These activities also led to the release of radiological contaminants to the
environment.
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The Draft Gap Analysis Report produced by CDM Inc., submitted on June 1, 2008, listed
incidents that may have released the following radionuclide’s: Am-241, Co-60, Cs-134, Cs-
137, Eu-152, Eu-154, Fe-59, H-3, K-40, Kr-85, Mn-54, Pm-147, Pu-238, Pu-239, Sr-90, Th-
232, U-234, U-235 and U-238.

Planning is currently underway to conduct a detailed investigation of radiological
contamination at the SSFL. This study is being led by the U.S. EPA Region 9, and field
activities are scheduled to begin in the fall of 2009.
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3.0 ORGANIZATION OF THE SAMPLING AND ANALYSIS PLAN

This SAP is composed of the following sections:
Section 1 - Introduction
Section 2 - Site Background
Section 3 - Organization of the Sampling and Analysis Plan
Section 4 - References

Attachment 1: Field Sampling Plan
Section 1 - Radiological Background Study Program
Section 2 - Field Activity Methods and Procedures
Section 3 - Investigation-Derived Waste Management
Section 4 - References

Attachment 2: Quality Assurance Project Plan
Section 1 - Project Management
Section 2 - Measurement and Data Acquisition
Section 3 - Assessment and Oversight
Section 4 - Data Validation Requirements and Usability
Section 5 - Data Management and Visualization
Section 6 — References
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FINAL
FIELD SAMPLING PLAN
RADIOLOGICAL BACKGROUND STUDY
SANTA SUSANA FIELD LABORATORY
VENTURA COUNTY, CALIFORNIA

1.0 RADIOLOGICAL BACKGROUND STUDY PROGRAM

This field sampling plan (FSP) describes the sampling process design, and field methods and
procedures that will be employed to accomplish the radiological background study objectives
by HydroGeolLogic Inc. (HGL) under the direction of the U.S. Environmental Protection
Agency (EPA). The subsections below describe the background study soil sampling, the
gamma scanning effort, and the rationale for the effort. The primary objective of the Santa
Susana Field Laboratory (SSFL) radiological background study is to determine background
radionuclide concentrations within surface and subsurface soils overlying the two geologic
formations that are present at the SSFL (Chatsworth and Santa Susana Formations). The
potential uses of the data generated from this study are as follows:

e Determine the extent of soil contamination at the SSFL;

e Assist the California Department of Toxic Substances Control (DTSC) in establishing
appropriate cleanup levels;

e Provide background data to be used in human health and ecological risk assessments;
and

o [Establish a reference data set for characterization surveys and site closure surveys
(final status surveys) in accordance with Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) guidance.

To accomplish this primary objective, surface and subsurface soil samples will be collected at
three radiological background reference areas (RBRA) located outside the SSFL property
boundary. Two of these areas overlie the Chatsworth Formation and one area overlies the
Santa Susana Formation. The RBRAs that overlie the Chatsworth Formation are known as the
Lang Ranch Location and the Rocky Peak Location, and the one that overlies the Santa Susana
Formation is known as the Bridle Path Location [Sampling Analysis Plan (SAP) Figure 1.2].

A secondary objective is to determine whether surface soils at the RBRAs have been impacted
by atmospheric releases from the SSFL. This objective must be accomplished to determine
whether soils at the RBRAs are representative of regional background conditions. To
accomplish this secondary objective, surface soil samples will be collected in areas that are
located greater than 10 miles from the SSFL. These locations are referred to as distance test
locations (DTL). Surface soil samples will be collected and analyzed at 20 of the DTLs
identified on SAP Figure 1.6 (for example: 5 in each quadrant). These samples will be
analyzed for a targeted group of radionuclides, which would likely be found in SSFL
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atmospheric releases. Surface soil samples will also be collected at the three RBRAs and
analyzed for the same targeted list of radionuclides. A statistical analysis will be conducted to
determine whether the radionuclide concentrations in surface soil at the individual RBRAs are
higher than the radionuclide concentrations at the DTLs.

1.1 SUMMARY OF ACTIVITIES

The following activities are associated with the study:

e Conduct a screening-level gamma scanning survey of surface soils at the DTLs to
identify potential anomalies.

e Collect surface soil samples for laboratory analysis at both the DTLs and RBRAs.
e Collect subsurface soil samples for laboratory analysis at the RBRAs.
e Conduct a gross gamma scanning survey of surface soils at the RBRAs.

o Analyze surface and subsurface soil samples collected at the RBRAs for a large suite of
radionuclides. The laboratory analyses will be conducted at a fixed laboratory.

e Analyze surface soil samples collected at the DTLs for a select list of radionuclides.
The laboratory analyses will be conducted by Pace Analytical Services located in
Greensburg, Pennsylvania.

e Validate the data to determine the usability of the data.

o Conduct a statistical evaluation of radionuclide concentrations in surface soil samples
collected from the DTLs and the RBRAs to determine whether the RBRAs have been
impacted by SSFL releases.

e Conduct a statistical analysis for surface and subsurface soil data collected at the
RBRASs to determine a background concentration for each radionuclide.

1.2 RADIONUCLIDE SELECTION CRITERIA

The selection of radionuclides for laboratory analyses was a key technical issue that was
addressed during the project planning phase. The primary goal of this effort was to identify
radionuclides that could be present in SSFL soils. The process of selecting radionuclides
involved an extensive technical evaluation and several meetings with the Background Study
Technical Group. Through these discussions, the following criteria were adopted for the
selection of radionuclides that will be included in the RBRA soil analyses:

o Radionuclide was used or produced at SSFL.

o The physical state of the radionuclide was not a gas. An exception to this criterion was
that if the radionuclide was a gas and had a parent not removed from the list, it would
not be proposed for removal.

e Radionuclide has a half-life greater than 1 year. An exception to this criterion is if the
radionuclide has a half-life of less than 1 year and its parent was not removed from the
list. In this case, the radionuclide was not proposed for removal.

e Radionuclide has a preliminary remediation goal (PRG) value.
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Appendix A of this report summarizes the criteria used to identify radionuclides for laboratory
analyses. Table 2 in Appendix A presents the complete list of radionuclides that will be
analyzed in RBRA soils. It should be noted that the desired radionuclide detection limits that
are listed in Appendix A correspond to agricultural PRGs. These were selected as the desired
detection limits, because California law, Article 5.5 in Chapter 6.8 of Division 20 of the
Health and Safety Code (SB990), dictates that radiological contamination at the SSFL should
ultimately be remediated to agricultural PRGs.

Six radionuclides were selected by the Background Study Technical Group for the laboratory
analysis of surface soils collected at the DTLs. These radionuclides were selected by the
Radiological Background Study Technical Workgroup based upon the rationale that they would
likely be found in soils impacted by atmosphere releases from the SSFL. Table 3 in Appendix
A lists these six radionuclides.

1.3 AREA AND LOCATION SELECTION CRITERIA

An extensive evaluation was conducted to identify suitable RBRAs and DTLs. This process
focused on finding sampling locations that were within undeveloped, public parklands and
opens spaces. Initially, the evaluation focused on identifying sites within the Santa Susana or
Chatsworth Formations that could be used for RBRAs. The Background Study Technical
Group, consisting of community members, EPA, Department of Energy (DOE), The Boeing
Company (Boeing), National Aeronautics and Space Administration (NASA), DTSC and
contractors, participated in this evaluation process and the selection of RBRAs. Subsequent
efforts focused on the identification of DTLs, located at least 10 miles from the SSFL. The
Santa Susana and Chatsworth Formations do not extend more than 6 miles from the SSFL.
Consequently, the DTLs could not be located in areas that are not underlain by these geologic
formations.

The identification of both RBRAs and DTLs involved the following activities:

e Development of site selection criteria;

¢ Evaluation of historical studies, maps, and aerial photos;

e Selection of areas for more extensive evaluation;

e Extensive site reconnaissance; and

e Selection of optimal sites based on the selection criteria.
Members of the Background Study Technical Group participated in several field
reconnaissance trips. Most members of the Background Study Technical Group participated in
the site reconnaissance activities associated with the RBRAs. A smaller group consisting of

HGL and several community members conducted the site reconnaissance for the DTLs, and
ultimately identified the DTLs that are discussed below.

The following sections describe the selection criteria for the RBRAs and DTLs.
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1.3.1 Radiological Background Reference Areas

The RBRAs selected for sampling were evaluated based on the following criteria, which were
developed by the Background Study Technical Group:

e Distance and direction from the SSFL;

e Site elevation;

e The size of the area;

e The geologic formation underlying the site (Chatsworth or Santa Susana formations);
e Property access to the location can be obtained;

e The area can be easily cleared for grid spacing, surveying, and sampling;

e The necessary equipment can be mobilized to the site (for example: the site is
physically accessible);

e The area is minimally shielded by the surrounding mountains;

e The area is minimally shielded by heavy vegetation;

e There is no indication of human activity in the area;

e There is a sufficient depth of soil to allow for subsurface soil sampling;
e There is minimal evidence of animal disturbance;

e There is minimal evidence of erosion in the area; and

e There is a minimal presence of protected animals and/or plants in the area.

After an extensive site identification and evaluation process, three RBRAs were selected for
data collection. Two of these areas overlie the Chatsworth Formation and one area overlies
the Santa Susana Formation. The locations of these RBRAs are illustrated on SAP Figure 1.2.

1.3.2 Distance Test Locations

As with the RBRAs, undeveloped, public parklands and opens spaces were evaluated for the
purpose of identifying DTLs. Community members provided considerable input into the
parklands and open spaces that were ultimately considered for further evaluation. The
following criteria were used to identify and select the DTLs:

e FEach location is greater than 10 miles from the SSFL;

e The locations are evenly distributed in all directions surrounding the SSFL, with 10
locations in each compass quadrant — northeast, southeast, southwest and northwest;

e There are no obvious industrial facilities with radioactive materials near any of the
locations;

e The long-term average precipitation for each location is similar to that of the SSFL;
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e Property access for each location can be obtained;
e Each location is physically accessible;

e There is no indication of human activity;

e There is minimal evidence of animal disturbance;
e There is minimal evidence of erosion; and

e There is minimal shielding by heavy vegetation.

Using these evaluation criteria, EPA, community members, and other stakeholders selected at
least 10 DTLs in each compass quadrant. The locations of the DTLs are illustrated on SAP
Figure 1.6.

1.4 INVESTIGATIVE APPROACH

The steps listed below summarize the investigative approach. The number of samples
scheduled to be collected during the study are summarized in Table 1.1 of the FSP. Sample
locations are illustrated on Figures 1.2 through 1.6 of the SAP. One or more split samples
will be collected for each sample that is collected for laboratory analyses. For each soil
sample that is collected, one split sample will be archived at the EPA Region 9 Laboratory.
The archived samples will be held under custody and may be analyzed at a future date.

Step 1: Select Distance Test Locations

Forty DTLs were identified as potential sampling locations with 10 DTLs per compass
quadrant surrounding SSFL (10 locations in the northeast quadrant, 10 locations in the
northwest quadrant, 10 locations in the southeast quadrant, and 10 locations in the southwest
quadrant). A random number generator will be used to identify six of the DTLs in each
quadrant for surface soil sampling. EPA staff will oversee the process that is used to
randomly identify the sampling locations. In the event that one of the locations is not
suitable, an alternative location within the quadrant will be selected using the random number
generator.

Step 2: Conduct Screening-Level Surface Gamma Scanning Survey

Surface gamma scanning survey will be performed at the six DTLs in each quadrant and each
RBRA in accordance with HGL’s standard operating procedure (SOP) number (No.) 35. The
survey will be conducted over an approximately 50 foot by 50 foot area surrounding each DTL
sample location to determine whether there are any anomalies. If an anomaly is detected, the
sampling location will be rejected and another location will be selected randomly. At each
RBRA, 100 percent (%) of the 1-acre area will be surveyed.

Step 3: Collect Surface Soil Samples at Distance Test Locations

One surface soil sample will be collected at each of the six locations in each quadrant of the
DTLs after the gamma survey is completed and measurements indicate no anomalies. After
all six samples are collected, a random number generator again will be used to select five of
the six soil samples from each quadrant for laboratory analysis; all six will be delivered to the
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laboratory(ies). The sixth sample will be archived as a backup sample. Therefore, a total of
20 surface soil samples collected from the DTLs will be submitted to the laboratory for
analysis and 4 samples will be archived for possible future analysis. The potential causes for
invalidation of results include, but are not limited to, quality control issues, values determined
to be outliers, and so forth. Each sample will be analyzed for the radionuclides of potential
concern listed in Appendix A (Table 3).

For quality assurance (QA)/quality control (QC) purposes, two field duplicates and one matrix
spike (MS)/matrix spike duplicate (MSD) sample will be collected and analyzed during the soil
sampling activities.

Step 4: Determine RBRA Sample Locations

The specific sample locations will be positioned in a grid pattern that is superimposed onto
each RBRA in accordance with a Class 1 MARSSIM survey unit. The start location of the
grid will be randomly selected, and the grid nodes will be based on a sample density of 50
samples over a 1-acre area. This number of samples is within the typical range of MARSSIM
guidance and within the range of most MARSSIM final status surveys. The grid will be
triangular in shape to maximize statistical coverage with a grid length of 31.7 feet as
determined in accordance with MARSSIM.

Step 5: Collect Surface Soil Samples at Radiological Background Reference Areas

A total of 100 surface soil samples will be collected at the RBRA areas from ground surface to
a depth of 6 inches. Fifty samples will be collected from the single area overlying the Santa
Susana Formation and a total of 50 will be collected from the two areas overlying the
Chatsworth Formation (for example, 25 surface soil samples at each RBRA).

Five field duplicate samples and three MS/MSD samples will be collected and analyzed from
the Santa Susana Formation RBRA and three field duplicates samples and 2 MS/MSD samples
will be collected and analyzed from each of the Chatsworth Formation RBRAs for QA/QC
purposes (for a total of 11 field duplicates and 7 MS/MSDs).

In addition, 2 additional split soil samples will be collected from both the Santa Susana
Formation and the Chatsworth Formation for the EPA laboratory in Las Vegas, Nevada.
These samples will be collected in the field, milled and sieved to the laboratory mesh size, and
sent to the EPA laboratory in Las Vegas.

Step 6: Collect Subsurface Soil Samples and Conduct Borehole Gamma Survey

Within each geologic formation, 20 subsurface soil samples will be collected and analyzed for
the radionuclides of interest. At each sampling location, a subsurface soil sample will be
collected from a depth interval of 3 to 10 feet below ground surface (bgs). If bedrock is
encountered at a depth that is shallower than 10 feet, then the soil sample will be collected
from a depth interval of 3 feet bgs to refusal. The selected depth interval is thought to be
representative of background conditions for SSFL subsurface soils, because it is not likely to
be impacted by radioactive fallout. The radionuclide concentrations at this depth interval
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should reflect naturally occurring radionuclide concentrations. The soil collected from the
entire depth interval will be composited into one homogenous soil sample.

Two field duplicates and one MS/MSD sample will be collected and analyzed from each
formation for QA/QC purposes.

As part of the sampling process, a gross gamma count rate survey will be conducted for each
borehole in accordance with HGL SOP No. 36. This will be conducted to identify subsurface
anomalies and to characterize the natural subsurface gamma profile.

Step 7: Conduct Laboratory Sample Analysis

All samples will be analyzed for the selected radionuclides using appropriate laboratory
analytical methods. The list of radionuclides in RBRA and DTL soils that will be analyzed are
presented in Appendix A, Tables 2 and 3, respectively.

Step 8: Conduct RBRA Surface Gamma Scanning Survey

The gamma survey will be performed using a gamma scanning system that is being
constructed for the Area IV radiological characterization study currently being planned. The
purpose of the RBRA gamma survey will be to characterize the general distribution of
background gamma radiation. This information will be used to help interpret gamma survey
data that will be subsequently collected on the SSFL. This system will be capable of detecting
low levels of gamma radiation. A comprehensive surface gamma scanning survey will be
performed for the three RBRAs.

Step 9: Data Validation

The sample analytical results will be reviewed to ensure the reported values meet
predetermined criteria. The data validation process is discussed in detail in Section 4.0 of the
Quality Assurance Project Plan (QAPP).

Step 10: Conduct Statistical Analysis of Data

Once the data are determined as useable, statistical analyses will be used to compare
radionuclide concentrations in soil samples collected at the DTLs to radionuclide
concentrations in soil samples collected at the RBRAs. In addition, statistical tests will be
used to determine whether the background data sets that are collected at the three RBRAs can
be combined into one or more larger data sets. Finally, background concentrations will be
calculated for each radionuclide in surface and subsurface soils. The statistical tests that will
be used to conduct this comparison are described in the QAPP.

In addition to the statistical analyses, surface soil sampling results from each of the four DTL
quadrants will be qualitatively evaluated to determine whether there are any quadrants that
contain elevated radionuclide concentrations, compared to the other quadrants.
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2.0 FIELD ACTIVITY METHODS AND PROCEDURES

This section describes the field methodology to be implemented to execute the sampling
activities detailed in Section 1.0. All site work will be conducted in strict accordance with the
protocols detailed in the HGL SOPs provided in Appendix B. Referenced field forms are
included in Appendix C. The following field activities will be performed by HGL personnel:

« Site access;

o Mobilization;

o Procurement of equipment, supplies, and containers;
o Field logbook documentation;

 Site reconnaissance;

o Surface gamma scanning survey;

o Surface soil sampling;

o Borehole gamma logging survey;

o Subsurface soil sampling;

o Borehole abandonment; and

o Equipment decontamination.
2.1 SITE ACCESS

In accordance with EPA protocol, written consent from the site owners of each sampling area
will be obtained before mobilization for sampling. All appropriate local, state and federal
officials, site owners and other affected parties will be notified of the sampling schedule.

2.2 MOBILIZATION

Once signed access agreements have been obtained, HGL will identify and provide all
necessary personnel, equipment, and materials for mobilization and demobilization to and
from the site for the background study activities. All mobilization activities will be conducted
in accordance with HGL SOP No. 1, General Field Operations.

HGL has identified the equipment and supplies necessary to support the background study.
HGL will subcontract a suitable analytical laboratory(ies) and will coordinate with the
laboratory(ies) prior to mobilizing to the field.

2.3 PROCUREMENT OF EQUIPMENT, SUPPLIES, AND CONTAINERS

Equipment and supplies needed for this project include sampling and monitoring equipment,
health and safety supplies, decontamination materials, field operations supplies (for example:
shipping containers, sample containers), and handheld construction equipment.  Most
equipment to be used for this project will be rented. Supplies required to implement sampling
activities will be purchased and are expected to be expended over the course of the
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investigation. The anticipated field equipment and supplies are summarized in Table 2.1 of
the FSP.

2.4 FIELD LOG BOOK DOCUMENTATION
Field logbook documentation is discussed in Section 2.3.3 of the QAPP.
2.5 SURFACE GAMMA SCANNING

A surface gamma scanning survey will be conducted at each of the DTLs and RBRAs to
determine the homogeneity of the surface soil. In addition, the gamma scanning survey data
collected from each RBRA will form a surface soil gamma background data set for each
geological formation. Two methodologies will be utilized to conduct the gamma scanning that
will be conducted during the background study as detailed below.

Screening-Level Gamma Scanning Screening-level gamma scanning will be performed at the
DTLs and RBRAs in accordance with HGL SOP No. 35. The gamma scanning will be
conducted during the soil sampling field mobilization, using a Ludlum Model 44-20 sodium
iodide scintillator detector with a Ludlum Model 2221 rate meter.

Before the survey is conducted, the survey area will be marked. The detector will be fixed at a
height of 6 inches above the ground surface by attaching a strap for hand-held use. The
detector will be moved in a serpentine (S-shape) motion to form a 3 foot wide transect. The
detector scan rate will be approximately 1 to 2 feet per second. The survey will be conducted
by walking a straight line from one side of the survey area to the opposite side. Measurements
(in units of counts per minutes) will be observed while conducting the scanning walkover
survey. If measurements increase by a factor of two, the location will be flagged as possible
anomaly. Upon completion of each transect, we will move 3 feet from the transect centerline
to an adjacent transect. Scanning will continue on transects until 100% of the area has been
scanned.

If flags were placed at potential anomalies, we will return to each location and carefully
resurvey the locations to determine if the anomaly is a concern or was due to natural
background fluctuations. Results of each anomaly survey will be recorded in the field logbook.
The approximate minimum, maximum, and average measurements observed during the survey
will also be recorded in a field logbook.

At the DTLs, a 50-foot by 50-foot area around each sample location will be surveyed.
Measurements will be reviewed in the field to determine the presence of any anomalies. At
the RBRAs, 100% of the soil sampling grid will be surveyed.

RBRA Surface Gamma Survey The RBRA gamma surveys will be accomplished utilizing a
large-area gamma detector system that will be custom-built to provide increased sensitivity for
the project. As of the date of this SAP, this system is in development. Further information
will be provided for this section upon completion and testing of this system. This system will
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not be used at the DTLs since the purpose of the survey is to determine natural background
gamma at each geological formation as a comparison to on-site gamma data.

2.6 SOIL CLASSIFICATION

The soil at each sampling location will classified according the procedures provided in HGL
SOP No. 24, Geologic Borehole Logging and will be lithologically characterized using the
Unified Soil Classification Systems (USCS). The lithology of the unconsolidated material in
all boreholes will be continuously logged. The boring log form in Appendix C will be used
for recording the lithologic logging information. Information on the boring log form includes:
borehole and drilling locations; sampling information such as sample intervals, recovery, and
blow counts; and sample description. Lithologic descriptions of unconsolidated materials
encountered in the boreholes will generally be in accordance with the following American
Society for Testing and Materials (ASTM) Standard Practices:

e Classification of Soils for Engineering Purposes (USCS, ASTM D-2487); and
e Description and Identification of Soils (Visual-Manual Procedure, ASTM D-2488).

Descriptive information to be recorded in the field logbook will include:
o Identification of the predominant particles size and range of particle sizes;
e Maximum particle size or dimension;
o Percent of gravel, sand, fines, or all three;
e Description of grading and sorting of coarse particles;
e Particle angularity and shape;
e Color using Munsell Color System;
e QOdor;
e Moisture content (dry, moist, or wet);
o Consistency of fine grained soils (very soft, soft, firm hard, or very hard);
o Cementation of intact coarse-grained soils (weak, moderate, or strong);
e Plasticity of fine-grained soils;

o Structure of intact soils (stratified, laminated, fissured, slickensided, blocky, lensed, or
homogeneous); and

e USCS group symbol (for example: CL - silty clay, SP - Poorly Graded Sands, etc).

Additional information to be recorded includes the depth to the water table (if encountered),
caving or sloughing of the borehole, changes in drilling rate, depths of laboratory samples,
presence of organic materials, presence of voids, location of geologic boundaries, and other
noteworthy observations or conditions.
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2.7 SURFACE SOIL SAMPLING

Surface soil sampling will be conducted in accordance with HGL SOP No. 16, Surface and
Shallow Depth Soil Sampling, unless otherwise noted. Surface soil sampling will be conducted
in the DTLs and in the RBRAs.

Surface soil samples will be collected using a stainless steel shovel or spade to retrieve a
discrete sample from the O to 6 inches bgs depth interval. Approximately 4 liters of soil will
be required for proper laboratory analysis. The soil sample will be placed directly into an
appropriate sample container, properly labeled, sealed, packaged, and then shipped to the
selected laboratory. Each surface soil sample will be lithologically characterized using the
USCS as detailed in Section 2.6.

2.8 SUBSURFACE SOIL SAMPLING

Subsurface soil sampling will be conducted using direct-push technology (DPT) and hand
augering to collect soil samples with depth. Subsurface sampling will be conducted by a drilling
subcontractor with HGL oversight in accordance with the HGL SOP No. 27 Soil Sampling and
Basic GeoProbe” Operations (Appendix B). Subsurface soils will be continuously sampled
using GeoProbe” Macrocore samplers that provide 1.5-inch diameter, 4-foot long soil cores
contained in acetate sleeves.

Where DPT sampling is not allowed by the property owner, subsurface soils will be sampled
using a decontaminated hand auger.

The general sampling procedure is as follows:

1) Drive the sample apparatus into the sample material.

2) Retract and disassemble the sample apparatus.

3) Remove the acetate liner.

4) Open the acetate liner with a cutting tool.

5) Screen the soil core using a gamma survey meter.

6) Collect the sample using a clean utensil. A minimum of one kilogram will be required.
7) Place the sample in an appropriate container.

The general hand auger sampling procedure is included in HGL SOP No. 16.

The soil sample will be placed directly into an appropriate sample container, properly labeled,
sealed, packaged, and then shipped to the selected laboratory. Each surface soil sample will
be lithologically characterized using the USCS as detailed in Section 2.6.

29 BOREHOLE GAMMA LOGGING SURVEY

After subsurface soil sampling activities are completed, a DPT drive apparatus will be
assembled and advanced down the previously sampled borehole to 10 feet bgs. Once the drive
apparatus has advanced to 6 feet bgs, polyvinyl chloride (PVC) piping with an inner diameter of
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at least 1.5 inches and an end cap will be lowered to the bottom of the borehole. Next,
downward pressure will be applied to the PVC piping to dislodge the disposable tip of the drive
apparatus. The drive apparatus will then be retracted while continually applying downward
pressure to the PVC piping ensuring the PVC remains at least 6 feet bgs. After the drive
apparatus has been fully retracted, the remaining PVC piping will be measured to document the
final completion depth. For areas that need to be hand augered, a 1.5-inch PVC pipe and an end
cap will be lowered to the bottom of the borehole. The borehole gamma survey will be
executed in accordance with HGL SOP No. 36 Borehole Gamma Logging.

2.10 BOREHOLE ABANDONMENT

Each logging/sampling borehole will be sealed with high-solids bentonite grout chips after
completion of activities at each location. Grouting will occur as quickly as possible to
minimize the possibility of contaminant migration. Each borehole will be patched at the
surface with native soil.

2.11 EQUIPMENT DECONTAMINATION
Equipment decontamination is discussed in Section 2.2.4 of the QAPP.
2.12  FIELD BLANK SAMPLING

The field blank samples will consist of equipment blanks and source blanks. One equipment
blank sample will be collected per field team per day. These samples will be collected to
ensure each field team is properly decontaminating their sampling supplies. The source
samples will be collected at a frequency of one per day. The source samples are necessary to
document the existing radionuclide concentrations in the water used to collect the equipment
blank sample.
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3.0 INVESTIGATION-DERIVED WASTE MANAGEMENT

The investigation-derived waste (IDW) that will be generated during the SSFL background
study field activities will consist of disposable personal protective equipment (PPE) and
general municipal refuse. Used PPE and general refuse will be collected in garbage bags and
disposed of as solid municipal waste.
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Table 1.1
Summary of Surface and Subsurface Soil Sample Collection
Radiological Background Study

Activity

Location

|

Number of Samples

Surface Soil Samples

Soil Sampling*

Radiological Background Reference Areas

50 samples per geologic formation (100 total)

Field Duplicate Radiological Backeround Reference Areas 5 samples from the Santa Susana Formation location and 3 from each of the
QA/QC Sampling (10%) & & Chatsworth Formations locations (11 total)
MS and MSD 3 samples from the Santa Susana Formation location and 2 from each of the

QA/QC Sampling (5%)

Radiological Background Reference Areas

Chatsworth Formations locations (7 total)

Split samples for EPA lab

Radiological Background Reference Areas

2 samples from the Santa Susana Formation and 2 samples from the
Chatsworth Formation (4 total)

Soil Sampling

Distance Test Location

5 samples per quadrant (20 total)

Soil Contingency Sampling
(20%)

Distance Test Location

1 sample per quadrant (4 total).

Field Duplicate
QA/QC Sampling (10%)

Distance Test Location

2 samples total

MS and MSD
QA/QC Sampling (5%)

Distance Test Location

1 sample total

Sub-Surface Soil Samples

Soil Sampling*

Radiological Background Reference Areas

20 samples per geologic formation (40 total)

Field Duplicate QA/QC
Sampling (10%)

Radiological Background Reference Areas

2 samples per geologic formation (4 total)

MS and MSD QA/QC
Sampling (5 %)

Radiological Background Reference Areas

1 sample per geologic formation (2 total)

Notes:

1) Extra sample volume will be collected from designated locations to account for quality assurance/quality control samples.
2) Surface soil samples will be collected from ground surface to a depth of 6 inches.
3) The contingency samples will not be analyzed unless needed.

4) The radionuclides of interest are listed in Table 1.11 of the Quality Assurance Project Plan.

5) The depth of the subsurface soil samples will be determined in the field based on the depth to bedrock.
* An archived sample will be collected and stored.

MS
MSD

Matrix Spike
Matrix Spike Duplicate

QA/QC  Quality Assurance/Quality Control
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Table 2.1

Field Equipment and Supplies

Sampling Supplies

Sample containers

Deionized water

Sample shipping coolers

Shipping material (packaging tape, bubble wrap)

Baggies Sampling field forms
Plastic containers Sample labels
Alconox Chain-of-Custody forms

Plastic spray bottles

Custody seals

Acetate liners for Geoprobe®

Sampling Equipment

Stainless steel shovel and/or spade

Laptop computer

Custom sample preparation processing equipment

GPS +/o0 surveying equipment

Ludlum Model 2221 Gamma Survey Logger

Custom Gamma Survey Equipment

Ludlum Model 44-1 Gamma Survey Logger

Geoprobe® or equivalent equipment

Health and Safety

Hard hat

Eye wash station

Safety vest

First aid kits

Safety glasses

Fire extinguishers

Hearing protection

Drinking water

Snake bite kit

Insect repellent

Communication devices (i.e. satellite radio)

Sunblock

General Field Operations

Logbooks Indelible ink pens

Digital camera Paper towels

Kimwipes Trash bags

Plastic sheeting 5-gallon buckets for decontamination
Measuring tape Utility knives

Munsell color chart

Clear/duct tape

Brushes
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August 17, 2009

Ra-227 and parents have a very short half-life. Fr-223
Ac-227  |actinium-227+D 21.772 Years 0.0831 AS 0.042 Yes Ra-227/Pa-231 Th-227+D/Fr-223+D and daughters have a very short half-life. Th-227 and Pass
daughters have a very short half-life.
Ac-228 |actinium-228 6.15 Hours 731 GS 0.225 Yes Ra-228 Th-228+D None Pass-Parent
Ag-108  |silver-108 2.37 Minutes | 6010000 TBD TBD TBD Ag-108m None None Pass-Parent
Ag-108m |silver 108m 418 Years 0.00629 GS 0.0398 No None Ag-108 None Pass
Ag-110 |silver-110 24.6 Seconds| 17600000 TBD TBD TBD Ag-110m None None 3
Ag-110m |silver-110m 249.76 Days 0.152 GS 0.0391 Yes None Ag-110 None 3
Ag-111  |silver-111 7.45 Days 13.6 TBD TBD TBD Pd-111 None Pd-111 and parents have a very short half-life. 3
Al-28 aluminum-28 2.2414 Minutes 58400 TBD TBD TBD Mg-28 None None 3
Am-241 |americium-241 432.6 Years 0.0132 AS 0.0939 No Pu-241/Cm-241 Np-237+D None Pass
Parents of Bk-247 (1380 year half-life) have a very
. short half-life. Pu-243 and parents have a very short
Am-243 |americium-243+D 7,370 Years 0.0111 AS 0.0466 No Pu-243/Bk-247 Np-239+D half-life, except for Cm-247 (1.56E+7 year halflife) Pass
and Cf-251 (898 year half-life).
Ar-39 argon-39 269 Years 148 TBD TBD TBD CIl-39 None CI-39 and parents have a very short half-life. 2
Ar-41 argon-41 109.61 Minutes 1740 GS 4.14 Yes Cl-41 None Cl-41 and parents have a very short half-life. 2,3
As-76 arsenic-76 1.0942 Days 365 TBD TBD TBD None None None 3
As-77 arsenic-77 38.83 Hours 8190 TBD TBD TBD Ge-77 None Ge-77 and parents have a very short half-life. 3
Ba-133 |barium-133 10.5 Years 0.161 GS 0.004 Yes Ba-133m/La-133 None Eaal_f-llﬁgm and La-133 and parents have a very short Pass
||Ba—135m barium-135m 28.7 Hours 4020 TBD TBD TBD None None None 3
Ba-137m |barium-137m 2552 | Minutes | 178000 GS TBD TBD  |Cs-137/La-137 None Farents l‘f’_f”'f‘:'137 (6E+4 years half-ife) have avery | paqq parent
||Ba—139 barium-139 83.06 Minutes 88900 GS 30.7 Yes Cs-139 None Cs-139 and parents have a very short half-life. 3
||Ba—140 barium-140 12.7527 Days 83.7 GS 0.187 Yes Cs-140 La-140 Cs-140 and parents have a very short half-life. 3
||Be—10 beryllium-10 1.51E+06 | Years 11.6 LS 2.253 Yes None None None Pass
||Bi—210 bismuth-210 5.012 Days 1340 TBD TBD TBD Pb-210/At-214 Po-210 At-214 and parents have a very short half-life. Pass-Parent
At-216 and parents have a very short half-life. Po-214
Bi-212 bismuth-212 60.55 Minutes 22400 GS 0.763 Yes Pb-212/At-216 Po-212+D/TI-208 has a very short half-life and no radioactive Pass-Parent
daughters.
At-218 and parents have a very short half-life. Po-214
Bi-214 bismuth-214 19.9 Minutes 8190 GS 0.112 Yes Pb-214/At-218 Po-214+D and daughters have a very short half-life except for | Pass-Parent
Pb-210.
||Bk-249 berkelium-249 330 Days | 6610 TBD TBD TBD  |Cm-249/Es-253 Cf-249+D e and Es-253 and parents have a very short 3
Br-82 bromine-82 35.282 Hours 45.8 TBD TBD TBD Br-82m None Br-82m does not have a parent. 3
C-14 carbon-14 5,700 Years | 0.0000563 LS 0.028 No B-14 None B-14 and parents have a very short half-life. Pass
Ca-45 calcium-45 162.61 Days 31.4 TBD TBD TBD K-45 None K-45 and parents have a very short half-life. 3
Ca-47 |calcium-47 4,536 Days 32.4 TBD TBD TBD  |K-47 Sc-47 L SIS VR R EutelBEN AL 2 e 3
half-life has a very short half-life.
Cd-109 |cadmium-109 461.4 Days 0.266 GS 0.819 No In-109 None In-109 and parents have a very short half-life. 3
Cd-113 |cadmium-113 7.7E+15 Years 0.0028 TBD TBD TBD Ag-113 None Ag-113 and parents have a very short half-life. Pass
Cd-113m |cadmium-113m 141 Years 0.00526 TBD TBD TBD None None None Pass
Cd-115 |cadmium-115 53.46 Hours 271 TBD TBD TBD Ag-115 In-115m Ag-115 and parents have a very short half-life. 3
Cd-115m |cadmium-115m 44.56 Days 0.75 TBD TBD TBD None In-115 None 3
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Ce-141 [cerium-141 32.508 Days 84.6 GS 0.0653 Yes La-141 None La-141 and parents have a very short half-life. 3
Ce-143 [cerium-143 33.039 Hours 507 TBD TBD TBD La-143 Pr-143+D La-144 and parents have a very short half-life. 3
Ce-144 [cerium-144+D 284.91 Days 3.45 GS 0.282 Yes La-144 Pr-144+D La-144 and parents have a very short half-life. 3
Cf-249  |californium-249 351 Years | 00613 AS 0.042 Yes  |Bk-249/Fm-253/Es-249 |Cm-245+D Fmass and Es-249 and parents have a very short Pass
Cl-36 chlorine-36 3.01E+05 | Years 0.0102 TBD TBD TBD None None None Pass
Cm-241 |curium-241 32.8 Days 13.1 GS 0.0523 Yes  |Cf-245/Bk-241 Am-241+D/Pu-237 E;]ﬁﬁ;and e Gl [N R Y287 Sl 3
Cm-242 |curium-242 162.8 Days 18.9 TBD TBD TBD  |Am-242/BK-242/Cf-246  |Pu-238+D Qr?;rfﬁ; 3:;242' Sl G DRl PEEER TR ey 3
Cm-243 |curium-243 29.1 Years 0.127 AS 0.042 Yes Bk-243 Pu-239+D Bk-243 and parents have a very short half-life. Pass
Am-244 has a very short life but its parent is Bk-248
(greater than 9 year half-life); the parent of Bk-248 is
Cm-244  |curium-244 18.1 Years |  0.304 AS 0.03 Yes  |Am-244/Cf-248/Bk-244  |Pu-240+D Es-252 (4717 day halflife); parents of Es-252 have g (¢
very short half life. Cf-248 and parents have a half-lifd
of less than 1 year. Bk-244 and parents have a very
short half-life.
Cm-245  |curium-245 8500 | Years | 0.0922 AS 0.03 Yes  |Am-245/Cf-249/Bk-245 |Pu-241+D Ariv245 and Ble245 and parents have a very short Pass
Bk-246 and parents have a very short half-life.
Cm-246  |curium-246 4760 | vears | 0.129 AS 0.03 Yes  |Am-246/Cf-250/Bk-246  |Pu-242+D Parents of Cf-250 (13.03 year half-life) have a very Pass
short half life. Am-246 and parents have a very short
half-life except for Cm-250 (8.3E+3 year half-life).
Am-248 and Bk-248m have short half-life and have
Cm-248 |curium-248 348,000 | Years | 0.00143 AS 0.0111 No  |Am-248/Ct-252/Bk-248m |Pu-244+D no parents. Parents of Cf-252 (2.645 year half-life) Pass
have a very short half-life except Es-252 (471.7 day
half-life); parents of Es-252 have a very short half life
Co-58 cobalt-58 70.86 Days 0.127 GS 0.0466 Yes Co-58m None Co-58m has a very short and has no parents. 3
Co-60  |cobalt-60 5275 | Years | 0000901 | GS 0.0012 No  |Fe-60 None parens of Fe-60 (1.5E+6 years) have a very short Pass
Cr-51 chromium-51 27.7025 Days 241 GS 0.404 Yes Mn-51 None Mn-51 and parents have a very short half-life. 3
Cs-132  [cesium-132 6.480 Days 15.5 TBD TBD TBD None None None 3
Cs-134  |cesium-134 2.0652 Years 0.00747 GS 0.004 Yes Cs-134m None Cs-134m has a very short half-life and no parents. Pass
Cs-135 [cesium-135 2.3E+06 Years 0.00509 GS 0.0357 No Xe-135 None None Pass
Cs-136 |cesium-136 13.04 Days 1.56 GS 0.0491 Yes Cs-136m None Cs-136m has a very short half-life and no parents. 3
Cs-137  |cesium-137+D 30.08 Years 0.0012 GS 0.0012 Yes Xe-137 Ba-137m Xe-137 and parents have a very short half-life. Pass
Cs-138  [cesium-138 33.41 Minutes 3030 TBD TBD TBD Xe-138 None Xe-138 and parents have a very short half-life. 3
Cu-64 copper-64 12.701 Hours 553000 GS 20.2 Yes None None None 3
Cu-67 copper-67 61.83 Hours 767 TBD TBD TBD Ni-67 None Ni-67 and parents have a very short half-life. 3
Dy-165 |dysprosium-165 2.334 Hours 91700 TBD TBD TBD Th-165 None Th-165 and parents have a very short half-life. 3
||Er—169 erbium-169 9.392 Days 84100 TBD TBD TBD Ho-169 None Ho-169 and parents have a very short half-life. 3
||Er—17l erbium-171 7.516 Hours 1900 TBD TBD TBD Ho-171 Tm-171 Ho-171 and parents have a very short half-life. 3
Eu-152  |europium-152 13.537 Years 0.0376 GS 0.011 Yes Eu-152m2 Gd-152+D Eu-152m2 has a very short half-life and no parents. Pass
[Eu-152m [europium-152m 93116 | Hours 1640 TBD TBD TBD  [None Gd-152+D None 3
||Eu—154 europium-154 8.593 Years 0.0472 GS 0.013 Yes Eu-154m None Eu-154m does not have any parents. Pass
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Eu-155 |europium-155 4,753 Years 3.74 GS 0.011 Yes Sm-155 None Sm-155 and parents have a very short half-life. Pass
Eu-156 |europium-156 15.19 Days 8.4 TBD TBD TBD Sm-156 None Sm-156 and parents have a very short half-life. 3
Fe-55 iron-55 2.737 Years 0.821 LS 2 No Co-55 None Co-55 and parents have a very short half-life. Pass
Fe-59 iron-59 44.495 Days 1.2 GS 0.0915 Yes Mn-59 None Mn-59 and parents have a very short half-life. 3
Ga-72 gallium-72 14.095 Hours 105 TBD TBD TBD Zn-72 None Zn-72 and parents have a very short half-life. 3
Gd-152 |gadolinium-152 1.08E+14 Years 4.8 ICP-MS 0.001 Yes Eu-152/Tb-152 Sm-148+D Th-152 and parents have a very short half-life. Pass-Parent
Gd-153 [gadolinium-153 240.4 Days 21.5 GS TBD TBD Th-153 None Th-153 and parents have a very short half-life. 3
Gd-159 [gadolinium-159 18.479 Hours 6200 TBD TBD TBD Eu-159 None Eu-159 and parents have a very short half-life. 3
H-3 tritium (H-3) organic 12.32 Years 0.16 LS 0.148 Yes None None None Pass
Ho-166 [holmium-166 26.824 Hours 6070 TBD TBD TBD Dy-166 None Dy-166 and parents have a very short half-life. 3
Ho-166m [holmium-166m 1,230 Years 0.011 GS 0.005 Yes None None None Pass
1-129 iodine-129 1.57E+07 Years | 0.0000276 XS 0.412 No Te-129 None None Pass
1-130 iodine-130 12.36 Hours 8.77 GS 0.0811 Yes 1-130m None 1-130m has a very short half-life and no parents. 3
Te-131 and parents have a very short half-life. Xe-
1-131 iodine-131 8.0252 Days 0.0833 GS 0.0478 Yes Te-131 Xe-131m 131m has a very short half-life with no radioactive 3
daughters.
1-132 iodine-132 2.295 Hours 271 TBD TBD TBD Te-132 None None 3
1-133 iodine-133 20.8 Hours 2.34 GS 0.0710 Yes Te-133 Xe-133 Te-133 and parents have a very short half-life. 3
1-134 iodine-134 52.5 Minutes 1260 TBD TBD TBD Te-134 None Te-134 and parents have a very short half-life. 3
1-135 iodine-135 6.58 Hours 33.2 GS 0.345 Yes Te-135 Xe-135+D Te-135 and parents have a very short half-life. 3
In-115 indium-115 4.41E+14 Years 4.14 ICP-MS 0.001 Yes Cd-115m/In-115m None None Pass
In-115m |indium-115m 4.486 Hours 7210 TBD TBD TBD Cd-115 In-115 None 3
K-40 potassium-40 1.248E+09 | Years 0.0445 GS 0.0445 Yes None None None Pass
Kr-79  |krypton-79 35.04 | Hours 538 TBD TBD TBD  |Kr-79m/Rb-79 None :;;-79m LRSI ISP LRI U EL
Kr-81  |krypton-81 229,000 | Years 3.84 TBD TBD TBD  |Kr-81m/Rb-81 None E;Sl S RS R I SN S T U 2
Kr-85 krypton-85 10.73 Hours 22.3 TBD TBD TBD Br-85 None Br-85 and parents have a very short half-life. 23
La-140 lanthanum-140 1.67855 Days 43.8 GS 0.0804 Yes Ba-140 None None 3
Mg-28 magnesium-28 20.915 Hours 148 TBD TBD TBD Na-28 Al-28 Na-28 and parents have a very short half-life. 3
||Mn-54 manganese-54 312.12 Days 0.369 GS 0.0486 Yes None None None 3
Mn-56 manganese-56 2.5789 Hours 782 GS 1 Yes Cr-56 None Cr-56 and parents have a very short half-life. 8
Mo-93 |molybdenum-93 4000 | Years 1.0 TBD TBD TBD  |Mo-93m/Tc-93 Nb-93m Mo-93m has a very short halflife and no parents. Tef -,
93 and parents have a very short half-life.
Mo-99 molybdenum-99 65.94 Hours 437 GS 0.398 Yes Nb-99 Tc-99 NDb-99 and parents have a very short half-life. 3
Na-22 sodium-22 2.6027 Years 0.0852 GS 0.005 Yes Mg-22 None Mg-22 and parents have a very short half-life. Pass
Na-24 sodium-24 14.997 Hours 61.5 GS 0.0776 Yes Ne-24 None Ne-24 and parents have a very short half-life. 8
Nb-93m  [niobium-93m 16.13 Years 137 LS 25 Yes Zr-93/Mo-93 None None Pass
Nb-94 niobium-94 2.03E+04 | Years 0.0115 GS 0.004 Yes Nb-94m None Nb-94m has a very short half-life and no parents. Pass
Nb-95 niobium-95 34.991 Days 6.81 GS 0.0436 Yes Zr-95/Nb-95m None None 3
Nb-95m [niobium-95m 3.61 Days 984 GS 0.168 Yes None Nb-95 None 3
Nb-97 niobium-97 72.1 Minutes 5690 TBD TBD TBD Zr-97/Nb-97m None None 3
Nb-97m  [niobium-97m 58.7 Seconds| 365000 TBD TBD TBD None Nb-97 None 3
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Nd-144  [neodymium-144 2.29E+15 | Years |NotAvailable] TBD TBD TBD Sm-148/Pr-144/Pm-144 |None Pm-144 and parents have a very short half-life. 5
Nd-147 |neodymium-147 10.98 Days 156 GS 0.138 Yes Pr-147 Pm-147+D None 3
Ni-59 nickel-59 76,000 Years 2.15 XS 1.766 Yes Cu-59 None Cu-59 and parents have a very short half-life. Pass
Ni-63 nickel-63 100.1 Years 1.01 LS 0.501 Yes Co-63 None Co-63 and parents have a very short half-life. Pass
Ni-65 nickel-65 2.5172 Hours 2840 TBD TBD TBD Co-65 None C0-65 and parents have a very short half-life. 8
Ni-66  |nickel-66 546 | Hours 126 TBD TBD TBD  |Co-66 Cu-66 Co-66 and parents have a very short half-ife. Cu-66 3
and daughters are very short half-life.
Np-236  |neptunium-236 1.53E+05 | Years 0.00281 TBD TBD TBD Am-240 Pu-236+D/U-236 Am-240 and parents have a very short half-life. Pass
Np-237 |neptunium-237+D | 2.144E+06 | Years | 0.000448 AS 0.0111 No U-237/Am-241/Pu-237  |Pa-233+D U-237 and parents have a very short half-life. See U- Pass
233 for long life daughters of Pa-233.
Np-239  [neptunium-239 2.356 Days 22.6 GS 0.132 Yes U-239/Am-243 Pu-239+D U-239 and parents have a very short half-life. Pass-Parent
P-32 phosphorus-32 14262 | Days 51.5 TBD TBD TBD  |Si-32 None :i:fzre”ts OifeEeia (s REE el ) £V VEly S naie! 3
||Pa—231 protactinium-231 32,760 Years 0.21 AS 0.042 Yes Th-231/U-231 Ac-227+D U-231 and parents have a very short half-life. Pass
Pb-205m and Bi-205 and parents have a very short
Pb-205 [lead-205 1.73E+07 | Years 0.153 TBD TBD TBD Pb-205m/Bi-205/P0-209 |None half-life. Parents of Po-209 (102 year half-life) have a Pass
very short half-life.
TI-210 and parents have a very short half-life. Long
Pb-210 |lead-210+D 22.20 Years | 0.0000642 GS 0.019 No TI-210/Po-214 Bi-210+D life parents of Po-214 are found in Cf-250 decay Pass
series.
Pb-212 [lead-212 10.64 Days 80 GS 0.0906 Yes  |Po-216 Bi-212+D Long life parents of Po-216 are found inCm-244, CM{ oo oo
248, and Np-236 decay series.
||Pb—214 lead-214 268 | Minutes | 34900 GS 0.114 Yes  |Po-218 Bi-214+D Long life parents of Po-218 are found in Cf-250 Pass-Parent
decay series.
||Pd—107 palladium-107 6.50E+06 | Years 24 TBD TBD TBD Rh-107 None Rh-107 and parents have a very short half-life. Pass
||Pd-109 palladium-109 13.7012 Hours 24600 TBD TBD TBD Rh-109 None Rh-109 and parents have a very short half-life. 8
||Pm—147 promethium-147 2.6234 Years 669 LS TBD TBD Nd-147 Sm-147 None Pass
||Pm-148 promethium-148 5.368 Days 56 TBD TBD TBD Pm-148m Sm-148+D None 3
||Pm-148m promethium-148m 41.29 Days 2.28 TBD TBD TBD None Pm-148+D None 3
||Pm-149 promethium-149 53.08 Hours 7490 TBD TBD TBD Nd-149 None Nd-149 and parents have a very short half-life. 3
||Pm-151 promethium-151 28.40 Hours 562 TBD TBD TBD Nd-151 Sm-151 Nd-151 and parents have a very short half-life. 3
P0-210 |polonium-210 138.376 | Days 19.4 TBD TBD TBD  |Bi-210/At-210/Rn-214  |None ':;fz_ﬁ?ea”d Rn-214 and parents have avery short | o o b ent
||Pr-142 praseodymium-142 19.12 Hours 3310 TBD TBD TBD Pr-142m None Pr-142m has a very short half-life and no parents. 3
||Pr-143 praseodymium-143 13.57 Days 7530 TBD TBD TBD Ce-143 None None 3
||Pr-144 praseodymium-144 17.28 Minutes 363000 TBD TBD TBD Ce-144 Nd-144 None 3
||Pr-147 praseodymium-147 13.4 Minutes 23700 TBD TBD TBD Ce-147 Nd-147+D Ce-147 and parents have a very short half-life. 3
||Pu-236 plutonium-236 2.585 Years 0.104 AS 0.021 Yes Np-236/Cm-240 U-232+D Cm-240 and parents have a very short half-life. Pass
. Pu-237m/Am-237/Cm- Pu-237m has a very short half-life and no parents.
Pu-237  [plutonium-237 45.2 Days 105 TBD TBD TBD 241 Np-237+D/U-233 Am-237 and parents have a very short half-life. 3
||Pu-238 plutonium-238 87.7 Years 0.00731 AS 0.00731 Yes Np-238/Cm-242 U-234+D Np-238 has a very short half-life and no parents. Pass
Pu-239  |[plutonium-239 24,110 Years 0.00609 AS 0.00609 Yes Np-239/Cm-243/Am-239 |U-235+D Am-239 and parents have a very short half-life. Pass
Am-240 and parents have a very short half-life. Long
Pu-240  |plutonium-240 6,561 Years 0.0061 AS 0.00609 Yes Np-240/Am-240/Cm-244 |U-236+D life parents of Np-240, which has a very short half- Pass

life, are found in Cm-248 decay series.
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Pu-241  |plutonium-241 14.290 Years 1.05 LBC 0.835 Yes Np-241/Cm-245 Am-241+D Np-241 has a very short half-life and no parents. Pass

Np-242 and parents have a very short half-life. Long
Pu-242  [plutonium-242 375,000 Years 0.00642 AS 0.00642 Yes Np-242/Am-242/Cm-246 |U-238+D life parents of Am-242, which has a very short half- Pass
life, are found in Cm-242 decay series.

Pu-244  |plutonium-244+D 8.00E+07 | Years 0.00506 TBD TBD TBD Cm-248/Np-244 U-240+D Np-244 has a very short half-life and no parent. Pass
Ra-226 |radium-226+D 1,600 | Years | 0.000632 D 0.003 No Th-230/Fr-236/Ac-226  |Rn-222+D Fr-216 and parents have a very short half-life. Ac-22§ 5o
has a very short half-life and no parents.
||Ra—228 radium-228+D 5.75 Years 0.00116 GS 0.01 No Th-232/Fr-228 Ac-228+D Fr-228 and parents have a very short half-life. Pass
||Rb-86 rubidium-86 18.642 Days 71.7 GS 0.751 Yes Rb-86m None Rb-86m has a very short half-life and no parents. 3
||Rh-103m rhodium-103m 56.114 Minutes | 84400000 TBD TBD TBD Ru-103 None None 3
Rh-106 [rhodium-106 30.07 Seconds| 2530000 GS 0.470 Yes Ru-106 None None 3

At-220 and Fr-220 and parents have a very short half
life. Long life parents of Ra-224, which has a very
Rn-220 ([radon-220 55.6 Seconds| 774000000 GS 34.6 Yes Ra-224/At-220/Fr-220 Po-216+D short half-life, are found in Cm-244 and Cm-248 Pass-Parent
decay series. Po-216 and daughters have a very
short half-life.

At-222 and parents have a very short half-life. Po-214

Rn-222  |radon-222+D 3.8235 Days 127000 TBD TBD TBD Ra-226/At-222 Po-218+D . Pass-Parent
and daughters have a very short half-life.
Rn-224  [radon-224 107 Minutes |Not Available| TBD TBD TBD None Fr-224+D Fr-224 and daughters have a very short half-life. 2,35
Rn-225 [radon-225 4.66 Minutes |Not Available|  TBD TBD TBD None Fr-225+D Fr-225 and daughters have a very short half-life. 5
||Ru-103 ruthenium-103 39.26 Days 6.81 GS 0.0394 Yes Tc-103 Rh-103m Tc-103 and parents have a very short half-life. 3
Ru-106 [ruthenium-106+D 371.8 Days 0.172 GS 1 No Tc-106 Rh-106 Tc-106 and parents have a very short half-life. 3
Sb-122  |antimony-122 2.7238 Days 158 GS 0.0657 Yes Sb-122m None Sb-122m has a very short half-life and no parents. 3
Sb-124  |antimony-124 60.20 Days 1.58 GS 0.0479 Yes Sb-124m None Sb-124m has a very short half-life and no parents. 3
Sb-125 |antimony-125+D 2.7586 Years 0.46 GS 0.009 Yes Sn-125 Te-125m None Pass
Sc-46 scandium-46 83.79 Days 1.05 GS 1 Yes Sc-46m None Sc-46m has a very short half-life and no parents. 3
Sc-48  [scandium-48 4367 | Hours 28.7 TBD TBD TBD  |Ca-48 None :ﬁg‘;”;i l‘f’_f"fea"‘s (1.9E19 year half-life) have a very 3
Se-79 selenium-79 2.95E+05 [ Years 0.132 TBD TBD TBD As-79 None As-79 and parents have a very short half-life. Pass
Si-31 silicon-31 2.62 Hours 685000 TBD TBD TBD Al-31 None Al-31 and parents have a very short half-life. 3
Sm-146 |samarium-146 1.03E+08 | Years 357 TBD TBD TBD  |Pm-146/Eu-146 None Pm-146 (5.53 year half-life) has no parents. Eu-146 Pass
and parents have a very short half-life.
Sm-147 [samarium-147 1.06E+11 | Years 3.93 ICP-MS 0.001 Yes Pm-147/Eu-147 None Eu-147 and parents have a very short half-life. Pass
Sm-148 |samarium-148 7E+15 Years |Not Available TBD TBD TBD Gd-152/Pm-148/Eu-148 |Nd-144 Eu-148 and parents have a very short half-life. 5
Sm-151 |samarium-151 90 Years 242 GPC 200 Yes Pm-151 None None Pass
Sm-153 [samarium-153 46.284 Hours 3970 TBD TBD TBD Pm-153 None Pm-153 and parents have a very short half-life. 3
Sn-117m |tin-117m 13.76 Days 132 TBD TBD TBD In-117 None In-117 and parents have a very short half-life. 3
Sn-119m |[tin-119m 293.1 Days 1030 TBD TBD TBD In-119 None In-119 and parents have a very short half-life. 3
Sn-121  |tin-121 27.03 Hours 613000 GS 10 Yes In-121/Sn-121m None In-121 and parents have a very short half-life. Pass-Parent
Sn-121m |[tin-121m 43.9 Years 41.4 TBD TBD TBD None Sn-121 None Pass
Sn-125  |tin-125 9.64 Days 56.9 TBD TBD TBD In-125 Sb-125+D In-125 and parents have a very short half-life. 3
Sn-126  |tin-126 2.30E+05 | Years 0711 GS 0.1 Yes  [in-126 Sb-126m+D In-126 and parents have a very short half-life. Sb- Pass
126m and daughters have a very short half-life.
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Sr-87m  [strontium-87m 2.815 Hours 4890 TBD TBD TBD Y-87 None Y-87 and parents have a very short half-life. 3
Sr-89 strontium-89 50.53 Days 0.929 TBD TBD TBD Rb-89 None Rb-89 and parents have a very short half-life. 3
Sr-90 strontium-90+D 28.90 Years 0.00139 LBC 0.001 Yes Rb-90 Y-90 Rb-90 and parents have a very short half-life. Pass
Sr-91 strontium-91 9.63 Hours 272 TBD TBD TBD Rb-91 Y-91 Rb-91 and parents have a very short half-life. 3
Sr-92 strontium-92 2.66 Hours 758 TBD TBD TBD Rb-92 Y-92 Rb-92 and parents have a very short half-life. 3
Tb-160 |terbium-160 72.3 Days 2.24 GS 1 Yes None None None 3
Tb-161  |terbium-161 6.906 Days 3230 TBD TBD TBD Gd-161 None Gd-161 and parents have a very short half-life. 3
Tc-99 technetium-99 211,100 Years 0.00557 Eichrom 0.1 No Mo-99/Tc-99m None None Pass
Tc-99m |technetium-99m 6.0058 Hours 4110 GS 0.121 Yes None Tc-99 None 3
Te-125m |[tellurium-125m 57.40 Days 32 TBD TBD TBD Sb-125/Te-129m None None Pass-Parent
Te-129  |tellurium-129 69.6 Minutes 65300 TBD TBD TBD Sb-129 1-129 Sb-129 and parents have a very short half-life. 3
Te-129m |[tellurium-129m 33.6 Days 11.2 TBD TBD TBD None Te-129+D None 3
Te-132  |tellurium-132 3.204 Days 83.4 GS 0.0445 Yes Sb-132 1-132 Sb-132 and parents have a very short half-life. 3
Th-228  [thorium-228+D 1.9116 Years 0.0338 GS 2.44 No Ac-228/U-232 Ra-224+D Ra-224 and daughters have a very short half-life. Pass-Parent
Th-229  |thorium-229+D 7880 | Years | 0.00171 AS 0.015 No  |Ac-220/U-233 Ra-225+D 5;2:: da;;:riig:;zs;z;ingﬁ;‘f’_ﬁfzf"'“fe‘ Al Ppass
Th-230  |thorium-230 75400 | Years | 0.0105 AS 0.015 No  |Ac-230/Pa-230/U-234  |Ra-226+D ggézsgsagigirzﬂithﬁ;’liIﬁe"zg ds::g;;';'t'_'fe' Pa- Pass
Th-231  |thorium-231 25.52 Hours 3310 GS 0.456 Yes U-235/Ac-231 Pa-231+D Ac-231 and parents have a very short half-life. Pass-Parent
Th-232  [thorium-232 1.405E+10 | Years 0.00942 AS 0.015 No Ac-232/U-236 Ra-228+D Ac-232 and parents have a very short half-life. Pass
Th-234  thorium-234 241 | Days 153 Gs 0.514 Yes  |Ac-224/U-238 Pa-234m+D foaa ;T% parents zznz&;‘;rﬁfg‘;ggjﬁ"fe SeeU1 pass-Parent
TI-208 thallium-208 3.053 Minutes 22600 GS 0.0532 Yes Hg-208/Bi-212 None Hg-208 has a very short half-life and no parent. Pass-Parent
Tm-170 |thulium-170 128.6 Days 483 TBD TBD TBD None None None 3
Tm-171  |thulium-171 1.92 Years 1250 TBD TBD TBD Er-171 None None Pass
Np-232 and parents have a very short half-life. Pu-
U-232 uranium-232 68.9 Years 0.00059 TBD TBD TBD Pu-236/Np-232/Pa-232  |Th-228+D 236 and Pa-232 have long life parents found in the Pass
Cm-244 and Cm-248 decay series.
Long life parents of Pa-233, which has a very short
U-233 uranium-233 1.592E+05 | Years 0.00184 TBD TBD TBD Pa-233/Pu-237/Np-233  |Th-229+D half-life, are found in Bk-249 decay series. Np-233 Pass
and parents have a very short half-life.
Long life parents of Pa-234, which has a very short
U-234 uranium-234 245,500 Years 0.00187 LAS 0.001 Yes Pa-234/Np-234/Pu-238  |Th-230+D half-life, are found in Th-234 decay series. Np-234 Pass
and parents have a very short half-life.
U-235  |uranium-235+D 7.040E+08 | Years | 0.00181 LAS 0.001 Yes  |Pa-235/Np-235/Pu-239  [Th-231+D E:I}_zlﬁg_a“d Np-235 and parents have a very short Pass
U-236 uranium-236 2.3420E+07| Years 0.00198 LAS 0.001 Yes Pa-236/Np-236/Pu-240  |Th-232+D Pa-236 and parents have a very short half-life. Pass
U-238  |uranium-238+D 4.468E+09 | Years | 0.00147 LAS 0.001 Yes  |Pa-238/Np-238/Pu-242  |Th-234+D Pa-238 and parents have a very short half-life. Np- Pass
238 has a very short half-life and no parents.
U-240  |uranium-240 14.1 Hours 208 TBD TBD TBD  |Pu-244 Np-240m+D ggc'iﬁ':r;'f daughters are found in the Cm-248 - { o o b rent
Xe-127  [xenon-127 36.4 Days 24.4 TBD TBD TBD Xe-127m None Xe-127m has a very short half-life and no parent. 2,3
Xe-129m [xenon-129m 8.88 Days 2490 TBD TBD TBD None None None 2,3
Xe-131  [xenon-131 11.84 Days NA TBD TBD TBD Xe-131m None Xe-131m and parents have a very short half-life. 23
Xe-133 [xenon-133 5.243 Days 2440 TBD TBD TBD 1-133/ Xe-133m None None 2,3
Xe-133m [xenon-133m 2.19 Days 4180 TBD TBD TBD None Xe-133 None 2,3
Xe-135 [xenon-135 9.14 Hours 2300 GS 0.0900 Yes 1-135 Cs-135 None 2,3
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: : Estimated Estimated Failed
Symbol Radionuclide Physu.:al Half-.Llfe Ag ERG Analytical Best MDC Ag .PRG Met Likely Parents Radioactive Daughters Comment Selection
Half-Life Units (pCi/g) . (estimated)? o
Method (pCilg) Criteria

Y-90 yttrium-90 64.053 Hours 9630 TBD TBD TBD Sr-90 None None Pass-Parent
Y-91 yttrium-91 58.51 Days 387 TBD TBD TBD Sr-91/Y-91m None None 3
Y-91m yttrium-91m 49.71 Minutes 10500 TBD TBD TBD None Y-91 None 3
Y-92 yttrium-92 3.54 Hours 4550 TBD TBD TBD Sr-92 None None 3
Y-93 yttrium-93 10.18 Hours 4320 TBD TBD TBD Sr-93 Zr-93+D Sr-93 and parents have a very short half-life. 3
Zn-65 zinc-65 243.66 Days 0.00301 GS 0.103 No Ga-65 None Ga-65 and parents have a very short half-life. 3
Zn-69m  |zinc-69m 13.76 Hours 7.15 TBD TBD TBD None Zn-69 Zn-69 has a very short half-life. 3
Zr-93 zirconium-93 1.53E+06 | Years 200 ICP-MS 20 Yes Y-93 Nb-93m None Pass
Zr-95 zirconium-95 64.032 Days 3.89 GS 0.0808 Yes Y-95 Nb-95 Y-95 and parents have a very short half-life. 3
Zr-97 zirconium-97 16.744 Hours 1380 TBD TBD TBD Y-97 Nb-97 Y-97 and parents have a very short half-life. 3
Key:
Ag = Agricultural LBC = Leach and Beta Counting
AS = alpha spectroscopy LS = Liquid Scintillation
D = De-emanation MDC = minimum detectable concentration
+D = additional daughters pCi/g = picocurie per gram
Eichrom = lon exchange PRG = Preliminary Remediation Goal
GS = gamma spectroscopy (Radionuclides determined by gamma spectroscopy will be reported with an applicable MDC. TBD = To Be Determined
However, additional radionuclides will be reported if detected and identified with or without an applicable MDC.) XS = X-Ray Spectroscopy
GPC = gas proportional counting Bold = Radionuclide is included on table.
ICP-MS = Inductively Coupled Plasma-Mass Spectroscopy Shading = Radionuclide failed one or more criteria.

LAS = Leach and Alpha Spectroscopy

Radionuclide Selection Criteria

1. Radionuclide was used or produced at SSFL.

2. The physical state of the radionuclide was not a gas. An exception to this criterion is if the radionuclide is a gas and its parent was not removed from the list, then it would not be proposed for removal.

3. Radionuclide has a half-life greater than one year. An exception to this criterion is if the radionuclide has a half-life of less than one year and its parent was not removed from the list, then it would not be proposed for removal.
4. The SSFL Technical Workgroup elected to keep a specific radionuclide.
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Proposed Radionuclides for Analysis - Organized by Analytical Method

Santa Susana Field Laboratory Radiological Background Study

Ag PRG PASI MDC
Symbol | Radionuclide | Method Reference Half-Life Units (pCilg) (pCilg) Ag PRG Met?
Alpha Spectroscopy
Am-241 |americium-241 HASL 300 432.6 Years 0.0132 0.05 No
Am-243 |americium-243 HASL 300 7,370 Years 0.0111 (+D) 0.05 No
Cm-243 |curium-243 HASL 300 29.1 Years 0.127 0.127 Yes
Cm-244 |curium-244 HASL 300 18.1 Years 0.304 TBD TBD
Cm-245 |curium-245 HASL 300 8,500 Years 0.0922 0.0922 Yes
Cm-246 |curium-246 HASL 300 4,760 Years 0.129 0.0922 Yes
Cm-248 |curium-248 HASL 300 348,000 Years 0.00143 TBD TBD
Np-237 neptunium-237 HASL 300 2.14E+06 Years 0.000448 (+D) 0.0111 No
Po-210 polonium-210 HASL 300 138.376 Days 194 2 Yes
Pu-236 plutonium-236 HASL 300 2.585 Years 0.104 0.104 Yes
Pu-238 plutonium-238 HASL 300 87.7 Years 0.00731 0.00731 Yes
Pu-239 plutonium-239 HASL 300 24,110 Years 0.00609 0.00609 Yes
Pu-240 plutonium-240 HASL 300 6,563 Years 0.0061 0.00609 Yes
Pu-242 plutonium-242 HASL 300 375,000 Years 0.00642 0.0064 Yes
Pu-244 plutonium-244 HASL 300 8.00E+07 Years 0.00506 (+D) TBD TBD
Th-228 thorium-228 HASL 300 1.9116 Years 0.0338 (+D) 0.04 No
Th-229 thorium-229 HASL 300 7,880 Years 0.00171 (+D) 0.05 No
Th-230 thorium-230 HASL 300 75,400 Years 0.0105 0.05 No
Th-232 thorium-232 HASL 300 1.41E+10 Years 0.00942 0.04 No
U-232 uranium-232 HASL 300 68.9 Years 0.00059 0.33 No
U-233 uranium-233 HASL 300 1.59E+05 Years 0.00184 0.33 No
U-234 uranium-234 HASL 300 245,500 Years 0.00187 0.04 No
U-235 uranium-235 HASL 300 7.04E+08 Years 0.00181 (+D) 0.04 No
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Table 2

Proposed Radionuclides for Analysis - Organized by Analytical Method

Santa Susana Field Laboratory Radiological Background Study

Ag PRG PASI MDC
Symbol | Radionuclide | Method Reference Half-Life Units (pCilg) (pCilg) Ag PRG Met?
U-236 uranium-236 HASL 300 2.34E+07 Years 0.00198 0.05 No
U-238 uranium-238 HASL 300 4.47E+09 Years 0.00147 (+D) 0.04 No
U-240 uranium-240 HASL 300 14.1 Hours 298 TBD TBD
Gas Flow Proportional Counting
Bi-210  |bismuth-210 Eichrom 5.012 Days 1340 0.2 Yes
Pb-210 lead-210+D Eichrom 22.2 Years 0.0000642 (+D) 0.2 No
Sr-90 strontium-90 Eichrom 28.8 Years 0.00139 (+D) 0.03 No
Y-90 yttrium-90 Eichrom 64.053 Hours 9630 0.03 Yes
Gamma Spectroscopy (
Ac-227 actinium-227 EPA 901.1M 21.772 Years 0.0831 (+D) 0.0831 Yes
Ac-228 actinium-228 EPA 901.1M 6.15 Hours 731 0.5 Yes
Ag-108  |[silver-108 EPA 901.1M 2.37 Minutes 6010000 TBD TBD
Ag-108m |silver 108m EPA 901.1M 418 Years 0.00629 0.01 No
Ba-133 barium-133 EPA 901.1M 10.5 Years 0.161 0.161 Yes
Ba-137m [barium-137m EPA 901.1M 2.552 Minutes 178000 0.0012 Yes
Bi-212 bismuth-212 EPA 901.1M 60.55 Minutes 22400 0.5 Yes
Bi-214 bismuth-214 EPA 901.1M 19.9 Minutes 8190 0.5 Yes
Cd-113m |cadmium-113m EPA 901.1M 14.1 Years 0.00526 TBD TBD
Cf-249 californium-249 EPA 901.1M 351 Years 0.0613 0.0613 Yes
Co-60 cobalt-60 EPA 901.1M 5.275 Years 0.000901 0.000901 Yes
Cm-245 |curium-245 EPA 901.1M 8,500 Years 0.0922 0.0922 Yes
Cm-246 |curium-246 EPA 901.1M 4,760 Years 0.129 0.0922 Yes
Cs-134 cesium-134 EPA 901.1M 2.0652 Years 0.00747 0.0075 Yes
Cs-137  |cesium-137 EPA 901.1M 30.08 Years 0.0012 (+D) 0.0012 Yes
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Table 2

Proposed Radionuclides for Analysis - Organized by Analytical Method

Santa Susana Field Laboratory Radiological Background Study

Ag PRG PASI MDC
Symbol | Radionuclide | Method Reference Half-Life Units (pCilg) (pCilg) Ag PRG Met?

Eu-152 europium-152 EPA 901.1M 13.537 Years 0.0376 0.0376 Yes
Eu-154 europium-154 EPA 901.1M 8.593 Years 0.0472 0.0472 Yes
Eu-155 europium-155 EPA 901.1M 4.753 Years 3.74 1 Yes
Ho-166m [holmium-166m EPA 901.1M 1,230 Years 0.011 0.011 Yes
[-129 iodine-129 HASL-300 Gamma Low 1.57E+07 Years 0.0000276 1 No

K-40 potassium-40 EPA 901.1M 1.25E+09 Years 0.0445 0.0445 Yes
Na-22 sodium-22 EPA 901.1M 2.6027 Years 0.0852 0.0852 Yes
Nb-94 niobium-94 EPA 901.1M 2.03E+04 Years 0.0115 0.0115 Yes
Np-236  [neptunium-236 EPA 901.1M 1.53E+05 Years 0.00281 0.333 No

Np-239 neptunium-239 EPA 901.1M 2.356 Days 22.6 20 Yes
Pa-231 protactinium-231 EPA 901.1M 32,760 Years 0.21 0.21 Yes
Pb-212 lead-212 EPA 901.1M 10.64 Days 80 0.5 Yes
Pb-214 lead-214 EPA 901.1M 26.8 Minutes 34900 0.5 Yes
Ra-226 [radium-226 EPA 901.1M 1,600 Years 0.000632 (+D) 0.01 No

Ra-228 [radium-228 EPA 901.1M 5.75 Years 0.00116 (+D) 0.01 No

Rn-220 |radon-220 EPA 901.1M 55.6 Seconds 774000000 0.5 Yes
Rn-222  [radon-222 EPA 901.1M 3.8235 Days 127000 (+D) 0.5 Yes
Sb-125 |antimony-125 EPA 901.1M 2.7586 Years 0.46 (+D) 0.46 Yes
Sn-126  [tin-126 EPA 901.1M 2.30E+05 Years 0.711 0.711 Yes
Te-125m |tellurium-125m EPA 901.1M 57.4 Days 32 TBD TBD
Th-231 thorium-231 EPA 901.1M 25.52 Hours 3310 100 Yes
Th-234 thorium-234 EPA 901.1M 24.1 Days 15.3 1 Yes
TI-208 thallium-208 EPA 901.1M 3.053 Minutes 22600 0.5 Yes
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Proposed Radionuclides for Analysis - Organized by Analytical Method

Santa Susana Field Laboratory Radiological Background Study

Ag PRG PASI MDC
Symbol | Radionuclide | Method Reference Half-Life Units (pCilg) (pCilg) Ag PRG Met?
Tm-171  |thulium-171 EPA 901.1M 1.92 Years 1250 TBD TBD
Liquid Scintillation
C-14 carbon-14 EPA-EERF 5,700 Years 0.0000563 10 No
Fe-55 iron-55 HASL-300 2.737 Years 0.821 10 No
tritium (hydrogen- EPA 906.0M (on
H-3 3), organic combustate) 12.32 Years 0.16 0.16 Yes
Ni-59 nickel-59 HASL-300 76,000 Years 2.15 2.15 Yes
Ni-63 nickel-63 HASL-300 100.1 Years 1.01 1.01 Yes
Pu-241 plutonium-241 HASL-300 14.29 Years 1.05 1.05 Yes
Tc-99 technetium-99 Eichrom 211,100 Years 0.00557 0.1 No
Removed from Program
Be-10 beryllium-10 No method available 1.51E+06 Years 11.6 Removed
Cd-113 cadmium-113 No method available 7.70E+15 Years 0.0028 Removed
Cs-135 cesium-135 No method available 2.30E+06 Years 0.00509 Removed
Gd-152  |gadolinium-152 No method available 1.08E+14 Years 4.8 Removed
In-115 indium-115 No method available 4.41E+14 Years 414 Removed
Mo-93 molybdenum-93 | No method available 4000 Years 1.05 Removed
Nb-93m  [niobium-93m No method available 16.13 Years 137 Removed
Pb-205 lead-205 No method available 1.73E+07 Years 0.153 Removed
Pd-107 palladium-107 No method available 6.50E+06 Years 24 Removed
Sm-146 |samarium-146 No method available 1.03E+08 Years 3.57 Removed
Sm-147 |samarium-147 No method available 1.06E+11 Years 3.93 Removed
Sm-151 |samarium-151 No method available 90 Years 242 Removed
Sn-121 tin-121 No method available 27.03 Hours 613000 Removed

Page 4 of 5




Final
Table 2
Proposed Radionuclides for Analysis - Organized by Analytical Method
Santa Susana Field Laboratory Radiological Background Study

Ag PRG PASI MDC

Symbol | Radionuclide | Method Reference Half-Life Units (pCilg) (pCilg) Ag PRG Met?
Sn-121m |tin-121m No method available 43.9 Years 41.4 Removed

Zr-93 zirconium-93 No method available 1.53E+06 Years 200 Removed

To Be Determined

Cl-36 chlorine-36 TBD 3.01E+05 Years 0.0102 TBD TBD
Pm-147 |promethium-147 TBD 2.6234 Years 669 TBD TBD
Se-79 selenium-79 TBD 2.95E+05 Years 0.132 TBD TBD

Ag = Agricultural
(+D) = PRG calculated for target isotope plus additional daughters

PASI = Pace Analytical Services, Inc.
MDC = minimum detectable concentration
pCi/g = picocuries per gram

PRG = Preliminary Remediation Goal
TBD = To Be Determined

® Radionuclides determined by gamma spectroscopy will be reported with an applicable MDC. However, additional radionuclides will be reported if detected and identified with or without an applicable
MDC.
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Table 3
Proposed Radionuclides for Distance Test Locations
Santa Susana Field Laboratory Radiological Background Study
August 17, 2009

Gamma Spectroscopy
Cs-137 cesium-137+D 30.1 Years 0.0012 0.0012 Yes
Co-60 cobalt-60 5.27 Years 0.000901 0.000901 Yes

Leach and Beta Counting

Sr-90 [strontium-90+D [ 28.8 | Years | 0.00139 | 0.00139 | Yes
Alpha Spectroscopy

Pu-238 plutonium-238 87.7 Years 0.00731 0.00731 Yes
Pu-239 plutonium-239 24,110 Years 0.00609 0.00609 Yes
Pu-240 plutonium-240 6,563 Years 0.0061 0.00609 Yes
Key:

Ag = Agricultural

+D = additional daughters

MDC = minimum detectable concentration
pCi/g = picocurie per gram

PRG = Preliminary Remediation Goal

Radionuclides determined by gamma spectroscopy will be reported with an applicable MDC. However, additional radionuclides will be
reported if detected and identified with or without an applicable MDC.
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APPENDIX B

HGL STANDARD OPERATING PROCEDURES

SOP No
SOP No
SOP No
SOP No
SOP No

SOP No.

.1
. 16
.24
.27
.35

36

General Field Operations

Surface and Shallow Depth Soil Sampling
Geologic Borehole Logging

Basic Geoprobe® Operations

Gamma Radiation Screening Walkover Survey for
Surface Soil

Borehole Gamma Logging



SOP No. 1

GENERAL FIELD OPERATIONS
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Standard Operating Procedures Procedure No. 1
HydroGeoLogic
Contract No. EP-S3-07-05

STANDARD OPERATING PROCEDURES

1. GENERAL FIELD OPERATION

1.0 PURPOSE

This procedure outlines the general field organization as well as the field structure of sample collection,
sample identification, record keeping, field measurements, and data collection. These guidelines are
followed to ensure that the activities used to document sampling and field operations provide
standardized background information and identifications. Site-specific deviations from the methods
presented herein must be approved by the Field Team Leader (FTL) and HydroGeolLogic, Inc (HGL)
Quality Assurance Manager (QAM).

2.0 DEFINITIONS AND ABBREVIATIONS
2.1 Definitions

Project Plans: Includes all documents or plans related to an individual site or Technical Direction
Document. Project Plans include the Health and Safety Plan, Sampling Plan, and others.

2.2 Abbreviations

ASC Analytical Services Coordinator (HGL employee)
EM Equipment Manager (HGL employee)

0OSC On-Scene Coordinator (EPA employee)

FTL Field Team Leader (HGL employee)

PPs Project Plans

QA Quality Assurance

QAC Quality Assurance Coordinator (HGL employee)

QAM Quality Assurance Manager (HGL employee)
QAO Quality Assurance Officer (HGL employee)

QC Quality Control

SHSC Site Health and Safety Coordinator (HGL employee)
SAM Site Assessment Manager (EPA employee)

TDMT Technical Data Management Team

SOP Standard Operating Procedures

3.0 RESPONSIBILITIES

The FTL is the primary point of contact with the EPA On-Scene Coordinator (OSC) or Site
Assessment Manager (SAM). The OSC or SAM, when on site, has the ultimate responsibility for
decisions concerning the project/site. If the OSC or SAM is not on site, the FTL has ultimate
responsibility for project/site decisions. The FTL is responsible for development and completion of the
Sampling Quality Assurance/Quality Control (QA/QC) Plan or Field Sampling Plan (FSP), project
team organization, ensuring that appropriate sampling, testing and analysis procedures are followed;
coordinating subcontracting and procurement activities; site access; and reporting to the OSC or SAM
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on project progress. The OSC or SAM is responsible for all public relations efforts concerned with
EPA policy issues.

The FTL interacts with the Equipment Manager (EM) to obtain appropriate field equipment, oversee
the implementation of the Project Plans (PPs) in the field, and interacts with the OSC on problems
relating to instrumentation, sampling objectives, and field methodologies. The FTL oversees all
equipment calibration and maintenance in the field, and ensures that decontamination procedures are
correctly instituted in the field. The FTL reviews and approves all field forms for completeness.

The QAC works with the QAM and FTL to ensure the implementation of all QA program requirements
for the project. The QAC informs the FTL when new or improved technical and QA procedures are
needed; provides QA indoctrination and training to project staff; and interacts with the QAM and FTL
on technical problems related to methods and instrumentation. The QAM ensures that data collection
activities are consistent with the information requirements and that data are correctly and completely
reported.

The Analytical Services Coordinator (ASC) ensures that the proper sample containers are sent to the
field. The ASC maintains close contact with the FTL regarding the number of samples and types of
analyses to be preformed. The information that the ASC needs pertaining to planned and altered
sample shipments is contained in HGL. Standard Operating Procedure (SOP) 3, Chain of Custody.

The designated Site Health and Safety Coordinator (SHSC) or the FTL is responsible for writing the
Site Health and Safety Plan prior to mobilization, conducting daily on-site safety meetings (for example
tailgate safety meetings), and ensuring project personnel are in compliance with health and safety
protocols. Dedicated HGL subcontractors will abide by guidelines set forth in the Site Health and
Safety Plan. Subcontractors must perform work in accordance with their own HASP, which must be
approved by the SHSC. The SHSC will ensure that project personnel are equipped with proper safety
equipment. The SHSC interacts with the FTL on environmental monitoring programs and
decontamination processes.

Field personnel are responsible for performing site duties as instructed by the FTL. The FTL is also
responsible for collecting and organizing the field data entry forms (Exhibits) and reviewing SOPs
prior to performing site activities.

4.0 PROCEDURE
4.1 Mobilization/Demobilization

The FTL will write applicable PPs, if required, and have them approved by the OSC or SAM. The
FTL will then assign personnel to review the plans and field equipment checklist (provided in Exhibit
1-1). Specific items required for field activities will be identified and acquired.

All equipment to be used will be checked by the EM to verify that it is operational before leaving the
program support office. In accordance with manufactures’ recommendations, performance checks
and/or calibration will also be performed, as needed and directed by the FTL. In general, this will
occur when the equipment reaches the site. The FTL will obtain copies of the appropriate SOPs and
PPs that will be taken into the field. SOPs brought to the field will contain current versions of
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procedures and respective exhibits used for the applicable field method. These SOPs will be revised
and updated by appropriate staff members as needed.

Upon return from the site, all equipment will be returned clean and orderly to the EM. If any
problems occurred on site with any equipment, the problems should be noted in detail in the field log
book and any applicable field form (if used). This information will be written down in a note or memo
format and attached to the equipment in question.

4.2 Shipping

If sensitive field equipment is to be shipped to the site, proper care must be taken to ensure that damage
will not be incurred en route, including the packaging of individual items in separate containers filled
with protective packaging material (e.g., foam pellets or bubble wrap). If possible, equipment with
carrying cases will be packed in the respective case and placed inside a second padded container.

Non-sensitive field equipment can be combined in appropriate shipping containers.

All containers used to ship equipment shall be labeled with the following items:
o Receiving company name, address and telephone;
e Attention (person receiving items in field);
o Return company name, address and telephone; and
o Return attention.

4.3 Serialization

All non-disposable equipment purchased will be permanently labeled with serial numbers. Any
equipment purchased by an outside agency for use on a project will be tagged with the agency serial
number.

A permanent inventory of equipment will be maintained, and will include at a minimum: serial
numbers, types of equipment, initial costs, service records, and warranty information. Refer to the
HGL Manual for Control of Government Property and Equipment Plan for specific guidance on
equipment management.

All field forms and field log books will be permanently identified by document control numbers and
kept in the project files when returned from the field. Log books will be assigned to project personnel,
the assignment recorded in a master log book, and this assignment will be for the duration of the
project activities.
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4.4 Field Organization
4.4.1 Chain-of-Command

Chain-of-Command protocols will be defined by the HGL Quality Management Plan and implemented
by the FTL. These protocols will be strictly followed while performing field tasks. All decisions
concerning sampling, equipment problems and changes in strategy will be made by the OSC and/or the
FTL or an approved appointee. Public relations problems will be addressed by the OSC or SAM only.
The FTL or an approved designee shall conduct a daily “tailgate meeting” prior to field activities,
during which individual roles will be delineated and safety issues discussed.

4.4.2 Field Documentation

All project activities will be recorded each day in the field log book. These methods are outlined in
HGL SOP 6, Use and Maintenance of Field Log Books. On occasion, non-routine field activities will
be recorded on special field forms if the HGL Quality Assurance Officer (QAO) and FTL approve.

4.4.3 Sampling Organization

The FTL shall ensure that the sampling design, outlined in the applicable PPs and SOPs, is followed
during all phases of sampling activities at the site. For each sampling activity, field personnel shall
record the information required by the applicable SOPs on the Exhibits provided.

Survey personnel shall identify and locate the monitoring and sampling stations described in the
applicable PPs. Benchmarks located on the site and nearby shall be located and used as permanent
reference markers. All sample locations shall be clearly marked, labeled and photographed according
to the methods outlined in HGL SOP 5, Sample Location Documentation.

4.5 Review

The FTL or an approved designee shall check field log books, daily logs, and all other documents
(Exhibits) that result from field operations for completeness and accuracy. Any discrepancies on these
documents will be noted and returned to the originator for correction. The reviewer will acknowledge
that review comments have been incorporated by signing and dating the applicable reviewed
documents.

5.0 REFERENCES

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 3, “Chain of Custody.”  Standard
Operating Procedures.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 5, “Sample Location Documentation.”
Standard Operating Procedures.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 6, “Use and Maintenance of Field Log
Books.” Standard Operating Procedures.
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6.0 EXHIBITS

1-1 Field Equipment Checklist
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EXHIBIT 1-1
Field Equipment Checklist

General

X 1. Health and Safety Plan

X 2. Site base map

. 3. Hand calculator

L 4. Brunton compass

X 5. Cellular Telephone

X 6. Project-specific SAP (FSP, QAPP, and DMP)

X 7. Personal clothing and health and safety equipment

X 8. Personal Protective Equipment (see HASP for specifics)

X 9. Contact Information (PRP contractor; HGL Project Manager; HGL Corporate Health

and Safety Manager; EPA Work Assignment Manager)

Environmental Monitoring Equipment - All Monitoring Equipment to be Provided/Operated by PRP

Conductivity meter (with calibrating solution)
Organic vapor analyzer or photo-ionization detector with calibration gas
H:S, Oz, combustible gas indicator

X 1. Shovels
o 2. Keys to well caps
o 3. pH meter (with calibrating solutions)
L 4, pH paper
5. Thermometer
6.
7.
8.

Sampling Equipment - Supplies for Submittal of Analytical Samples via Overnight Courier

X 1. Tool box with assorted tools (knife, pipe wrenches, screwdrivers, socket set and
driver,
open and box end wrenches, hacksaw, hammer, vice grips)

X 2 Geologic hammer
X 3 Trowel
o 4 Stainless steel and/or Teflon® spatula
X 5. Hand auger
L 6. Engineer's tape
L 7 Steel tape
o 8 Electric water level sounder
o 9. Petroleum Interface Probe
X 10. Batteries
. 11. Bailers (Teflon®, stainless steel, acrylic, PVC)
o 12. Slug test water displacement tube
. 13. Vacuum hand pump
14. Electric vacuum pump

15. Displacement hand pump
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EXHIBIT 1-1 (Continued)

16. Mechanical pump (centrifugal, submersible, bladder)

L 17. Portable generator
L 18. Gasoline for generator
19. Hose

20. Calibrated buckets
21. Stop watch

L 22. Orifice plate or equivalent flow meter
L 23. Data logger and pressure transducers
24. Strip chart recorders

X 25. Sample bottles (currently to be provided by PRP contractor)
26. 0.45-micron filters (prepackaged in holders)

X 27. Sample preservatives (nitric, hydrochloric, sulfuric acid/sodium hydroxide) (currently
to be provided by PRP contractor)

o 28. Heavy-duty aluminum foil

X 29. Coolers

30. Ice packs/Ice
31. Large seal top poly bags

X 32. Heavy-duty garbage bags

X 33. Duct tape

X 34. Strapping tape

X 35. Paper towels

X 36. “Bubble” pack, foam pellets, or shredded paper
. 37. Vermiculite

X 38. Stainless steel bowls

39. SW scoop

40. Peristaltic pump/tubing
X 41. Sample tags
X 42. SOPs

Decontamination Equipment

X 1. Non-phosphate detergent (alconox or liquinox)
. 2. Selected high purity, contaminant free solvents
X 3. Long-handled brushes

o 4. Drop cloths (plastic sheeting)

X 5. Trash container

X 6. Galvanized tubs or equivalent (e.g., baby pools)
X 7. Tap Water

X 8. Contaminant free distilled/deionized water

o 9. Metal/plastic container for storage and disposal of contaminated wash solutions
o 10. Pressurized sprayers, H20

L 11. Pressurized sprayers, solvents

. 12. Aluminum foil

o 13. Sample containers

X 14 Emergency eyewash bottle
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EXHIBIT 1-1 (Continued)

Documentation Supplies

X 1. Field Log Books

o 2. Daily Drilling Report forms

X 3. Field Borehole Log forms (Historic Logs)

X 4. Monitoring Well Installation Log forms (Historic Logs)
5. Well Development Data forms
6. Groundwater Sampling Log forms

o 7. Aquifer Test Data forms

X 8. Sample Chain-of-Custody forms

X 9. Custody seals

X 10. Cooler labels (“This Side Up,” “Hazardous Material,” “Fragile”)

X 11. Federal Express/DHL labels

o 12. Communication Record forms

X 13. Documentation of Change forms

X 14. Digital Camera or Camera and film

X 15. Paper

X 16. Pens/pencils

X 17. Felt tip markers (indelible ink)

Project Specific Equipment

Ludlum Model 2221 Gamma Survey Logger
Ludlum Model 44-1 Gamma Survey Logger
Laptop

GPS

Geoprobe drill rig

Hard hats

Snake gaiters
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STANDARD OPERATING PROCEDURE

16. SURFACE AND SHALLOW DEPTH SOIL SAMPLING

1.0 PURPOSE

The purpose of this procedure is to describe the equipment and operations used for sampling surface and
shallow depth soils. This procedure outlines the methods for surface and shallow depth soil sampling for
the Santa Susana Radiological Background Study.

2.0 DEFINITIONS AND ABBREVIATIONS

2.1 Definitions

Soil: All unconsolidated materials above bedrock.

Surface Soils: Soils located zero to six inches below ground surface.

Shallow Depth Soils: Soils located above the bedrock surface and from six inches to 10 feet below
ground surface.

2.2 Abbreviations

FSP Field Sampling Plan

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual
SOP Standard Operating Procedure

HGL HydroGeoL ogic, Inc.

3.0 RESPONSIBILITIES

Sampling personnel are responsible for performing the applicable tasks and procedures outlined herein
when conducting work related to environmental projects.

The Project Leader or an approved designee is responsible for ensuring that performance standards
specified by this SOP are achieved. This will be accomplished by reviewing all documents, exhibits and
field procedures.

4.0 PROCEDURES

4.1 Introduction

The objective of surface and shallow depth soil sampling for this study is to determine background
radionuclide concentrations within surface and subsurface soils underlying the two geologic formations
that are present at the SSFL (Chatsworth and Santa Susana Formation).

4.2 Sampling Equipment

Surface and shallow soil sampling equipment includes:
e Stainless steel mixing bowl;
1



Standard Operating Procedures Procedure No. 16
HydroGeoLogic
Contract No. EP-S3-07-05

Stainless steel trowels or spoons;

Stainless steel hand auger;

Stainless steel core sampler which uses stainless steel or Lexan® liners (optional);
Stainless steel shovel; and

Appropriate sample containers.

4.3 Decontamination

Before initial use, and after each subsequent use, all sampling equipment must be decontaminated using
the procedures outlined in HGL Standard Operating Procedure (SOP) 11, Equipment Decontamination.

4.4 Sampling Location/Site Selection
Refer to Section 1.3 of the Field Sampling Plan (FSP) for sampling locations and site selection.
4.5 Sampling Approaches

The specific sampling approach is in accordance with the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM). Refer to Section 1.4 of the FSP for more information.

4.6 General

Surface sampling pits will be filled in with the material removed during sampling. Where a vegetative
turf has been established, fill in with native soil or potting soil and replace the turf if practical in all holes
or trenches when sampling is completed. Each logging/sampling borehole will be sealed with high-solids
bentonite grout chips after completion of activities at each location. Grouting will occur as quickly as
possible to minimize the possibility of contaminant migration. Each borehole will be patched at the
surface with native soil.

4.6.1 Homogenizing Samples

Homogenizing is the mixing of a sample to provide a uniform distribution of the contaminants. Proper
homogenization ensures that the containerized samples are representative of the total soil sample
collected. All samples to be composited or split should be homogenized after all aliquots have been
combined.

4.6.2 Compositing Samples

Compositing is the process of physically combining and homogenizing several individual soil aliquot of
the same volume or weight. Compositing samples provides an average concentration of contaminants
over a certain number of sampling points.

4.6.3 Splitting Samples

Splitting samples (after preparation) is performed when multiple portions of the same samples are

required to be analyzed separately. Fill the sample containers for the same analyses one after another in a
consistent manner.
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4.7

Surface Soil Sampling

Perform the following steps for surface soil sampling:

4.9

Prior to sampling, remove leaves, grass, and surface debris using decontaminated stainless steel
trowel;

Label the lid of the sample container with an indelible pen or affix the sample label to the side of
the jar and tape as to make it impervious to water prior to filling the container with soil.

Collect surface soil samples with a decontaminated stainless steel trowel, spoon or hand auger
and transfer to a decontaminated stainless steel bowl for homogenizing.

Collect samples in the order of volatilization sensitivity. The most common collection order is as
follows:

°e Volatile organic compounds (VOC);

© e Purgeable organic carbon (POC);

° e Purgeable organic halogens (POX);

e Total organic halogens (TOX);

° e Total organic carbon (TOC);

° e Extractable organics;

°e Total metals;

°e Dissolved metals;

e Phenols;

°e Cyanide;

©e Sulfate and chloride;

°e Turbidity;

°e Nitrate and ammonia; and

© e Radionuclides.

Immediately transfer the sample into a container appropriate to the analysis being performed
(HGL SOP 2, Sample Preservation, Containers and Maximum Holding Times);

Place the samples in a cooler for transport to an analytical laboratory;

Immediately after the sample is collected, record applicable information in the field log book as
outlined in HGL SOP 6, Use and Maintenance of Field Log Books. This information may also be
entered on Exhibit 16-2, Surface/Shallow Soil Sampling Log.

Excess soil sample media shall be placed in the soil boring or pit and filled to grade with native
soil or potting soil.

Decontaminate all sampling equipment (HGL SOP 11, Equipment Decontamination); and
Complete the Chain-of-Custody Record and associated documentation (HGL SOP 3, Chain of
Custody).

Shallow Depth Soil Sampling using a Hand Auger

Perform the following steps to collect shallow depth soil samples:

Use a decontaminated stainless steel shovel to remove the top layer of soil.

Remove leaves, grass, and surface debris that may have contacted the shovel using a
decontaminated stainless steel trowel,

Excavate soil to the pre-determined sampling depth by using a decontaminated hand auger.
Periodically, remove the cuttings from the auger;

When the proper sample depth is reached, remove the hand auger and all cuttings from the hole;
Lower the decontaminated hand auger to the bottom of the hole.

3
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e Mark the sample interval (i.e., one foot above ground level) on the auger;

e Advance the auger until it is flush with the interval mark at ground level;

When the auger has been advanced the total depth of the required sample, remove it from the
bottom of the hole;

o Immediately transfer the sample into a container or stainless steel bowl for compositing and
homogenizing as specified in the project-specific Field Sampling Plan appropriate to the analysis
being performed using a stainless steel spoon or trowel.

e Samples will be identified and label as per HGL SOP 4, Sample Identification, Labeling, and
Packaging;

e Samples will be preserved and held as per HGL SOP 2, Sample Containers, Preservation and
Maximum Holding Times;

e Complete the Chain-of-Custody Record and associated documentation (HGL SOP 3, Chain of
Custody).

e Record applicable information in the field log book as outlined in HGL SOP 6, Use and
Maintenance of Field Log Books. This information can also be entered on Exhibit 16-2,
Surface/Shallow Soil Sampling Log.

e Decontaminate all sampling equipment (HGL SOP 11, Equipment Decontamination).

410 Abandonment Procedures

Surface sampling pits will be filled in with the material removed during sampling. Where a vegetative
turf has been established, fill in with native soil or potting soil and replace the turf if practical in all holes
or trenches when sampling is completed. Each logging/sampling borehole will be sealed with high-solids
bentonite grout chips after completion of activities at each location. Grouting will occur as quickly as
possible to minimize the possibility of contaminant migration. Each borehole will be patched at the
surface with native soil.

411 Review

The Project Leader or an approved designee shall check all Exhibits and field log books used to record
information during sampling for completeness and accuracy. Any discrepancies will be noted and the
documents will be returned to the originator for correction. The reviewer will acknowledge that these
review comments have been incorporated by signing and dating the checked by and date blanks on the
Exhibits and at the applicable places in the log book.

5.0 REFERENCES

U.S. Environmental Protection Agency (EPA). 1989. “Soil Sampling Quality Assurance User's Guide.”
EPA/600/8-89/046, U.S. Environmental Protection Agency, Washington, DC.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 1, Use and Maintenance of Field Log Books.
Standard Operating Procedures.

HydroGeoLogic, Inc. 2007. “ Standard Operating Procedure 2, Sample Preservation, Containers, and
Maximum Holding Times. Standard Operating Procedures.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 3, Chain of Custody. Standard Operating
Procedures.
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HydroGeoLogic, Inc. 2007. Standard Operating Procedure 4, Sample Identification, Labeling, and
Packaging. Standard Operating Procedures.

HydroGeoLogic, Inc. 2007.  Standard Operating Procedure 5, Sample Location Documentation.
Standard Operating Procedures.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 6, Use and Maintenance of Field Log Books.
Standard Operating Procedures.

HydroGeoLogic, Inc. 2007. Standard Operating Procedure 11, Equipment Decontamination. Standard
Operating Procedures.

6.0 EXHIBITS

Exhibit 16-1  Figures for Different Forms of Grid Sampling
Exhibit 16-2  Surface/Shallow Soil Sampling Log



Standard Operating Procedures

HydroGeoLogic

Contract No. EP-S3-07-05

EXHIBIT 16-1

Figures for Different Forms of Grid Sampling

Soil Sampling

Procedure No. 16
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EXHIBIT 16-1 (Continued)
Figures for Different Forms of Grid Sampling

Soil Sampling

Figure 4: Systematic Random Sampling
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STANDARD OPERATING PROCEDURE
24. GEOLOGIC BOREHOLE LOGGING
1.0 PURPOSE

The purpose of this procedure is to describe the methods for geological borehole logging of soil and
data collection.

This procedure provides guidance for routine field operations for the Santa Susana Radiological
Background Study. Deviations from the methods presented herein must be approved by the Project
Leader and HydroGeoLogic, Inc. (HGL) Quality Assurance Officer.

2.0 DEFINITIONS AND ABBREVIATIONS

2.1 Definitions

Plasticity: The property of permanently changing shape without movement on any visible fractures

2.2 Abbreviations

AGI American Geologic Institute
SPT Standard Penetration Test
USCS Unified Soil Classification System

3.0 RESPONSIBILITIES

Personnel conducting exploratory soil boring and monitoring well borehole logging are responsible for
performing the applicable tasks outlined in this procedure when conducting work related to
environmental projects.

The Project Leader or an approved designee is responsible for checking all work performance and
verifying that the work satisfies the applicable tasks required by this procedure. This will be
accomplished by reviewing all documents (Exhibits) and data produced during work performance.

4.0 PROCEDURE
4.1 Introduction

A major portion of the work produced at an environmental site is geologic in nature and is concerned
with characterizing the physical subsurface and the geologic and hydrologic processes operating at the
site. A properly prepared borehole log serves as an essential tool in making these assessments and
correlations. This Standard Operating Procedure (SOP) defines the methodology of collecting pertinent
data so that all borehole logs made at a site can create a consistent, uniform database from which
interpretive conclusions can be made with confidence. Large-scale inferences such as vertical and
horizontal extent of strata, facies changes, attitude of bedding or layering, structural features (faults,
folds, fractures, dikes, etc.), location of the water table, lithologic characterizations, and the extent of
subsurface contamination are made from small-scale observations recorded on the borehole log. These
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observations include bedding, grain size, degree of sorting, shape of grains, color, hardness, organic
vapor levels, and other observable physical characteristics including visible evidence of contamination.

Logging should document both general and specific lithologic information about the borehole. In all
cases, the lithologic log should be identified by the specific site number; well/boring number; drilling
method; location; date of drilling; individual logger (geologist); drilling contractor; significant organic
vapor reading; visible evidence of contamination; depth to water first encountered; final depth of water
level; well/boring elevation (if data is available); total depth in feet; graphic log; and lithologic
description.

Lithologic descriptions for unconsolidated materials often use the Unified Soil Classification System
(USCS) or standard geologic field description methods, Compton 1962. Descriptions of bedrock
should follow applicable U.S. Geologic Survey Standards.

Lithologic descriptions of unconsolidated material should contain the following characteristics when
possible:

¢ Soil or formation name;

o Gradation degree of sorting;

e Principal constituent;

e Specific descriptors for principal constituents (e.g., plasticity, grain size, and shape);

e Firmness/hardness;

e Minor constituents;

e Moisture content;

e Color;

« Particle morphology; and

e Other descriptors (i.e., visual evidence of contamination, specific monitoring equipment

readings including gamma detector readings).

4.2 Classification System

Sections 4.24-1 through 4.24-2 will describe in detail the parameters and descriptive terminology used
to classify each sample for the bore log.

4.2.1 Soil or Formation Name

The soil or formation name will include the major constituent(s) and may be preceded by a single-word
modifier indicating the subordinate constituent. Percentages of each constituent will be used to classify
the material without actually recording constituent percentage. The textural terms used to classify a
soil are shown in Exhibit 24-1, Triangular Diagram Showing Percentage of Sand, Silt, and Clay in
Each Textural Class.

4.2.2 Gradation (Degree of Sorting)
Size sorting describes the extent to which grain size is uniform. The comparison chart listed in Exhibit

24-2, “Comparison Chart for Estimating Degree of Sorting,” will be used to describe soils being logged
from a borehole.
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4.2.3 Principal Constituent

Principal constituents recorded during borehole logging include an identification of the following
unconsolidated material types:

Clay;

Sand;

Cobbles;

Silt;

Gravel; and

Boulders.

If known, an identification of the potential source of the material should be made (i.e., alluvium,
colluvium, artificial fill, or residual material).

4.2.4 Principal Constituent Descriptors

Additional descriptors for the principal material constituents may be added to the log in order to further
delineate or accurately record subtle changes in the lithologic structure. Modifiers such as grain size,
shape, and plasticity of materials (i.e., high, medium, and low plasticity).

4.2.5 Consistency/Density/Rock Hardness

The characteristics of unconsolidated material are often determined by the Standard Penetration Test
(SPT). The SPT involves driving a split spoon sampler into the material by dropping a 140 pound
weight from a height of 30 inches. The resistance of the material is reported in the number of blows of
the weight required to drive the spoon one foot and translates into the following descriptors:

# of Blows/Foot Cohesive Consistency (Clay)
0-2 Very soft
2-4 Soft
4-8 Medium
8-15 Stiff
15-30 Very stiff
30+ Hard
# of Blows/Foot Cohesive Consistency (Gravel)
0-4 Very loose
4-10 Loose
10-30 Medium dense
30-50 Dense
50+ Very Dense
# of Blows/Foot Rock Hardness
<20 Weathered
20-30 Firm
30-50 Medium Hard
50-80 Hard
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80+ Very Hard
4.2.6 Minor Constituents

Constituents not previously described in the principal constituent description may be described as a
percentage or by weight. Typically, modifiers for minor constituents conform to the following
standards:

e No modifier < 5%

e Slightly 5-12%

e Moderately (i.e. add (y) or (ey) such as silty clay) 12-40%

e Very 40-50%

4.2.7 Moisture Content

Terms in a wide range, from dry to saturated, are used to describe the relative moisture content of a
field soil sample. These terms are described as follows:
e Dry - The sample is completely without moisture. Dry, silty sands, for example, will produce
suspended particles when dropped by hand.
e Damp - Samples containing a very slight amount of water.
e Moist - Soils in this range are near the maximum water content for their maximum
compactibility or density. Moist soils will form a ball when compressed in the hand.
e Wet - The soil samples are wet enough to produce free water upon shaking but still contain
unoccupied air voids. Fine-grained soils close to the liquid limit would be termed wet.
e Saturated - Soils with zero air voids. Samples placed in sample jars or bags will
probably have standing water after a short period of time.

4.2.8 Color

The color of soil and associated materials will be recorded on the borehole log. Color descriptors
should include but are not limited to the following descriptors: black, grey-black, brown, olive,
mottled, streaked, etc. Color charts should be used to provide general logging guidance but specific
use is not necessary for adequately describing lithology.

4.2.9 Particle Morphology

The key elements of particle morphology are roundness and sphericity. Roundness is a measure of the
curvature of grain corners. Sphericity is a measure of how equal the three axial lengths (x, y, z) of an
object are. Determination of both properties is facilitated by the use of a hand lens. Estimate grain
roundness and sphericity by using the American Geologic Institute (AGI) Data Sheet (Exhibit 24-4).

4.2.10 Other Descriptors

Field screening data collected during the drilling process may help further characterize site conditions
during subsurface investigations. Readings from on-site monitoring equipment such as the borehole
gamma detector should be recorded at each sample interval. Other useful information includes the
organic content and the presence or absence of waste material in samples.
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4.2.11 Particle Size Distribution

An estimate of particle sorting by grain size is often useful for borehole logging purposes.

Procedure No. 24

estimates of percent composition of the sample are not necessary.

USCS Grain Size Categories

Exact Size Limits

Approximate Inch Equivalents

Name of Loose Aggregate

Precise

>256 mm >10 in. Boulder gravel
64 - 256 mm 2.5-101in. Cobble gravel
32 - 64 mm 1.2-2.51n. Very coarse pebble gravel
16 - 32 mm 0.6 -1.21in. Coarse pebble gravel
8 - 16 mm 0.3-0.61n. Medium pebble gravel
4 - 8 mm 0.15-0.3 in. Fine pebble gravel
2 - 4 mm 0.08 - 0.15 in. Granule (or very fine pebble) gravel
1 -2 mm 0.04 - 0.08 in. Very coarse sand
1/2 - 1 mm 0.02 - 0.04 in. Coarse sand
1/4 - 1/2 mm 0.01 - 0.02 in. Medium sand
1/8 - 1/4 mm 0.005 - 0.01 in. Fine sand
1/16 - 1/8 mm 0.002 - 0.005 in. Very fine sand
1/256 - 1/16 mm 0.00015 - 0.002 in. Silt
<1/256 mm <0.00015 in. Clay (clay-size materials)

From Wentworth Scale, Compton 1962.

The Comparison Chart for Estimating Percentage Composition (Exhibit 24-3) can be used to estimate
the percentage of various grain sizes present in a sample. However, visual estimates usually provide
sufficient information for characterizing site lithology.

4.3 Borehole Logs

Record data collected during exploratory boring soil logging in the field log book and on Exhibit 24-5,
Borehole Log. Use this Exhibit on all applicable field drilling and subsurface sampling operations.

Geologic correlation and aquifer properties prediction are dependent on good exploratory boring
sample descriptions. Rotary drilling with fluids is generally unacceptable since the drilling fluids may
potentially contaminate the aquifer under investigation. High quality borehole data are generally
acquired with a split-spoon or pitcher core barrel. This method of sampling provides detailed logging.
The lithofacies interpreted from cuttings logs may lack the accuracy necessary for detailed correlation.
Where possible, techniques such as geophysical borehole logging will be used to supplement cuttings
descriptions. Note on the log any geologic description determined from borehole cuttings. The
cuttings are often mixed over the entire length of the boring.

In bedrock formations, cuttings may be acquired from a reverse circulation, air rotary or from a dual
wall rotary boring. These cuttings do not provide information on the in situ properties of the materials,
but do provide adequate sample description information.
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In summary, close sample spacing or continuous sampling in a boring provide the best material for
descriptive geology. Use traditional geologic terminology and supplement with the USCS descriptive
system when appropriate. Provide sufficient data on layering and other sedimentary structures and
undisturbed textures. Sample numbers, depths, and analytes should be included in each description.
The applicable field methods described by Compton (1962) and AGI (1982) are recommended. These
methods are fully referenced in Section 5.0.

4.4 Review

Personnel conducting borehole logging of soil will record field data on Exhibit 24-5, Borehole Log,
and will record a chronological summary in the project log book. The applicable methods outlined in
this procedure shall be used to record the data on this Exhibit. The personnel conducting these
operations will sign and date the “logged by” and “date” blanks on Exhibit 24-5, Borehole Log.

The Project Leader or designee shall check all field generated data and Exhibit 24-5, Borehole Log, for
completeness and accuracy. Any discrepancies will be noted and the Exhibits will be returned to the
originator for correction. The reviewer will acknowledge that corrections have been incorporated by
signing and dating the “reviewed by” and “date” blanks on Exhibit 24-5, Borehole Log.

5.0 REFERENCES
American Geological Institute. 1982. “AGI Data Sheets.” Falls Church, Virginia.

ASTM 1984. “ASTM D1586, Description and Identification of Soils, Visual-Manual Procedure” in
the Annual Book of ASTM Standards. V.04.08

Compton, R. R. 1962. “Manual of Field Geology.” John Wiley and Sons, Inc., New York, New
York, 378p.

Munsell. 1988. Munsell Soil Color Charts.” Macbeth Division, Kollmorgen Instruments
Corporation, Baltimore, Maryland, 1988 edition.

U.S. Environmental Protection Agency (EPA). 1987. “A Compendium of Superfund Field Operations
Methods.” EPA/540/P-87/001 (OSWER Directive 9355.0-14). December 1987.

6.0 EXHIBITS

Exhibit 24-1  Triangular Diagram Showing Percentage of Sand, Silt and Clay in Each Textural Class
Exhibit 24-2  Comparison Chart for Estimating Degree of Sorting

Exhibit 24-3  Comparison Chart for Estimating Percentage Composition

Exhibit 24-4  Comparison Chart for Estimating Roundness and Sphericity

Exhibit 24-5  Borehole Log
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EXHIBIT 24-1
Triangular Diagram Showing Percentage of Sand, Silt and Clay in Each Textural Class
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EXHIBIT 24-2
Comparison Chart for Estimating Degree of Sorting

Moderately
Graded

g

Terms for degrees of sorting. The numbers indicate the number of size-
classes included by the bulk (80 percent) of the material. The drawings
represent sandstones as seen with a hand lens. Silt and clay-size
materials are shown diagrammatically by the fine stipple.

Reference: Compton, R.R. 1962. Manval of Geology. John Wilay & Sons, Inc. New York, N p. 214
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EXHIBIT 24-3

Comparison Chart for Estimating Percentage Composition

Relerence: Compion, R.R. 1862, Manual of Geology. John Wiley & Sons, Inc. New York, NY p. 332-333
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EXHIBIT 24-4

Comparison Chart for Estimating Roundness and Sphericity

Procedure No. 24
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Reference:Amarican Geological Institute. 1882, "AGI Data Sheet 18.1" in AGI Data Sheats. Fall Church, VA
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EXHIBIT 24-5

Procedure No. 24
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EXHIBIT 24-5 (Continued)
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STANDARD OPERATING PROCEDURE
27. BASIC GEOPROBE® OPERATIONS
1.0 PURPOSE

This procedure provides general guidance for operating the Model 5410 Geoprobe® system for subsurface
exploration. The unit includes tools that can be used for collecting soil core samples, groundwater
samples, and soil gas samples. This Standard Operating Procedure (SOP) is a brief overview of
Geoprobe® operation. Consult the “Owner’s Manual” published by Kejr Engineering, Inc. for more
complete information. Geoprobe® operations should be conducted only by trained and experienced
personnel.

2.0 DEFINITIONS AND ABBREVIATIONS
2.1 Definitions

Geoprobe” A vehicle-mounted, hydraulically-powered, soil probing machine that utilizes static force and
percussion to advance small diameter sampling tools into the subsurface for collecting soil core, soil gas,
or groundwater samples. (Geoprobe” is a registered trademark of Kejr Engineering, Inc., Salina, Kansas).

Macro-Core” Sampler: A 48-inch long sampling device capable of recovering a soil sample contained
inside a removable liner. (Macro-Core® is a registered trademark of Kejr Engineering, Inc., Salina,
Kansas).

Liner: A removable/replaceable, thin-walled clear plastic tube inserted inside a Macro-Core” sampling
device for the purpose of containing and storing soil samples.

Soil Gas Post Run Tubing (PRT) Sampler: A threaded fitting attached to the retractable point at the head
of a drive rod string that permits collection of soil gas samples at specified depths.

2.2 Abbreviations

ID Inside Diameter

oD Outside Diameter

PID  Photo-ionization Detector

PRT  Post Run Tubing

TSOP Technical Standard Operating Procedures

3.0 RESPONSIBILITIES

Field personnel are responsible for performing the applicable tasks and procedures outlined herein when
conducting work related to environmental projects. The Project Leader or an approved designee is
responsible for checking all work performance and verifying that the work satisfies the applicable tasks
required by this procedure. This will be accomplished by reviewing all documents and procedures.
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4.0 PROCEDURES
4.1 General Considerations

The planning and implementation of Geoprobe®” exploration requires consideration of the specific site
conditions including soil types, topography, and site accessibility. Soils containing larger rocks, cobble,
concrete debris, or similar materials may cause damage to the sampling equipment or result in penetration
refusal at much shallower depths than required. Sampling locations on slopes and on loose or soft soils
require special caution. As with any other subsurface soil exploration techniques, a utility locate must be
conducted prior to the start of field operations to ensure the safe operation of the equipment and protect
the operator and other field crew.

Other Geoprobe® equipment and methods not described in this SOP are also available for specific
applications such as the carbide-tipped steel drill used to hammer through concrete and asphalt cover
material or the use of the on-board vacuum system for assisting in soil gas sampling. There is also a new
dual-wall core system and a screen point sampler for groundwater.

IMPORTANT: Read all safety precautions before attempting to operate the Geoprobe®. See
Safety Instructions, Appendix A. This applies to Operators AND Helpers.

Before operating the Geoprobe®, take a few minutes to visually inspect the major components (Exhibit 27-
1). From the rear of the vehicle open all doors, gates, and other enclosures to fully expose the Geoprobe®
components. This will ensure that the movements of the Geoprobe® apparatus will not damage the
Geoprobe® components or other vehicle parts. Look for worn or damaged parts that may require attention
or items that may hinder the movement of the equipment.

4.2 Remote Engine Ignition

The Geoprobe” is equipped with a remote engine ignition. This device allows starting and stopping of the
vehicle motor from the probe operating position at the right rear of the vehicle. There are a few steps to
follow when using this remote ignition:

1) Put the vehicle transmission in “park.”

2) Set the emergency brake. (The high speed (“fast”) will not work unless the brake is set.)

3) Shut off the engine using the ignition switch in the vehicle cab.

4) Set the Geoprobe” master switch to the ON position. This switch is located on floor to the left of
the driver’s-side seat.

5) Block the front and back of one front wheel to prevent vehicle movement when the Geoprobe” is
in operation.

6) Open the tailgate and slide the roof of the utility box all the way forward.

4.3 Hydraulic System Activation

A belt-driven hydraulic pump operates off the vehicle’s engine and supplies power to the Geoprobe®. A
three-position toggle switch located on the right hand side at the operator’s position at the right rear of the
vehicle controls pump operation. The “off” position deactivates the hydraulic system. The “slow”
position activates the pump while the vehicle engine remains at idle speed. Engine speed, and therefore
hydraulic flow, is increased by placing the switch in the “fast” position. The fast position increases the
engine speed to a pre-set level by activating a remote hydraulic throttle control. The “slow” position is
depicted with the outline of a tortoise and the “fast” position is depicted with the outline of a rabbit
(Exhibit 27-2).
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1)

2)

3)
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Ensure that the hydraulic control toggle switch is in the “off” position prior to starting the vehicle
with the remote ignition. Start the engine using the remote engine ignition switch. This is a
switch that works like the regular vehicle ignition. Rotate the switch clockwise a quarter turn to
engage the starter. Once the engine starts, release the switch. It will automatically fall back into
the operating position.

Push the hydraulic control toggle switch to the slow position. Precaution should be taken to
avoid damage to the hydraulic system when operating at temperatures below 10 degrees
Fahrenheit (°F) (-12° Celsius (°C)). Run the hydraulic pump at slow speed for at least 15
minutes before starting probing operations. This will warm the hydraulic fluid sufficiently to
allow adequate flow and prolong pump life.

The regen switch is located on the upper right of the control panel. If the switch is moved to the
full “up” position, the retractor “lift” speed of the probe will be doubled, allowing rods to be
lifted much more quickly. However, when the regen switch is in the “up” position, the pulling
power of the probe is also cut in half. If rods are sticking or not lifting from the boring, move the
regen switch to the full “down” position to use the maximum available pulling power of the
probe.

Hydraulic System Control, Derrick Positioning

At the operator’s position there are four hydraulic levers that control the positioning movements of the
derrick. They are located at the bottom right side of the control panel and are labeled FOOT, SWING,
EXTEND, and FOLD (Exhibit 27-2). Pushing or pulling on these levers will activate valves on various
hydraulic pistons on the Geoprobe” derrick causing these components to move. Movement of the
Geoprobe® components is controlled by the amount of movement of the levers. Partial movement of the
levers results in partial opening of the hydraulic valves and a slower movement of that particular piston.

To position the Geoprobe® derrick for operation:

1)

2)

3)

4)

From the operator’s position, slowly pull on the EXTEND control lever and laterally extend the
derrick unit out as far as possible. Failure to fully extend the derrick unit could cause it to hit the
roof and possibly dent the tailgate.

Pull the FOLD control lever to pivot the derrick unit until it is perpendicular to the ground. This
can be gauged visually or by using the bubble level mounted on the side of the derrick. Once the
derrick is in this position the operator’s control panel will be vertically oriented.

Push the FOOT control lever down to lower the derrick assembly until it is just a few inches
above the ground surface.

Lift up on the EXTEND control to slowly move the derrick assembly back toward the vehicle.
Stop when the foot cylinder rod is approximately 8 to 10 inches from the vehicle tailgate.

CAUTION - Always position the derrick with the hydraulic control switch at SLOW speed. Ensure
that the foot cylinder does not contact the vehicle tailgate because extensive damage to the cylinder
rod may result.
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5) Push down on the FOOT control lever to extend the foot and put slight vehicle weight on the
probe unit. Stop when the foot contacts the ground surface. It is not necessary to significantly
raise the rear of the vehicle.

CAUTION - Always keep the rear wheels of the vehicle on the ground surface when putting weight
on the probe unit. The vehicle may shift sideways during probing if the wheels do not contact the
ground.

6) Some left and right movement of the derrick is possible by using the swing lever. Normal
placement of the derrick is in the center of the bed. Movement of the derrick may be necessary
when there is slight movement of the vehicle during operations because of vibrations and shifting
of the vehicle weight. Repositioning over a previous Geoprobe” location may also be easier using
the swing mount. Recenter the derrick before storing the derrick to avoid damage to the
Geoprobe®. Watch the levers on the right side!

45 Hydraulic System Control, Probe Operation

There are three levers mounted on the derrick that are used to perform the static push and percussion
action to advance the Geoprobe® sampling equipment into the ground. The two main PROBE operation
levers are located on the left side of the operator’s control panel (Exhibit 27-2). These levers advance the
main probe piston toward the ground and activate the percussion head to hammer the drive rod into the
ground. The third lever to control the hammer or tool rotation action is located on the hammer.

To perform the probe operation:

1) Position the appropriate drive rod or sampling device on the ground. This is centered
approximately two inches from the three sides of the derrick foot (Exhibit 27-5).

2) Check to make sure the anvil and the anvil retainer cap assembly is in place and intact before
hammering.

3) Lower the hammer to allow the drive cap end of the drive rod or sampling device to enter the
drive head on the probe. This is done by pushing down on the PROBE control lever. Minor
adjustments can be made by adjusting the drive rod or sampler to further center it so that it is
parallel to the main probe drive piston.

4) Once the rod or sampler is centered, push down on the PROBE control lever to drive the rod or
sampler into the ground. When the main probe drive is all the way down, lift up on the PROBE
control lever to raise the probe off the drive rod or sampler. If the drive rod or sampler is to be
removed from the ground the main probe drive needs only to be moved one foot above the drive
cap to allow for its removal by hand and its replacement with a pull cap.

5) If greater depth is required, raise the hammer, remove the drive cap from the rod in the ground,
and thread an additional drive rod onto the one in the ground. Make sure the drive cap is then
threaded onto the top of the new drive rod. Continue as in step 2. This process is repeated until
the desired depth is reached.

6) To remove the sampler or drive rod from the ground retract the probe approximately one foot
from the top of the drive cap on the drive rod or sampler. Unthread the drive cap and thread on a
pull cap. Lift the hammer latch located on the end of the main drive probe and lower the probe
over the pull cap (Exhibit 27-6). Push the hammer latch down to catch the flanged rim on the pull
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7)

8)

9)

cap and slowly raise the probe until the latch catches the flange on the pull cap (Exhibit 27-7).
Raise the probe all the way up and then slightly lower it to release the tension on the pull cap and
flip the hammer latch outward to release the pull cap. Raise the probe all the way up to allow the
pull cap and the drive rod to be unthreaded from the drive rod string.

Normal friction against the drive rod by the soil in the ground will usually hold the rest of the
drive rod string and prevent it from slipping back down the drive hole. However, to ensure that
the string does not slip back down the hole, attach vice grips, a pipe wrench, or a Regen Pull Ring
to the uppermost drive rod near the ground surface as a precaution.

In addition to the static push from the main hydraulic probe piston, the drive rods can be
hammered into the soil using the percussion drive head located at the end of the probe. To
activate the percussion drive head make sure that the HAMMER/rotation control lever located on
the probe drive head is in the hammer position. This means the lever is pulled forward
completely and is parallel to the ground. This ensures that all of the hydraulic pressure is being
directed to activate the hammer.

The HAMMER control lever is located next to the PROBE control lever on the operator’s control
panel. The hammer is activated only when the lever is pushed completely down.

10) Use the percussion drive head to hammer the drive rod into the ground when the static push is

4.6

insufficient to advance the drive rod. This becomes apparent when the resistance on the drive rod
causes the foot, derrick, and rear of the vehicle to rise slightly off the ground. The foot should be
allowed to rise no more than six inches off the ground before use of the percussion drive head is
warranted. At no time should the rear wheels of the vehicle be allowed to lose contact with the
ground surface. The Geoprobe” will likely shift in this situation, and could fall off the drive rods
creating a serious safety hazard.

Soil Sampling Using a Macro-Core® Open Tube Soil Sampler

The Geoprobe” system offers a variety of options for performing soil sampling. The Macro-Core” Open
Tube Soil Sampler is a 4-foot-long steel tube that is threaded on both ends to allow the attachment of a
cutting shoe on one end and a drive head on the other (Exhibit 27-8). A clear plastic or acetate liner is
placed inside the Macro-Core” to collect a 3- to 4-foot continuous soil core as the device is driven into the
ground. Once removed from the steel sheath the clear liner provides an intact visual representation of the
various soil layers that can be further examined or sampled. It is important to clean the soil from the
threads and the inside of the Macro-Core” prior to use.

To use the Macro-Core® Open Tube Soil Sampler:

a.

Thread the drive head into one end of the Macro-Core” tube, and then thread a drive cap onto the
threaded fitting at the end of the drive head.

Place a plastic spacer ring onto the acetate liner. Insert the clear plastic liner approximately three-
quarters of the way into the Macro-Core” tube. If desired a plastic core catcher can be used in
place of a spacer ring to prevent loose material from falling out of the liner.

Snap the plastic spacer or core catcher onto the cutting shoe. Slide the assembled cutting
shoe/spacer/liner into the sampler tube and thread the cutting shoe into the sampler tube.
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d.

The Macro-Core” Open Tube Soil Sampler is now ready to be used. Follow the instructions for
use as described above in Section 4.5, Hydraulic System Control, Probe Operation.

The Macro-Core” assembly is longer than the travel length of the main probe piston. For the
initial drive into the ground extend the probe to its maximum travel distance and then raise the
foot of the derrick approximately one foot off the ground to allow for the Macro-Core” assembly
to be inserted into the drive head of the probe. Use the FOOT control lever to perform the initial
push into the soil. The hammer drive can also be used with the FOOT control to perform this
drive. When the foot does make contact with the ground surface, switch to operating the PROBE
control lever to complete the drive.

To remove the Macro-Core”, retract the probe to its maximum travel distance to pull the Macro-
Core” out of the ground. To remove the final foot of the Macro-Core” it may be possible to pull it
out by hand or use the FOOT control lever to raise the foot off the ground and completely extract
the Macro-Core” from the soil.

Once the Macro-Core” is removed from the ground it can be placed on a level work surface and
the cutting shoe/spacer/liner assembly unthreaded and removed from the steel sample tube. This
may be possible by hand or the sampler can be placed in a vise and the Macro-Core® wrench
used. The cutting shoe has a notched groove along its outer shoulder. The Macro-Core” wrench
has a tab on one end that fits into this notched groove and allows the cutting shoe to be
unthreaded off the steel sample tube.

Following appropriate decontamination procedures, the cutting shoe can be reused on subsequent
sampling drives. New plastic spacers (or core catchers) and liners are used for each additional
sample core.

For additional sampling deeper than four feet place the Macro-Core® assembly into the original
excavated hole. It may be possible to push the Macro-Core” part way into the hole so that the
foot of the derrick does not need to be moved. Use the main probe drive to push the Macro-Core”
into the original 4-foot-deep hole. Fully retract the main probe, unthread the drive cap, thread a
drive rod on to the drive head of the Macro-Core®, and then thread the drive cap onto the top of
the drive rod. Lower the main probe drive onto the drive cap and use it, with the hammer if
necessary, to drive the Macro-Core’/drive rod string into the ground. Use the procedure
described in step 5 to remove the Macro-Core” and drive rods from the ground. Note that the
drive rods are 3 feet long and not 4 feet long like the Macro-Core”. Use this same procedure to
place additional drive rods to advance the Macro-Core” to the maximum desired sampling depths.
Make sure to recover and empty the core barrel every three to four feet.

Repeatedly pulling the Macro-Core” in and out of a hole during deep sampling may enlarge the
hole allowing the core and rods to drop. Use a vise-grip, wrench, or Regen Pull Ring to hold the
rod.

Never drive the core more than four feet per sample. If sloughing/caving is suspected, only drive
one rod three feet. Overfilling the core may cause the liner to collapse causing jamming.

Be advised that as additional drive rods are added more play and flex occurs in the drive rod
string.  When positioning the drive cap into the main probe drive head be sure to keep your
fingers out of this pinch point. Grab the top drive rod at least one foot away from the top and
wear leather gloves when handling these objects. Since these rods and the Macro-Core” are
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driven into the ground they may contact rocks or other hard items that may cause sharp burrs and
scratches on the metal and contact with bare skin can cause painful cuts.

4.7 Installing PVVC for the Borehole Gamma Logging Survey

After subsurface soil sampling activities are completed, the drive apparatus will be assembled and advanced
down the previously sampled borehole to 10 feet bgs. Once the drive apparatus has advanced to 6 feet bgs,
polyvinyl chloride (PVC) piping with an inner diameter of at least 1.5 inches and an end cap will be lowered
to the bottom of the borehole. Then, downward pressure will be applied to the PVVC piping to dislodge the
disposable tip of the drive apparatus. The drive apparatus will then be retracted while continually applying
downward pressure to the PVC piping ensuring the PVC remains at least 6 feet bgs. After the drive
apparatus has been fully retracted, the remaining PVC piping will be measured to document the final
completion depth. The borehole gamma survey will be executed in accordance with SOP No. 36.

5.0 REFERENCES
Kejr Engineering, Inc. 2000. The Yellow Field Book (0100A).

Kejr Engineering, Inc. 2003. Geoprobe® Systems Tools Catalog. 601 North Broadway, Salina, Kansas
67401. 1-800-GEOPROBE, 785-825-1842, Fax: 785-825-2097, www.geoprobe.com.

Kejr Engineering, Inc. 2003. Geoprobe® Systems. Operator’s Manual, Geoprobe® Model 5410 Direct
Push Machine — “The Tools for Site Investigation.”

U.S. Environmental Protection Agency (EPA). 1987. “A Compendium of Superfund Field Operations
Methods.” EPA/540/P-87/001. (OSWER Directive 9355.0-14.) December 1987.

6.0 EXHIBITS

Exhibit 27-1 Basic Geoprobe” Parts

Exhibit 27-2 Location of Controls and Gauges on the Control Panel of the Geoprobe” Model 5410
Exhibit 27-3 Master Switch

Exhibit 27-4 Emergency Stop Button

Exhibit 27-5 Probe Rod and Derrick in Vertical Position

Exhibit 27-6 Raising the Hammer Latch

Exhibit 27-7 Closing the Hammer Latch under the Pull Cap

Exhibit 27-8 Macro-Core” Open-Tube Sampler Assembly

Exhibit 27-9 Screen Point Groundwater Sampler

Exhibit 27-10 Mill Slot Groundwater Sampler

Exhibit 27-11 Soil Gas Post Run Tubing (PRT) Assembly Cross Section

APPENDIX A  Safety Instructions
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EXHIBIT 27-1
Basic Geoprobe® Parts
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EXHIBIT 27-2
Location of Controls and Gauges on the Control Panel of the Geoprobe” Model 5410
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EXHIBIT 27-3
Master Switch

The Master Switch is mounted on the cab floor just inside of the driver-side door.

EXHIBIT 27-4
Emergency Stop Button

The Emergency Stop Button is located on the 5410 control panel.

10
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EXHIBIT 27 -5
Probe Rod and Derrick in Vertical Position
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EXHIBIT 27 - 6
Raising the Hammer Latch

EXHIBIT 27 -7
Closing the Hammer Latch Under the Pull Cap

12
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EXHIBIT 27 -8
Macro-Core” Open-Tube Sampler Assembly

MC Drive Head
(AT-8510)

"“:jj;::- \W

MC Sampler Tube

(AT-8520) \

@ \ MC Core Catcher (AT-8531, shown here) or

Spacer Ring (AT-8532)

MC Cutting Shoe
(AT-8530)
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EXHIBIT 27-9
Screen Point Groundwater Sampler

Drive
Head
(GW-1515)

Sampler Sheath
(GW-1510)

Exqendat?te Screen Head
Drive Point O-Ri
O-Ring ng

Expendable
Drive Point .
(GW-1555) Wire-Wound Stainless Steel Screen
(GW-1520)
or PVC Screen
(GW-1530)

Teflon® Grout Plug
(GW-1550) or
PVC Grout Plug
(GW-1551)
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EXHIBIT 27-10
Mill Slot Groundwater Sampler

15
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EXHIBIT 27 - 11
Soil Gas Post Run Tubing (PRT) Assembly Cross Section

I I T TIrS

A cross section of the PRT System showing how soil
gas (arrows) is drawn through the inner tubing system.

16
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STANDARD OPERATING PROCEDURE

35. GAMMA RADIATION SCREENING WALKOVER SURVEY FOR SURFACE SOILWITH
A LUDLUM MODEL 44-20 DETECTOR

1.0 PURPOSE

This procedure describes the techniques used to conduct gamma radiation screening walkover surveys of
surface soil to identify gamma radiation anomalies in shallow surface soil.

This procedure provides guidance for the Santa Susana Radiological Background Study. Deviations from
the methods presented herein must be approved by the Project Leader and the HydroGeolLogic, Inc.
(HGL) Quality Assurance Officer.

2.0 DEFINITIONS AND ABBREVIATIONS
2.1 Definitions

Anomaly — Gross gamma radiation measurements based on professional judgment that appear to be
significantly different than measurements in the general vicinity. An increase in a gamma measurement of
twice the surrounding area will constitute an anomaly; however, a lower threshold may be deemed
appropriate depending on the situation.

Equipment — Those items (variously referred to a “field equipment” or “sample equipment”) necessary for
sampling activities that do not directly contact the samples.

2.2 Abbreviations

DTL Distance Test Location

PPs  Project plans

RBRA Radiological Background Reference Area
SOP  Standard Operating Procedures

3.0 RESPONSIBILITIES

Field personnel are responsible for performing the applicable tasks outlined in this procedure when
conducting work related to environmental projects.

The Project Leader or an approved designee is responsible for checking all work performance and
verifying that the work satisfies the applicable tasks required by this procedure. This will be
accomplished by reviewing all documents (Exhibits) and data produced during work performance.

4.0 PROCEDURES

4.1 Methods

Step 1: Setup a Ludlum Model 44-20 sodium iodide scintillator detector with a Ludlum Model 2221

ratemeter. Refer to the SOP and/or manufacturer’s operation manual for details on the operation of the
Ludlum Model 2221 and Ludlum Model 44-20. It is important to conduct the field investigation and
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determine the instrument quality control limits with the length of cable that was used in the calibration
(the high voltage is affected by cable length).

Step 2: Fix the detector height at six inches above the ground surface by attaching a strap for hand-held
use.Detector geometry is very important and must remain constant to ensure accurate measurements.

Step 3: Before conducting survey, mark the boundary of the survey area.

Step 4: Move the detector in a serpentine (S-shape) motion to form a three foot wide transect. The
detector scan rate should be approximately one to two feet per second. A consistent scan rate is important
to ensure comparable detection sensitivity. Walk in a straight line from one side of the survey area to the
opposite side. Periodically verify scan rate by placing a tape measure on the ground and time scan rate
over a 30 foot section. Adjust scan rate as necessary. A slower scan rate is acceptable.

Step 5: Observe the measurements (in units of counts per minutes) while conducting the scanning
walkover survey. If measurements increase by a factor of two, flag the location as possible anomaly.

Step 6: Upon completion of each transect, move three feet from the transect centerline to an adjacent
transect. Continue scanning on transects until 100% of the area has been scanned.

Step 7: If flags were placed at potential anomalies, return to each location and carefully resurvey the
locations to determine if the anomaly is a concern or was due to natural background fluctuations. Record
results of each anomaly survey in the field logbook.

Step 8: Record the approximate minimum, maximum, and average measurements observed during the
survey in a field logbook.

4.2 Distance Test Location (DTL) Surface Gamma Radiation Screening Walkover Survey

At each Distance Test Locations (DTLs), a 50-foot by 50-foot area will be surveyed. Measurements will
be reviewed in the field to determine the presence of any anomalies.

4.3 Radiological Background Reference (RBRA) Area Surface Gamma Scanning

At each Radiological Background Reference Areas (RBRAS) a Y-acre or 1-acre area will be surveyed.
Measurements will be reviewed in the field to determine the presence of any anomalies.

4.4 Review

The Project Leader or designee shall check the field log books for completeness and accuracy. Any
discrepancies in these documents will be noted and returned to the originator for correction. The reviewer
will acknowledge that corrections have been incorporated by signing and dating in the appropriate
manner.

5.0 REFERENCES

See applicable manufacturer’s operation manual.
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STANDARD OPERATING PROCEDURE
36. BOREHOLE GAMMA LOGGING
1.0 PURPOSE

This procedure describes the techniques used to conduct a gamma survey of a borehole to log the gamma
radiation measurements in subsurface soil.

This procedure provides guidance for the Santa Susana Radiological Background Study. Deviations from
the methods presented herein must be approved by the Project Leader and the HydroGeolLogic, Inc.
(HGL) Quality Assurance Officer.

2.0 DEFINITIONS AND ABBREVIATIONS
2.1 Definitions

Anomaly — Gross gamma radiation measurements based on professional judgment that appear to be
significantly different than measurements in the general vicinity. An increase in a gamma measurement of
twice the surrounding area will constitute an anomaly; however, a lower threshold may be deemed
appropriate depending on the situation.

Equipment — Those items (variously referred to a “field equipment” or “sample equipment”) necessary for
sampling activities that do not directly contact the samples.

2.2 Abbreviations

I.D. inside diameter

O.D. outside diameter

PPs  Project plans

PVC  polyvinylchloride

SOP  Standard Operating Procedures

3.0 RESPONSIBILITIES

Field personnel are responsible for performing the applicable tasks outlined in this procedure when
conducting work related to environmental projects.

The Project Leader or an approved designee is responsible for checking all work performance and
verifying that the work satisfies the applicable tasks required by this procedure. This will be
accomplished by reviewing all documents (Exhibits) and data produced during work performance.

4.0 PROCEDURES

4.1 Methods

Step 1: Select an appropriate meter and detector for making gamma measurements in a borehole. The
borehole diameter will limit the detector diameter. In addition, a PVC pipe or similar will be placed into
the borehole to protect the detector from borehole collapse. The largest detector that can fit into the PVC

pipe should be used to maximize detection sensitivity. The following table summarizes the various
detectors with required size of PVC pipe and borehole.

1
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Minimum Schedule Schedule Minimum
Detector | Detector 40 PVC 40 PVC
Detector . 1.D. for . . I.D. of
Manufacturer Size 0.D. - Pipe Pipe
Model ; : PVC Pipe . - Borehole
(inch) (inch) (inch) Nominal Nominal (inch)
I.D. (inch) | Size (inch)
Ludlum 44-62 Yoby 1 0.9 1.15 1.380 1.25 1.7
Ludlum 44-2 lbyl 2.0 2.2 2.469 2.5 2.9
Ludlum 44-11 2by2 2.5 2.75 3.068 3 3.5
Ludlum 44-10 2by2 2.6 2.85 3.068 3 3.5
Ludlum 44-20 3by3 3.27 3.52 4.026 4 4.5
Key:
O.D. outside diameter

PVC
I.D.

polyvinylchloride
inside diameter

The cable length must be sufficient to enable the detector to reach the bottom of the borehole; e.g. a 10
foot borehole requires a 12 foot cable. Mark the cable at 6-inch interval starting from the center of the
detector.

Step 2: Setup the selected meter and detector. Refer to the SOP and/or manufacturer’s operation manual
for details on the operation of the selected meter and detector. It is important to conduct the field
investigation and determine the instrument quality control limits with the length of cable that was used in
the calibration (the high voltage is affected by cable length).

Step 3: Measurement will be made in ratemeter and scaler modes; refer to the meter SOP and/or
manufacturer’s operation manual for details.

Step 4: After completion of borehole, place a PVC pipe inside the hole; the pipe prevent loss of the
detector in the event that the hole collapses. The pipe must have an inside diameter sufficient for the
detector is move freely in the pipe. The pipe can protrude from the hole as long as the detector can be
inserted into the pipe and the length of cable is sufficient for the detector to reach the bottom of the
borehole, or else cut the pipe at ground level. The largest pipe that can fit into the borehole should be used
so the largest detector possible can be used to increase detection sensitivity.

Step 5: Insert a groundwater lever indicator into the PVC pipe and determine the depth to groundwater, if
present. Record the depth; this represents the maximum depth for the bottom of the detector unless the
detector and attached cable have been waterproofed.

Step 6: Switch the meter to scaler mode, hold the detector 6 inches above the hole, and take a one minute
static integrated measurement. Record the measurement in counts per minute. Do not hold the detector by
the cable; attach an appropriate length line securely to the detector for lowering the detector into the PVC

pipe.

Step 7: Switch the meter to ratemeter mode and descend the detector into the PVC pipe slowly at a rate of
approximately 1-inch per second while observing the count rate (counts per minute). As the detector is
descending stop if the rate starts to increase, this may indicate the presence of an anomaly. Record
elevated readings with the associated depth. Stop at 6-inches below ground surface (bgs) and take a one
minute static integrated measurement with the meter in scaler mode. A measurement at ground surface
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does not provide relevant data due to variable geometry. The count rate will likely increase due to
geometric effects of the subsurface—this is normal. Professional judgment will be used to determine if
geometric affects are the cause for increased measurements at the first interval at 6-inches below ground
surface or at the bottom of the borehole.

Step 8: Repeat Step 6, stopping at each 6-inch interval until the bottom of the borehole is reached. The
last measurement at the bottom may be slightly elevated due to geometric affects.

Step 9: After completion of gamma logging, measurements can be reviewed to determine the location of
potential anomalies.

Step 10: Record the measurements in a field logbook.

Step 11: The detector may come in contract with the soil at the bottom of the borehole, thus should be
appropriately cleaned before measurement of a subsequent borehole.

4.2 Review

The Project Leader or designee shall check the field log books for completeness and accuracy. Any
discrepancies in these documents will be noted and returned to the originator for correction. The reviewer
will acknowledge that corrections have been incorporated by signing and dating in the appropriate
manner.

5.0 REFERENCES

See applicable manufacturer’s operation manual.



APPENDIX C

FIELD FORMS

Boring Log

Field Sampling Report

Waste Inventory Tracking Form
Chain of Custody Record
Safety Inspection Report

Site Safety Briefing Form

HGL Change Request Form
Nonconformance Report
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HGL

Borehole ID:
BORING LOG Sheet ____of
AFIID LOCID
Project Name Project Number LTCCODE SiteID LPRCODE (IRPIMS)

Drilling Company DRL Code

Driller

Ground Elevation

Total Drilled Depth

EXCODE

Drilling Equipment

Drill/Excav Method

Borehole Diameter

Date/Time Drilling Started

Date/Time Total Depth Reached

Type of Sampling Device Water Level (bgs) Site Name
First/Final
Sample Hammer Hydrogeologist Checked by/Date SITEXREF
Type Driving Wt. Drop
" Description 3 g Remarks
| 5 El 3z
5 8 (Include lithology, grain size, sorting, angularity, Munsell color name & @ _g o (Include all sample types & depth, odor,
= 3 z notation, minerology, bedding, plasticity, density, consistency, etc., as 4] £l organic vapor measurements, etc.)
|53 8| 8 licabl 9 i B
[a} s applicable) = =

rrereprirrep e prrr et rrr et ettt e e e, e

FORMS-standard. ppt
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HGL Borehole ID:
BORING LOG (cont’d) Shet ___of

Project Name Project Number Location
" Description 3 g Remarks
| 5 E| 3|5
5 8 (Include lithology, grain size, sorting, angularity, Munsell color name & @ o|0 (Include all sample types & depth, odor,
= 3 2 notation, minerology, bedding, plasticity, density, consistency, etc., as 4] 2ls organic vapor measurements, etc.)
|53 9] S licabl 8 =8
a ¢ | @ applicable) 5| 3=

(rrerprretprrrrprrr ettt rrrrprrr et et rrr e ettt peva

(reerprreeprrreprrrrp e prrrrprrrtprrr e e et et et

FORMS-standard. ppt



FIELD SAMPLING REPORT

LOCATION: PROJECT NAME:
SITE: PROJECT No.:

SAMPLE INFORMATION

SAMPLE ID:

DATE:

TIME:

MATRIX TYPE:

SAMPLING METHOD: (Circle one below)
B/ BR / CS/ G/ H | HA
HP / SP /| SS

MATRIX SPIKE (MS):

FIELD DUP (FD):

SAMPLE BEG. DEPTH (FT):
SAMPLE END DEPTH (FT):
GRAB( ) COMPOSITE ( )

AMBIENT BLANK (AB):

TRIP BLANK (TB):

Enter sample numbers below for QC samples and/or blanks
associated with this sample:

MATRIX SPIKE DUP (SD):

EQUIPMENT BLANK (EB):

CONTAINER PRESERVATIVE ANALYTICAL METHOD ANALYSIS
SIZE/TYPE | # PREPARATION
NOTABLE OBSERVATIONS
PID READINGS SAMPLE CHARACTERISTICS MISCELLANEOUS

1st: COLOR:
2nd: COLOR:

OTHER:

PHYSICAL PARAMETERS
Temperature (°C) Dissolved Oxygen (mg/L)  Specific Conductivity (UMHOS/CM)
Iron (mg/L) pH Turbidity Oxidation/Reduction Potential (mv)
GENERAL INFORMATION

WEATHER: SUN/CLEAR OVERCAST/RAIN WIND DIRECTION

AMBIENT TEMPERATURE
SHIPMENT VIA: FEDEX HAND DELIVER COURIER

OTHER
SHIPPED TO:
COMMENTS:
SAMPLER: OBSERVER:

MATRIX TYPE CODES SAMPLING METHOD CODES

DC=DRILL CUTTINGS SL=SLUDGE B=BAILER HA=HAND AUGER
WG=GROUNDWATER SO=SOIL BR=BRASS RING HP=HYDRO PUNCH
SH=HAZARDOUS SOLID WASTE SW=SWAB/WIPE CS=COMPOSITE SAMPLE SP=SUBMERSIBLE PUMP
WS=SURFACE/WATER GS=SOIL GAS G=GRAB SS=SPLIT SPOON

LH=HAZARDOUS LIQUID WASTE SE=SEDIMENT

H=HOLLOW STEM AUGER

Field Sample_grab water
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4

WASTE INVENTORY TRACKING FORM
LOCATION :
PROJECT NAME:
ACTIVITIES:
Activity

Generating Field Evidence Type of
Date Waste Waste Description of Estimated | Container | Location of Waste
Generated (bc\’lrvirlc’:g#/ of Waste | Contamination | Volume | (storageID#) | Container | Characterization Comments

Signature:

Note: Describe whether soil or water samples have been collected for waste characterization, include date, if known.

FORMS-standard. ppt



This page intentionally left blank.



CHAIN OF CuSsTODY RECORD

h4

HGUL

HydroGeologic, Inc

Northway 10 Executive Park
313 Ushers Road
Ballston Lake, NY 12019

. MATRIX ANALYSIS REQUIRED
Client: APPLICABLE
” REGULATION
Project Name/No.: o JRCRA
. £ [JECRA
Project Manager: B 1 CERCLA
()
O [ JNPDES
mpler:
Sample N 6 [JCWA
Phone: (518) 877-0390 Fax: (518) 877-0414 3 e - SDWA
1% N [ 1 OTHER
DATE |TIME |23 |2 E|Z |5
SAMPLE IDENTIFICATION COLL. COLL. ?_é 8 8 = | 0| F REMARKS OR SAMPLE LOCATION
Special Instructions
Possible Hazard Identification Sample Disposal _
[J Non-Hazard [J Flammable [J Skin Irritant [ Poison B [J Unknown [J Return to Client [ Disposal by Lab  [[] Archive for Months
Turn Around Time Required QC Level Project Specific (specify)
[J Normal [JRush 1. . I
1. Relinquished by Date Time 1. Received by Date Time
2. Relinquished by Date Time 2. Received by Date Time
3. Relinquished by Date Time 3. Received by Date Time

Comments

coc-form_Albany.cdr

HydroGeologic, Inc. 10/17/05
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PAGE ___OF
HydroGeoLogic, Inc.
Safety Inspection Report

lcusTOMER/ADDRESS:
lpaTEmME:

JOB NAME/JOB NO.:
LIOB LOCATION:
 IWORK DESCRIPTION:

COMMENTS/OTHER:

T |

ST CTEENS o CuAA P et

TET TN AT
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SITE SAFETY BRIEFING FORM

Project Location
Date Time
Type of Work

SAFETY TOPICS PRESENTED

Protective Clothing/Equipment

Chemical Hazards

Physical Hazards

Biological Hazards

Emergency Procedures Refer to Site Safety and Health Plan

Hospital/Clinic Phone

Hospital Address

Special Equipment

Other

ATTENDEES
Name (Printed) Signature

Meeting Conducted by:

Site Safety Officer:
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CHANGE REQUEST FORM

. Description of requested change:

- Expected results or impact: |

'Snmmuﬁmmﬁmww

'Rmmbmmmmﬂndww
Approved by:. — (Broject Manager)  Date:

. Approved by: i (Tile: ____ ) m
. _ _ _ : 122005
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FORMANCE REP

" JINTTIATOR (NAME/ORGANIZATION/PHONE) -

{DESCRIPTION OF NONCONFORMANCE T CATEGORY:

DATE _CARKEOD VS WO |

Wm , DATE _ QA/QC OFFICER

-!mamsnmﬁ:
' PROBABLE CAUSE:

JacTions TAREN TO PREVENT RECURRENCE:

|miTRoroSID Y S

~DATE .

. |FUSTIFICATION POR ACCEPTANCE ° |

IcTmmAToR - T NAME

DATE

VERIFICATION OF DISPOSITION AND CLOSURE APPROVAL

{REMNSPECTION/RETEST REQUIRED - YES NO IF YES;
T - DATE

RESULT

{ID] QUALITY ASSURANCE: _
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ATTACHMENT 2

QUALITY ASSURANCE PROJECT PLAN



FINAL
QUALITY ASSURANCE PROJECT PLAN
RADIOLOGICAL BACKGROUND STUDY
SANTA SUSANA FIELD LABORATORY
VENTURA COUNTY, CALIFORNIA

Prepared for:

U.S. Environmental Protection Agency Region 9
75 Hawthorne Street
San Francisco, California 94105

Prepared by:

HydroGeoLogic, Inc.
Northway 10 Executive Park
313 Ushers Road
Ballston Lake, New York 12019

August 2009
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LIST OF ACRONYMS AND ABBREVIATIONS

AgPRG

bgs
BTV

°C
CA
CFR
CLP
COB
COC
COI

DM
DMP
DOE
DOT
DQO
DTL

EDD
EPA
FSP
ft

GIS
GPS

HGL
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IDW
MARLAP
MARSSIM
MDC
MS/MSD
No.

%
%R

Agricultural Preliminary Remediation Goal

below ground surface
background threshold values

degrees Celsius

corrective action

Code of Federal Regulations
Contract Laboratory Program
close of business
chain-of-custody

conflict of interest

Data Manager

Data Management Plan
Department of Energy
Department of Transportation
data quality objective
distance test location

electronic data deliverable

U.S. Environmental Protection Agency
Field Sampling Plan

feet

Geographic Information System
Global Positioning System

HydroGeoLogic, Inc.
Health and Safety Plan

investigation-derived waste

Multi-Agency Radiological Laboratory Analytical Protocols Manual
Multi-Agency Radiation Survey and Site Investigation Manual

minimum detectable concentration
matrix spike/matrix spike duplicate

Number

percent
percent recovery
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LIST OF ACRONYMS AND ABBREVIATIONS (continued)

PASI Pace Analytical Services, Inc.

PE performance evaluation

PRG preliminary remediation goal

QA quality assurance

QAMS Quality Assurance Management Section
QAPP Quality Assurance Project Plan

QC quality control

RAC Remedial Action Contract

RBRA Radiological Background Reference Area
SAP Sampling and Analysis Plan

SEDD staged electronic data deliverable

SOP standard operating procedure

SSFL Santa Susana Field Laboratory

TPC The Palladino Company, Inc.

WA work assignment

WAM Work Assignment Manager
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FINAL
QUALITY ASSURANCE PROJECT PLAN
RADIOLOGICAL BACKGROUND STUDY
SANTA SUSANA FIELD LABORATORY
VENTURA COUNTY, CALIFORNIA

The Quality Assurance Project Plan (QAPP) details the Quality Assurance (QA)/Quality
Control (QC) measures that will be used to ensure that the data collected are of acceptable
quality and sufficient quantity to support decision making. This QAPP has been reviewed and
approved by the Region 9 Quality Assurance Management Section (QAMS) program.
However, HydroGeoLogic, Inc. (HGL) is performing its work on the project under HGL’s
contract with the U.S. Environmental Protection Agency (EPA) Region 3.

HGL will perform the full scope of services required in the Remedial Action Contract EP-S3-
07-05, work assignment (WA) number 021TATAO9QL, to support the EPA Region 3. The
contents and organization of this QAPP are in accordance with the HGL Generic QAPP for
Region 3 Remedial Action Contract (RAC) 2 Work Assignments (HGL, 2007) and is based on
Requirements for Quality Assurance Project Plans, EPA QA/R-5, Interim Final, March 2001
(EPA, 2001). The Generic QAPP was developed to present information that is expected to
remain unchanged for all projects that HGL supports under its EPA Region 3 program,
allowing EPA reviewers to focus review and comment efforts on the project-specific
information presented in project QAPPs. Each project-specific QAPP is intended to be used in
conjunction with the Generic QAPP and notes where the contents of the Generic QAPP are
incorporated by reference. The requirements in project-specific QAPPs take precedence in
cases where the requirements presented in the Generic QAPP are in conflict with project
requirements.

Section 1.0 presents project management and data quality objective (DQO) information,
Section 2.0 details measurement and data acquisition strategies, Section 3.0 details assessment
and oversight aspects of the project, Section 4.0 describes data validation and usability, and
Section 5.0 describes data management and visualization.

1.0 PROJECT MANAGEMENT

This section discusses the project organization, overall project objectives, uses of the data and
DQOs.

1.1 PROJECT ORGANIZATION

Project Quality Assurance Organization and Responsibilities will be in accordance with
Section 2 of HGL’s Generic QAPP for Region 3 Remedial Action Contract (RAC) 2 Work
Assignments (HGL, 2007). The Palladino Company, Inc. (TPC) is the team subcontractor for
this project and will provide general radiological consulting services and gamma survey
support. The EPA will be responsible for approving all site-related activities. Table 1.1
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identifies the personnel responsibilities specific to this WA. Table 1.2 describes project-
specific communication pathways.

1.2 BACKGROUND AND PURPOSE

Site background information is provided in Section 2 of the Sampling and Analysis Plan (SAP).
The purpose and objectives of this project are identified in Section 1 of the SAP. The purpose
of this QAPP is to provide guidance to ensure that all data collection procedures and
measurements are scientifically sound, are of known, acceptable, and documented quality, and
are conducted in accordance with the requirements of the project.

1.3 PROBLEM DEFINITION

Table 1.3 outlines the Problem Definition. The ultimate goal of the project is to establish
representative background radionuclide concentrations for the two surface geological
formations at the Santa Susana Field Laboratory (SSFL), which are the Santa Susana and the
Chatsworth Formations. The project will be conducted to achieve two objectives, as described
in Section 1.1 of the SAP:

o The primary objective is to determine surface and subsurface soil radionuclide
background concentrations at the three radiological background reference areas
(RBRA).

o The secondary objective is to determine whether surface soils at the RBRAs have been
impacted by atmospheric releases from the SSFL.

To accomplish this primary objective, surface and subsurface soil samples will be collected at
three RBRAs located outside the SSFL property boundary. Two of these areas overlie the
Chatsworth Formation and one area overlies the Santa Susana Formation.

To accomplish this secondary objective, surface soil samples will be collected in areas that are
located greater than 10 miles from the SSFL. These locations are referred to as distance test
locations (DTL). These samples will be analyzed for a targeted group of radionuclides, which
would likely be found in SSFL atmospheric releases. Surface soil samples will also be
collected at the three RBRAs and analyzed for the same targeted list of radionuclides. A
statistical analysis will be conducted to determine whether the radionuclide concentrations in
surface soil at the individual RBRAs are higher than the radionuclide concentrations at the
DTLs.

1.4 DOCUMENTATION AND RECORDS

Documents used or generated during the course of the project will be accounted for and
become a part of the project files upon completion of the task. Original records will be
transferred to EPA and records will be maintained by the EPA Superfund Records Center for
a minimum of 30 years. Copies of the complete project file records will be maintained in
HGL’s Ballston Lake, New York, office and will be updated by the Project Administrator
under direction of the Project Manager. Table 1.4 shows the project records that will be
generated and included in the file.
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The contents of the project files, both electronic and hardcopy documentation, will be retained
for a minimum of 10 years from completion of the project. The Project Administrator will be
responsible for ensuring that appropriate backup of the project documentation exists in case of
destruction of primary documentation (e.g., due to computer malfunction or inappropriate
discarding of files). The Project Administrator will also be responsible for maintaining a
current distribution list for all project planning documents and for transmitting any plan
updates or amendments to all recipients.

1.4.1 Field Data

Logbooks for sampling and field investigation purposes must meet the requirements provided
in Section 2.3.3. The logbook must contain sufficient information to distinguish samples from
each other. Logbooks and other field-generated documentation must be bound and entries
recorded in waterproof ink.

1.4.2 Laboratory Data

In addition to the documentation requirements listed in Table 1.4, the laboratory will also be
responsible for providing analytical reports to HGL. These analytical reports must contain all
information required to verify and validate the analytical results that are the subject of each
report in accordance with the requirements presented in Section 4.1.

1.5 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT

The DQO process is a series of planning steps based on the scientific methods that are
designed to ensure that the type, quantity, and quality of environmental data used in decision-
making are appropriate for the intended purpose. This project is intended to achieve the two
objectives as described in Section 1.3. The DQOs associated with the primary objective are
presented in Section 1.5.3 and the DQOs associated with the secondary objective are presented
in Section 1.5.4.

1.5.1 End Uses of the Data

The end use of the field and analytical data is to assist the EPA in achieving the objectives
identified in Section 1.3. Background concentrations of radionuclides of potential concern will
be used during investigations at SSFL. The potential activities that may use the data are as
follows:

o Determine the extent of soil contamination at the SSFL;

e Assist the California Department of Toxic Substances Control (DTSC) in establishing
appropriate cleanup levels;

e Provide background data to be used in human health and ecological risk assessments;
and

o [Establish a reference data set for characterization surveys and site closure surveys
(final status surveys) in accordance with Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) guidance.
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1.5.2 Data Types

2 <«

Quality of analytical data is defined as either “definitive data,” “screening data with definitive
confirmation,” or “screening data without definitive confirmation” in EPA QA/G-4, Guidance
Jor the Data Quality Objectives Process, Publication No. EPA/600/R-96/055, September 1994
(EPA, 1994). The laboratory analytical data collected for this project will be used for decision-
making and will be required to meet the requirements of definitive data. The field data collected for
this project will not be used for decision-making and will be screening data without definitive
confirmation.

1.5.3 Data Quality Objectives for the Primary Objective

The following subsections describe the development of DQOs for the determination of SSFL
RBRA data sets.

1.5.3.1 State the Problem

The representative background concentration of radionuclides associated with SSFL activities
has not been determined. Background concentrations are necessary for supporting future
scoping and characterization surveys on SSFL, risk assessments, potential remediation
activities, and to develop and complete final status surveys.

1.5.3.2  Identify the Goals of the Study

The primary objective of the study is to collect the analytical data to answer the following
question (Question 1 in Table 1.3): What are the concentration population characteristics of
radionuclides of potential concern in the RBRAs?

To successfully execute this phase of the study, this question will need to be answered for both
the surface and subsurface soils in the Santa Susana Formation and Chatsworth Formation
RBRAs. The statistical tools that will be used to evaluate project data sets to support the
primary objective are presented in Appendix A.

1.5.3.3  Identify Decision Inputs

Based on the principal study question, the following information is required:
o Identification of radionuclides of potential concern;
« Potential uses of developed study data;
o Gross gamma count rate survey measurements;
o Surface soil sample analytical results; and

« Subsurface soil sample analytical results.
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Only analytical results that have been determined to be usable after undergoing the data
verification, validation, and evaluation process described in Section 4 will be used as decision
inputs. The specific information sources associated with each of the study decision inputs
identified above are presented in Table 1.5.

1.5.3.4  Define the Boundaries of the Study

The spatial boundaries of the study are:

o Gamma gross count rate measurements will be taken over the entire RBRA to
determine local homogeneity.

« Surface soil samples will be collected from 0 to approximately 6-inch depth.

o Subsurface soil samples will be collected from at a depth of 3 to 10 feet (ft) below
ground surface (bgs) or refusal.

o The data from each RBRA will be considered a unique data subset, pending evaluation
is described in Section 1.5.3.5.

The temporal boundaries of the study are:

o Field activities will be conducted during dry season when surface soil moisture is
minimal to optimize detection of gamma radiation from soil.

o Study must be completed within the project schedule (by the spring 2010).

1.5.3.5 Develop the Analytic Approach

The statistical approach for determining the radioisotope concentration population parameters
for each RBRA is described in Appendix A. This approach was developed using the guidance
and techniques presented in EPA’s Guidance for Comparing Background and Chemical
Concentrations in Soils for CERCLA Sites (EPA 540-R-01-003), September 2002, Multi-
Agency Radiation Survey and Site Investigation Manual (EPA 402-R-97-016, Rev 1.),
statistical software developed to support environmental applications, and technical
publications. Decision rules, where applicable, will be primarily based upon guidance and
calculation limitations contained and described in these documents. Professional judgment will
also be used.

The following decision rules have been developed for the analysis of data obtained to address
the primary objective:

o Quantitative gross gamma walkover surveys will be used at each RBRA to determine if
the RBRA contains anomalies. Gamma measurements will be reviewed during the
walkover survey and potential anomalies will be determined based on professional
judgment. Excluding natural geometric affects, a measurement increase of greater than
two will be defined as an anomaly. A location that contains anomalies is potentially
unsuitable for sampling and may need to be replaced.

e Once a pool of suitable locations has been sampled in the RBRAs, the associated
analytical data will be evaluated to determine the statistical characteristics of each data
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set, in accordance with the decision rules presented in Table 1.5.

o For each duplicate sample, evaluate the variability to determine if affects from the
matrix, sampling system, or analytical system are introducing bias or error into the
measurement process and if any data points need to be excluded from the final
evaluation. The decision rules for evaluating duplicate results are presented in Table
1.6.

o Evaluate the data subsets for each radionuclide to determine if data subsets can be
combined, using the decision rules presented in Table 1.7 and the procedures described
in Appendix A. The following data subsets will be reviewed to determine which, if
any, can be combined:

°  Chatsworth Formation (surface soil);

o

Chatsworth Formation (subsurface soil);
(o)

Santa Susana Formation (surface soil); and

° Santa Susana Formation (subsurface soil).

1.5.3.6  Specify Performance or Acceptance Criteria

A description of the full set of statistical tools that will be utilized to develop the population
parameters of each radionuclide of concern data set at each RBRA are presented in Appendix
A. These tools will incorporate statistical and graphical techniques that are classical, robust,
and resistant to outliers. The use of logarithmically transformed data will be avoided due to
uncertainties introduced by such transformations. Alternatives to performing logarithmic
transformations will be employed when isotope populations are found to deviate from normal
distribution characteristics. Non-detected results and results below detection limits will not be
arbitrarily replaced by ad hoc values but will be addressed employing statistical evaluation
techniques that have been designed to accurately account for the impact of non-detected results
on the characterization of analyte data sets.

Once the population parameters are developed based on the data set collected from each
RBRA, these populations will be evaluated to determine if they are statistically similar enough
to allow for combining the data sets. The null hypothesis is that the mean concentration of a
given radionuclide at each RBRA is statistically equal to the corresponding mean concentration
at the other RBRAs. Decision errors may occur through two scenarios.

e A false acceptance decision error would be to conclude that the null hypothesis is
true, when in fact, it is not. The consequence of this decision error would be to
conclude that the data sets of each RBRA can be statistically pooled when this
approach is in fact inappropriate.

e The second type of decision error is a false rejection error. The consequence of
this error would be to conclude that the data sets of each RBRA could not be
statistically pooled when they were in fact statistically equal.

The ultimate consequence of the false acceptance decision errors would be to use RBRA data
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to develop background threshold values (BTV) that are not representative of the true
background concentrations of the target isotopes. It is equally probable that the error would
result in BT Vs that are biased high or biased low. A BTV that is biased low would potentially
lead to overly conservative estimates of risk at subsequent site investigations, causing
additional expense and delay to address contamination that was in fact attributable to
background. A BTV that is biased high would be less effective in protecting human health and
the environment and could lead to a determination that site contamination is background when
it is in fact potentially attributable to site sources.

Both types of errors are limited by the decision rules. Decisions are not based on a single data
point, but rather on the entire body of data available. Consequently, a large number of data
errors would have to occur across several locations to bias the decision towards a false
acceptance or false rejection conclusion. The probability of simultaneous occurrences of error
at a large number of measuring points and over an extended period is very low.

The requirement that decisions be based only on data that have been accepted through the data
review and validation process also serves to limit the occurrence of decision errors.

1.5.3.7 Develop the Plan for Obtaining Data

The program that will be conducted to address the primary objective is summarized in the
following subsections.

1.5.3.7.1 Number of Samples

Each RBRA will first undergo a surface screening in accordance with standard operating
procedure (SOP) number (No.) 35 (included as an appendix to the Field Sampling Plan (FSP).
This surface screening will verify that there are no localized anomalies and to reposition soil
samples outside any identified anomalies. Surface soil samples will be collected from O to 6
inches bgs at each RBRA. Specific sample locations will be positioned in a grid pattern that is
superimposed onto each RBRA. Fifty surface soil samples will be collected from the single
RBRA overlying the Santa Susana Formation and a total of 50 surface samples will be
collected from the two RBRAs overlying the Chatsworth Formation. The selection process
used to derive the sampling locations for each area is detailed in Section 1.3.1 of the FSP.
The number of QA/QC samples required is shown in Table 1.1 of the FSP. Matrix spike
(MS)/matrix spike duplicate (MSD) samples will only be submitted for those tests for which
they are appropriate.

Twenty subsurface soil samples will be collected within each geologic formation; these
samples will be analyzed for the radionuclides of interest shown on Table 1.9. At each
sampling location, a subsurface soil sample will be collected from at a depth of 3 to 10 ft bgs
or from 3 ft bgs to bedrock (if less than 10 ft bgs). The number of QA/QC samples required
is shown in Table 1.1 of the FSP.

As part of the sampling process, a gross gamma count rate survey will be conducted for each
borehole in accordance with SOP No. 36 (included as an appendix to the FSP). This will be
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conducted to identify subsurface anomalies and to characterize the natural subsurface gamma
profile.

1.5.3.7.2 Analytical Methods and Detection Limits

Soil samples will be equal to or greater than 4 liters to ensure the best achievable analytical
sensitivity. Table 1.9 presents the radionuclides that will be used to determine the background
data sets at each of the RBRAs. This table also includes the associated analytical method,
half-life, estimated best minimum detectable concentration (MDC), and EPA’s agricultural
Preliminary Remediation Goal (PRG) for each radionuclide. These radionuclides were
selected as described in the document “Explanation of Selection of Proposed Radionuclides for
Consideration, Analysis, and Distance Test Locations” dated April 15, 2009. The rationale
for the selection of the target radionuclides is summarized in Appendix A of the FSP. The
Agricultural PRGs have been selected as the basis for site cleanup objectives in accordance
with California Senate Bill 990, which mandates the use of the PRGs in effect on January 1,
2007, as the risk range point of departure for radiological contamination at the SSFL site. For
some analytes, the estimated best MDC exceeds the Agricultural PRG. The potential impact
of each affected radioisotope is discussed in Appendix B.

1.5.4 Data Quality Objectives for the Secondary Objective

The following subsections describe the development of DQOs for the determination of
potential impact to RBRAs and for the RBRA surface soil gamma survey.

1.5.4.1 State the Problem

The selected RBRAs may have been impacted by SSFL activities and, therefore, may not
represent background concentrations of radionuclides of potential concern.

1.5.4.2 Identify the Goals of the Study

The secondary objective of the study is to collect the analytical data to answer the following
question (Question 2 in Table 1.3): Are the selected RBRAs for the Santa Susana and
Chatsworth Formations impacted by SSFL activities such that concentrations of radionuclides
are not representative of background?

If the answer to this question is no for any RBRA, it will be rejected for use as a background
reference area.

1.5.4.3  Identify Decision Inputs

Based on the principal study question, the following information is required:
o Identification of 40 suitable DTLs;
« Identification of study radionuclides;

o Quantitative gross gamma count rate survey measurements to determine the
homogeneity of each DTL sampling location; and
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« Surface soil samples and analytical results from each DTL sampling location and each
RBRA sample data set.

Only analytical results that have been determined to be usable after undergoing the data
verification, validation, and evaluation process described in Section 4.0 will be used as
decision inputs. The specific information sources associated with each of the study decision
inputs identified above are presented in Table 1.10.

1.5.4.4 Define the Boundaries of the Study

The spatial boundaries of the study are:

o Gamma gross count rate measurements will be taken in an approximately 50 ft by 50 ft
area at each proposed DTL to determine local homogeneity.

« Surface soil samples will be collected from 0 to approximately 6-inch depth.

o The data from each RBRA will be considered a unique data subset.

The temporal boundaries of the study are:

o Field activities will be conducted during dry season when surface soil moisture is
minimal to optimize detection of gamma radiation from soil.

o Study must be completed within the project schedule (by the spring of 2010).

1.5.4.5 Develop the Analytic Approach

Performance criteria and decision rules for achieving the primary objective have been developed
using the same procedures and guidance presented in the documents referenced in Section
1.5.3.5. The following decision rules have been developed for the analysis of data collected to
achieve the secondary objective:

o Quantitative gross gamma surveys will be conducted at each sampling location at each
DTL to determine if the sampling location contains anomalies. A location that contains
anomalies is potentially unsuitable for sampling and may need to be replaced. The
decision rules for determining if a specific location is suitable for sampling are
presented in Table 1.11.

« Once a pool of suitable locations has been sampled in the DTLs, the associated
analytical data will be evaluated to determine the statistical characteristics of each data
set, in accordance with the decision rules presented in Table 1.12.

o For each duplicate sample, evaluate the variability to determine if affects from the
matrix, sampling system, or analytical system are introducing bias or error into the
measurement process and if any data points need to be excluded from the final
evaluation. The decision rules for evaluating duplicate results are presented in Table
1.6.

e An evaluation to determine if the central tendency of each RBRA data set is
comparable to the DTL data set will be performed. In addition, the RBRA mean for
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each analyte will be compared to the range of the DTL. Table 1.13 summarizes the
decision rules for these comparisons.

1.5.4.6  Specify Performance or Acceptance Criteria

A description of the full set of statistical tools that will be utilized for evaluating whether data
sets meet the acceptance criteria are presented in Appendix A. This paper describes the null
hypotheses, the alternative hypotheses, and the acceptable limits on the Type I Error rate, a
(alpha), and the Type II Error rate, B (beta). The same restrictions on data transformation
described in Section 1.5.3.6 will apply to evaluating the data sets collected for achieving the
secondary objective. The null hypothesis for the secondary objective is that the mean
concentration of a given radionuclide at an RBRA is greater than the mean concentration in the
corresponding DTL. Decision errors may occur through two scenarios.

e A false acceptance decision error would be to conclude that the null hypothesis is
true, when in fact, it is not. The consequence of this decision error would be to
conclude that an RBRA was not representative of background conditions when in
fact it was. This scenario would cause project delays as alternative background
locations were evaluated and tested. This alternative program would provide no
better background locations than the originally selected ones and may provide
worse as the best candidate locations have already been selected for investigation in
the current study.

e The second type of decision error is a false rejection error. The consequence of
this error would be to assume that an RBRA was representative of background
conditions when in fact it was not.

The ultimate consequence of both decision errors would be to use RBRA data to develop
BTVs that are not representative of the true background concentrations of the target isotopes.
The false rejection error would lead to a high bias in the calculated BTVs. High bias would
also be the most likely indirect consequence of the false acceptance error. A BTV that is
biased high would be less effective in protecting human health and the environment and could
lead to a determination that site contamination is background when it is in fact potentially
attributable to site sources.

Both types of errors are limited by the decision rules. Decisions are not based on a single data
point, but rather on the entire body of data available. Consequently, a large number of data
errors would have to occur across several locations to bias the decision towards a false
acceptance or false rejection conclusion. The probability of simultaneous occurrences of error
at a large number of measuring points and over an extended period is very low.

The requirement that decisions be based only on data that have been accepted through the data
review and validation process also serves to limit the occurrence of decision errors.

1.5.4.7 Develop the Plan for Obtaining Data

The data collection plan (sampling program) is described in detail in Section 1.0 of the FSP.
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The program that will be conducted to address the secondary objective is summarized in the
following subsections.

1.5.4.7.1 Number of Samples

Forty DTLs were identified as potential sampling locations with 10 DTLs per compass
quadrant; i.e., 10 locations in the northeast quadrant, 10 locations in the northwest quadrant,
10 locations in the southeast quadrant, and 10 locations in the southwest quadrant. These
DTLs were selected based on the criteria presented in Table 1.10. A random number
generator will be used to select six of the 10 DTLs in each quadrant. A gross gamma surface
soil survey will be performed in accordance with SOP No. 35 at each selected DTL to
determine if the location has been impacted by radiological contamination. If anomalous
measurements are found, the location will be rejected and a new location will be selected from
the four remaining locations in that quadrant, using a random number generator.

A single surface soil sample will be collected from O to 6 inches bgs at each of the six selected
DTLs in each quadrant. The specific sampling locations at each DTL will be selected based
on professional judgment. Locations will be selected in areas where there is no evidence of
soil erosion or soil/sediment accumulation. Samples will not be collected within topographic
depressions or areas where there is evidence of surface water runoff (e.g., gullies). A random
number generator will be used to select five of the six samples collected from each quadrant
for laboratory analysis. The sixth sample will be archived as a backup sample for future
analysis if one of the five sample results is determined to be invalid for use in the data set.
The potential causes for rejection are numerous, such as data rejected during the validation
process due to a quality control issue or a value determined to be an outlier. Two field
duplicates and one MS/MSD pair will be collected and analyzed for QA/QC purposes.

1.5.4.7.2 Analytical Methods and Detection Limits

Soil samples are expected to be greater than 4 liters to ensure that requested detection limits
can be met; the final required mass will be determined after a commercial analytical laboratory
has been selected and the laboratory has provided the project team with their mass
requirement. Table 1.13 presents the radionuclides that will be used to determine the potential
for SSFL activities to have affected the proposed RBRAs. This table also includes the
associated analytical method, half-life, estimated best MDC, and EPA’s agricultural PRG for
each radionuclide. These radionuclides were selected as described in the document
“Explanation of Selection of Proposed Radionuclides for Consideration, Analysis, and
Distance Test Locations” dated April 15, 2009; the rationale for selection is summarized in
Appendix A of the FSP.

1.5.5 Data Measurement Quality Objectives

The QC elements associated with laboratory operations associated with this project are
presented in Table 1.14. These tables also include the data quality evaluation criteria
associated with each QC element. The principal tool for evaluating QC elements is the Z-
score.
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This value is calculated using the following formula:

7_ M-E
JTPUZ +TPUZ
where:
M = value of the measured results;
E = value of the expected results; and,
TPU = reported total propagated error associated with M and E

The Z-score for a measured parameter is used to evaluate the significance of the difference
between the measured value and the expected value. The Z-score is also known as the
normalized difference. A positive value for a Z-score indicates a high bias and a negative
value for a Z-score indicates a negative bias. In some cases, the absolute value of the Z-score,
or the normalized absolute difference, is used to evaluate a QC element. In this case, the
absolute value of the numerator is used in the calculation.

The null hypothesis for the evaluating Z-score is that M and E do not differ significantly. A
Z-score of 1.96 represents a 5 percent (%) chance of incorrectly rejecting the null hypothesis
and a Z-score of 2.58 represents a 1% chance of incorrectly rejecting the null hypothesis.
These values of 1.96 and 2.58 are incorporated into several QC element evaluation procedures
presented in Table 1.14.

Note that for MS evaluation, the E and TPUZ terms have two components. The E term

consists of the parent sample result plus the spike amount; the TPUZ term consists of the
TPU? for the parent sample result plus the TPU? for the spike amount.

1.5.6 Field Measurements

The field measurements that will be taken during the investigation include surface gamma
measurements and subsurface gamma measurements. These measurements will be screening
quality data for comparison purposes only. Maintaining and calibrating the equipment as
described in Section 2.6 will be performed to ensure that these measurement systems are
operating in accordance with the manufacturer’s specifications.

1.6 SPECIAL TRAINING REQUIREMENTS

Training requirements for working at the Santa Susana Radiological Background Study will
comply with the Generic QAPP for Region 3 RAC2 Work Assignments (HGL, 2007). Prior to
initiating the field work, all field personnel will receive training on the project-specific
requirements and sampling procedures. This training will be completed prior to mobilizing to
the field.
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2.0 MEASUREMENT AND DATA ACQUISITION
2.1 SAMPLE PROCESS DESIGN

The sampling process presented in the FSP (Sections 1.0 and 2.0) was designed to meet the
DQOs previously discussed in Section 1.0. Information in this section provides details related
to the sample collection to ensure the data are of known and acceptable quality.

2.2 SAMPLING METHOD REQUIREMENTS

Sampling methods include EPA and HGL SOPs to ensure samples are collected in a
standardized method to ensure they represent actual site conditions. The SOPs that will be
used for this project are included as an appendix to the FSP. Information in this section
discusses the sample container and collection requirements specific to each analytical
laboratory where sample analysis will be performed.

2.2.1 Sampling Equipment and Preparation

Sampling equipment required for the field program (including environmental sampling, health
and safety monitoring, equipment and personal decontamination, and general field operations)
are listed in Table 4.1 of the FSP.

Field preparatory activities will include review of the SAP and pertinent SOPs by all HGL
field personnel, a field planning meeting with HGL field personnel to discuss the content of
the SAP, the Health and Safety Plan (HSP), and general logistics related to implementation of
the field program, procurement of field equipment and supplies, and mobilization of
subcontractors.

The sampling equipment that will be used for this project includes:
« Surface soil samples will be collected using a stainless steel shovel or spade.
» Subsurface soil samples will be collected with a direct-push drill rig or hand auger.

o Surface gamma scanning will be conducted using a 3-inch by 3-inch sodium iodide
scintilllator gamma scanning system integrated with Global Positioning System (GPS).

o Subsurface gamma scanning will be conducted using an appropriate size sodium iodide
scintillator.

2.2.2 Sample Containers

All sample containers will be pre-cleaned and traceable to the facility that performed the
cleaning. Sampling containers will not be cleaned or rinsed in the field. Table 2.1 provides the
sample containers, preservation requirements, and holding times for the analyses that will be
conducted. Containers, coolers, and preservatives will be provided by the laboratory.

Most target analytes can be analyzed from sample aliquots collected in 1 gallon freezer bags
that should not be filled over half-full to prevent bursting in transit. These samples will be
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dried and ground in entirety at the laboratory to create a homogenous solid matrix. There is
some concern that carbon-14, tritium (hydrogen-3), chlorine-36, iodine-129, and technetium-
99 may become volatile under the sample processing conditions, and could potentially be lost
prior to the analytical process. Due to this concern, separate sample aliquots will be collected
for the analysis of these analytes. There will be some impact on sample homogeneity for the
aliquots selected for the analyses of these isotopes; however, losses of target analytes during
processing would represent a severe limitation to data usability.

2.2.3 Sample Collection for Off-Site Analysis

Sample collection procedures outlined in Section 2.0 of the FSP will be used to collect field
samples and associated QC samples in the containers with appropriate preservatives as
specified in Table 2.1. Documentation that will be delivered with samples includes sample
labels and chain-of-custody (COC) forms as specified in the applicable SOPs and Section 2.3.

When possible, samples will be shipped to the laboratory daily via Federal Express or other
overnight commercial carrier. Prior to shipping samples, the Field Team Leader will contact
the laboratory to confirm that laboratory personnel are available to receive the samples when
they arrive. If the samples must be held to accommodate the laboratory or field schedule, the
samples will be stored in a secure, temperature and humidity controlled environment.

2.2.4 Decontamination

Sampling equipment and other field items will be decontaminated in accordance with any
requirements specifically addressed in individual sampling SOPs and the general requirements
of SOP #11 Equipment Decontamination.

o All soil sampling equipment (such as drilling equipment, shovels, and trowels) will be
thoroughly cleaned and decontaminated before starting field work each day and
between soil sampling locations.

o Surface gamma scanning equipment will be thoroughly cleaned and decontaminated at
the beginning of each day and prior to initiating work at a new location.

o Sample preparation equipment (e.g., ball mill) will be cleaned and decontaminated
after processing each sample.

2.3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS

The following subsections describe the procedures that will be used to ensure that the integrity
of the samples is maintained. Procedures to ensure the custody and integrity of the samples
begin at the time of sampling and continue through transport, sample receipt, preparation,
analysis, and storage. A discussion of corrections to documentation is also included.

Table 2.2 summarizes the Sample Handling System and personnel responsible for each task.
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2.3.1 Field Sample Custody and Documentation

The purpose and description of the sample label and the COC record are discussed in the
following sections. All identification and tracking procedures for samples will follow HGL
SOP No. 3 Chain of Custody, SOP No. 4 Sample Identification, Labeling, and Packaging, and
SOP No. 5 Sample Location Documentation.

2.3.1.1 Sample Labeling and Identification

An alphanumeric coding system will uniquely identify each sample accepted during the field
investigation. Because the radiological samples will be sent to laboratories directly under
contract to HGL, sample numbers will not be assigned an associated Routine Analytical
Services or Regional Delivery of Analytical Services number. COC records will be completed
in accordance with the requirements of Section 4.3 (“Non-Contract Laboratory Program
[CLP] Samples”) of HGL SOP No. 3.

Equipment blank(s), will be identified by an “EB” following a number indicating the date;
e.g., the equipment blank collected on July 15, 2009 would be identified as “EB071509”. If
multiple equipment blanks are collected on the same day, each will be distinguished by a suffix
starting with “A”, then “B”, and so on. The parent sample associated with each field
duplicate will be noted in the field log books and will be provided to the data validator, but the
laboratory will not be provided with the identity of the parent sample.

The location of each sample, as well as time and date of sample collections and requested
analyses, will be recorded on a field sheet completed for each sample. An example field sheet

is provided in the FSP.

2.3.1.2  Chain-of-Custody Requirements

Sample COC procedures will follow the requirements set forth in HGL SOP No. 3. The COC
record is employed as physical evidence of sample custody and control. This record system
provides the means to identify, track, and monitor each individual sample from the point of
collection through final data reporting. An example COC record is included with the field
forms in the FSP.

The COC record is initiated with the acquisition of the samples and remains with the sample at
all times. The COC includes the name of the field personnel assuming responsibility for the
samples and documents transfer of sample custody. To simplify the COC record and eliminate
sample custody questions, as few people as possible will handle the samples during the
investigation.

A sample is considered to be under custody if one or more of the following criteria are met:
o The sample is in the sampler’s possession;

o The sample is within the sampler’s view after being in possession;
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o The sample was in the sampler’s possession and then was locked up to prevent
tampering; or,

o The sample is in a designated secure area.

In addition to the COC record, custody seals are used to maintain the custody of samples
during shipment. Custody seals are adhesive seals placed on items (such as sample shipping
containers) in such a manner that if the sealed item is opened, the seal would be broken. The
custody seal provides evidence that no sample tampering occurred between shipment of the
samples and receipt of the samples by the laboratory.

The COC will be completed for each accepted sample that will be submitted to the commercial
laboratory selected for analysis. The COC will be completed by the field sampling team. The
field sampler will sign off on the COC when the samples are relinquished to the sample
coordinator for packaging and shipping of the samples to the laboratory.

The sample coordinator will sign the COC when accepting custody of these samples, and will
relinquish custody to Federal Express or other commercial overnight carrier for shipment by
noting the carrier name and the air bill number on the COC form. The COC will be shipped
to the laboratory with the samples, and a copy of the COC will be maintained by HGL.

2.3.2 Sample Packaging and Shipping

Samples will be packaged and shipped promptly after collection. When sent by common
carrier, packaging, labeling, and shipping of hazardous materials are regulated by the U.S.
Department of Transportation (DOT) under Code of Federal Regulations (CFR) Title 49, Part
172. Samples will be handled, packed, and shipped in accordance with HGL SOP No. 4,
Sample Identification, Labeling, and Packaging, which includes applicable DOT requirements.

Key steps for packaging samples for shipment are outlined below:

1) Wrap glass containers in bubble wrap to protect them during shipment. Enclose and
seal labeled sample containers in appropriately sized plastic zip-top bags.

2) Place a large plastic garbage bag into a sturdy cooler in good repair. Pour 2 to 4
inches of Styrofoam peanuts or bubble wrap into the plastic bag. Place the sample
containers in the bag with sufficient space to allow for the addition of more packing
material and ice between the sample containers, depending on preservation
requirements.

3) Depending on preservation requirement, place ice in large sealed, double-bagged zip-
top plastic bags. Place the ice on top of and/or between the samples. Fill all
remaining space between the sample containers with packing material. Enough bagged
ice should be included to maintain the samples at 4 degrees Celsius (°C) until the
cooler arrives at the laboratory. A temperature blank will be included in each cooler
for the lab to verify the samples arrival temperature is 4 °C. Seal the top of the
garbage bag with fiber or duct tape.
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4) Complete shipping/sample documentation including air bill shipment forms for each
cooler. Seal traffic report/COCs inside a waterproof plastic bag and tape the bag inside
the shipping container lid. Include a return address for the cooler.

5) Close the shipping container, affix signed and dated custody seals, and seal the cooler
with nylon fiber strapping tape.

All samples will be shipped by an overnight delivery service to the designated laboratory. A
copy of each air bill will be retained by HGL and the air bill number will be recorded in the
field logbook so the cooler can be easily tracked if mishandled.

2.3.3 Field Logbook(s) and Records

2.3.3.1 Field Logbooks

An important element of field documentation is the proper maintenance by field personnel of
the site-specific field logbooks. Field logbook(s) will be maintained by the field team in
accordance with HGL’s SOP No. 6, Use and Maintenance of Field Logbook. The logbook is
an accounting of the accomplishment of scheduled activities, and will duly note problems or
deviations from the governing plans and observations relating to the field program. Logbooks
will be kept in the field team member’s possession or in a secure place when not being used.
The Project QA/QC Officer, or his designee, will periodically check logbook entries to ensure
the required information is present as specified in the SOP.

2.3.3.2 Field Forms

In addition to the field logbooks, field forms will be used to record sampling activities and
measurements taken in the field. Field forms to be used during this project are included in the
FSP. Information included on the field sheets will be repeated in the field logbook. Each
completed field sheet will be referenced in the field logbook, as appropriate.

At the conclusion of site activities or when the logbook is filled, the logbook and field forms
will be incorporated into the project file as part of HGL’s document control procedures.
Completed field sheets also will be maintained in the project file.

2.3.3.3 Photographs

Field activities and sampling events will be documented using a digital camera. For each
photograph, the following items will be recorded in the applicable field logbook or noted in a
photographic record:

o Date of photograph;
o Time of photograph;
o Signature of the photographer;

 Identification of the site or sample by sample number;

U. S. EPA Region 9

Santa Susana QAPP - E10021 2-5 HydroGeoLogic, Inc. August 2009



HGL—Quality Assurance Project Plan, Santa Susana Field Laboratory—Ventura County, California

o General direction the photograph is oriented; and,

o Sequential number of the photograph.
2.3.4 Laboratory Custody Procedures and Documentation

Laboratory custody procedures are provided in the laboratory’s QA Manual. Upon receipt at
the laboratory, each sample shipment will be inspected to assess the condition of the shipping
cooler and the individual samples. This inspection will include measuring the temperature of
the cooler (if cooling is required) to document that the temperature of the samples is within the
acceptable criteria (4 + 2 °C) and verifying sample integrity. The pH of preserved aqueous
samples will be measured. The enclosed COC record(s) will be cross-referenced with all of
the samples in the shipment. Laboratory personnel will then sign these COC records and
copies provided to HGL will be placed in the project file. The sample custodian may continue
the COC record process by assigning a unique laboratory number to each sample on receipt.
This number, if assigned, will identify the sample through all further handling. It is the
laboratory’s responsibility to maintain internal logbooks and records throughout sample
preparation, analysis, data reporting, and disposal.

2.3.5 Corrections to and Deviations from Documentation

The procedures for correcting erroneous field entries are described in HGL SOP No. 6, Use
and Maintenance of Field Logbooks. If required, a single strikeout initialed and dated is
required to document changes. The correct information should be entered in close proximity
to the erroneous entry. The same procedure will be used on field logbooks, field sheets, and
COC records.

Any deviations from the guidance documents (FSP, QAPP, HSP, SOPs) will be recorded in
the appropriate field logbook. A field change request form, included in the FSP, will be
completed prior to implementing the deviation. The field change request form will be signed
by the Head Geologist and Project Manager. Significant deviations will additionally require
signature by the EPA Work Assignment Manager (WAM) before the deviation is
implemented. Completed field change request forms will be included and discussed in the
field investigation report.

2.4 ANALYTICAL METHODS REQUIREMENTS

Analytical analyses will be subcontracted to the Pittsburgh, Pennsylvania, facility of Pace
Analytical Services, Inc. (PASI). PASI is a qualified laboratory that does not have an
unacceptable conflict of interest (COI). Assumptions include the following:

o One laboratory will be contracted to conduct all analyses.

o Analytical services will be based on the radionuclide list presented in Table 1.9, with
associated MDC requirements. The laboratory QA manual is presented in Appendix
C.

« Milling will be performed by the laboratory.

U. S. EPA Region 9

Santa Susana QAPP - E10021 2-6 HydroGeoLogic, Inc. August 2009



HGL—Quality Assurance Project Plan, Santa Susana Field Laboratory—Ventura County, California

o Not all MDCs are achievable.

e One archive volume per sample will be prepared by the laboratory and transferred to
the EPA; these archive volumes will be retained by the EPA for a minimum of 90 days
after the final report is issued for the results associated with the analyzed fraction of
these samples.

« One in 20 samples will be analyzed for MS/MSD, as applicable to analytical methods.

o Data packages will conform to EPA Level 4 (full validation with raw data) standards,
and contain the items listed in Exhibit 2.1.

The formula that PASI will use to calculate MDCs is presented below:

3.29 |R, * i+i +3* i+i
Ts Tb Ts Tb

MDC=
k
where:
Ry = the instrument background count rate
Ts = the sample count duration
Tv = the background calibration count duration
k = the standard denominator

It is recognized that some vendor-supplied proprietary software may use a variant of the MDC
formula described above, and that the lab may not have control over the exact MDC formula
used. In these cases, the lab will provide documentation as to the MDC formula being used by
the software. If the lab can select from a variety of MDC formulas in such a proprietary
software application, the formula that most closely matches the one described above will be
used.

2.4.1 Laboratory Quality Assurance Program

Samples accepted during this project will be analyzed in accordance with standard EPA and/or
nationally-accepted analytical procedures. The laboratory will adhere to all applicable QA/QC
requirements stated in the applicable method and the laboratory QA Plan. Applicable
recommendations of the Multi-Agency Radiological Laboratory Analytical Protocols Manual
(MARLAP) (EPA et al., 2004) and Evaluation of Radiochemical Data Usability (DOE, 1997)
will also be followed whenever practicable. Other QA elements associated with the laboratory
analysis program include:
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o A one day audit of each laboratory will be performed during the analyses of project
samples.

o An appropriate mass of customized performance evaluation (PE) sample will be
purchased that contains as many of the radionuclides of interest as are commercially
available.

o Blind PE samples will be submitted to each project laboratory for analysis by all
analytical methods, including those methods for which the target analytes were not
spiked into the PE sample.

2.4.2 Methods for Off-Site Laboratory Analysis

Analytical instrumentation techniques that will be used by the laboratory are shown in Table
1.9.

2.5 QUALITY CONTROL REQUIREMENTS
2.5.1 Field Quality Control Samples

Field QC samples will be used to gauge the accuracy and precision of field collection
activities. QC samples will be submitted to the laboratory and include field duplicates,
equipment rinsate blanks, and decontamination source water blanks. Table 1.1 and Appendix
A of the FSP provide information on the number and types of analyses that will be performed,
along with the number of associated QC samples that will be collected.

The conventional procedure for collection of field duplicate samples is to perform a field
homogenization of the sample and submit two aliquots as separate samples. Based on the
requirements of this project, field homogenization is considered inadequate to obtain
representative split aliquots and field duplicate samples processed in this way would have a
source of variability associated with them that would not be applicable to other samples. Field
duplicates for this project will be obtained using co-located samples rather than samples
homogenized and split in the field. Surface soil duplicate samples would be collected from
approximately 2 feet away from the location of the parent sample. Subsurface soil duplicate
samples would be collected from borings offset 2 feet from the boring advanced to collect the
parent sample.

QC samples and rationale are discussed in the Generic QAPP for Region 3 RAC2 Work
Assignments (HGL, 2007).

2.5.2 Laboratory Quality Control Samples

Laboratory QC samples will include calibration verification checks, method blanks, laboratory
control samples, laboratory duplicates, and MSs are required by the analytical method.

Laboratory QC samples and rationale are discussed in the Generic QAPP for Region 3 RAC2
Work Assignments (HGL, 2007). The laboratory will analyze laboratory QC samples in
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accordance with its in-house QA plan and method requirements.
2.6 EQUIPMENT MAINTENANCE PROCEDURES

All equipment will be maintained in accordance with the Generic QAPP for Region 3 RAC2
Work Assignments (HGL, 2007). Field equipment maintenance procedures are detailed in
Table 2.3. Laboratory maintenance procedures are presented in the laboratory QA manuals
included as Appendix C.

2.7 INSTRUMENT CALIBRATION PROCEDURES AND FREQUENCY
2.7.1 Field Equipment

Equipment handling and calibration procedures will follow the manufacturer’s instructions and
will be in accordance with the Generic QAPP for Region 3 RAC2 Work Assignments (HGL,
2007). Site-specific equipment calibration procedures are detailed in Table 2.3.

2.7.2 Laboratory Equipment

Calibration of laboratory equipment will be based on written procedures approved by
laboratory management and included in the laboratory’s QA manual (Appendix C).
Instruments and equipment will be initially calibrated and subsequently continuously calibrated
at approved intervals, as specified by either the manufacturer or more frequent requirements
(e.g., methodology requirements). Calibration standards used as reference standards will be
traceable to the EPA, National Institute of Standards and Technology, or another nationally
recognized reference standard source. Calibration and spike standard preparation and
traceability information must be presented the laboratory data reports to allow for review and
evaluation during the data validation process.

Records of initial calibration, continuing calibration and verification, repair, and replacement
will be maintained by the laboratory where the work is performed in accordance with the
requirements in the laboratory QA manual.

2.8 ACCEPTANCE REQUIREMENTS FOR SUPPLIES

Prior to acceptance, all supplies and consumables will be inspected to ensure that they are in
satisfactory condition and free of defects. If defects are noted, the item will be replaced. The
field team leader or designated HGL personnel will inspect all supplies and consumables
provided by subcontractors.

2.9 NONDIRECT MEASUREMENT DATA ACQUISITION REQUIREMENTS

Nondirect measurements include information from logbooks, site documents, photographs, and
data from other studies that can be used to augment the data set collected under this project
and assist in decision-making. All logbooks, data sheets, and photographs generated by HGL
during field activities will be documented and maintained in accordance with the requirements
of Section 2.3.3. Information from external sources will be evaluated for any limitations on
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data use and will be incorporated into project decisions only with concurrence from the EPA.
These sources will be identified in any project reporting documents and these documents will
include relevant information on any such sources, including the original generator, associated
quality control, and limitations on use.
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3.0 ASSESSMENT AND OVERSIGHT
3.1 ASSESSMENTS AND RESPONSE ACTIONS

Assessment and Response Actions will be in accordance with the Generic QAPP for Region 3
RAC2 Work Assignments (HGL, 2007). Assessment activities are outlined in Table 3.1, and
procedures for handling project deviations are outlined in Table 3.2.

The HGL project management team will conduct an audit during the initial stages of this
project to ensure that the procedures of this QAPP, the FSP, the HSP, and field SOPs are
being performed. The HGL audit team will identify items requiring immediate corrective
action and verify that the corrective action has been performed to address any deficiencies.
The team will produce a report that will document findings and corrective actions.

At the discretion of EPA Region 9, the EPA will perform an oversight audit to verify that all
agreed-upon procedures are being followed and that no QA discrepancies will affect the results
of the investigation. Any discrepancies found will be addressed as they are identified.

3.2 REPORTS TO MANAGEMENT

Reports will be generated for all QA audits that are conducted and provided to the QA
Manager. Reports will include deficiencies that were noted during the audit and corrective
actions that were planned or implemented.

The EPA WAM will receive QA reports whenever major quality problems cannot be
immediately corrected. A QA summary of major quality problems and their resolution will be
also be provided to the EPA WAM in a timely manner. This QA summary will detail any
quality issues that cause data to be provisionally rejected pending EPA review and approval
(see Section 4.2.1). A summary will be provided after data validation is complete and will
include all results provisionally rejected due to deficiencies in data quality. A second
summary will be provided after statistical evaluation of the data sets and will include all results
provisionally rejected as outliers.

U. S. EPA Region 9

Santa Susana QAPP - E10021 3-1 HydroGeoLogic, Inc. August 2009



This page intentionally left blank.



HGL—Quality Assurance Project Plan, Santa Susana Field Laboratory—Ventura County, California

4.0 DATA VALIDATION REQUIREMENTS AND USABILITY
4.1 QUALITY CHECK OF RADIOLOGICAL DATA

Analytical data packages will be received from the laboratory in both hard copy and electronic
data deliverable (EDD) format for uploading into the project database. The project manager
or designee will perform a quality check of the laboratory results by reviewing sample
numbers versus COCs and field sheets for consistency and completeness. HGL will
subcontract data verification and validation services. The project chemist or designee will
review any qualifiers added by the validator to determine usability of the results.

4.1.1 Data Validation Protocols

The data validation contractor will validate radiological analysis results. Data validation will
be performed in accordance with DOE document Evaluation of Radiochemical Data Usability
(DOE, 1997) and MARLAP (EPA et al., 2004). The data validation will be the equivalent of
an EPA full validation (“Level IV”) and will include examination of raw data and
recalculation of results. Each data validator will be required to be a radiochemist with at least
two years of experience in radiochemical separations and measurement.

Table 1.15 shows data qualification conventions for QC elements associated with the project
analyses. These conventions are general, and will be supplemented by method-specific QC
elements where appropriate. When analytical results are reported in association with QC
results that do not meet the performance criteria, the validator will apply the appropriate
qualifier as presented in Table 1.15. Alternative qualification approaches that contradict the
requirements of Table 1.15 are allowed if, in the validator’s judgment, the alternative is
appropriate for a specific QC issue. Each instance of application of an alternative protocol
must be documented in the corresponding data validation report to allow for EPA review and
final approval.

4.1.2 Raw Data and Process Review

In addition to the laboratory QC elements and qualification conventions described in Table
1.15, the data validation process will also include a review of the following elements:

e Sample receipt, condition, and preservation;
e COC;

e Sample preparation documentation;

e Standard preparation and traceability;

e Required MDCs;

e Field (equipment) blank performance;

e Field duplicate performance;

e Examination of raw data to verify laboratory and instrument performance;
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e Holding times;

¢ Nuclide identification and interferences;
e Detection decisions;

e Sample aliquot representativeness; and

e Data intercomparison between parents and daughters and gross screening
results.

The validator will also be responsible for checking selected results for transcription errors
from raw data to summary forms (both for representative sample and QC results) and for
performing recalculation of selected reported sample and QC analysis results.

4.1.3 Equipment Blank Data Review

One equipment (rinse) blank will be collected each day by each field team. Equipment blanks
will consist of decontamination water poured over or through a freshly decontaminated piece
of equipment used by that team during that day’s sampling activities. Each day’s set of
equipment blanks collected for analysis will be submitted in conjunction with a sample of the
decontamination source water collected directly from the source. Each equipment blank and
source water sample will be analyzed for uranium isotopes only and the results will be
reported to HGL within 14 days of collection.

HGL will evaluate the results of each rinse blank and to the corresponding source water results
to determine if there are substantial differences at the 99% confidence level. If substantial
differences are not noted, the decontamination procedures will be considered to be effective
and no additional analyses will be required for that specific rinse blank. If substantial
differences are noted, it is possible that incomplete decontamination procedures could affect
results by cross-contamination. The project team leader will initiate an investigation into the
source of the problem and take corrective action. HGL will also instruct the laboratory to
analyze the affected rinse blank and source water sample for all project parameters. In these
cases, the full set of results for the equipment blank and source water blank will be required to
be included in the same data report as the soil samples collected on the same day.

Validators will evaluate each rinse blank that was analyzed for the full set of parameters. For
each such rinse blank, those analytes that show a substantial difference (at 99% confidence)
from the corresponding source water sample will be treated as contamination and will be
compared to the associated soil sample results (with adjustment for matrix differences). Soil
sample results that do not differ from the corresponding rinse blank result at 99% confidence
will be considered potential artifacts and qualified B.

4.1.4 Performance Evaluation Sample Review

PE samples will be analyzed for all project analytes at the required MDCs for the project. PE
sample results will be evaluated against the certified values provided by the manufacturer.
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The Z-score will be calculated as:
Z = abs(R-C)/sqrt(ur™2 +uc™2)

where:
R = analysis result
ur = 1o CSU for the analysis result
C = analyte certified value
uc = lo uncertainty in the certified value

PE sample results will have a Z-score < =2.58.

PE sample results will not be evaluated for naturally occurring radionuclides whose activity
values are not certified.

PE sample results for anthropogenic radionuclides whose values are not certified will be
evaluated on the assumption that C = zero and uc = one half the requested MDC.

4.2 RECONCILIATION WITH USER REQUIREMENTS
4.2.1 DQO Reconciliation

After the data quality reviews and validation are complete as discussed in Sections 4.1, HGL
will determine which data are usable for their intended purposes based on the DQOs that have
been established for this project. Reconciliation with the DQOs and overall project objectives
will be discussed in the data quality assessment report produced in accordance with the
guidance in MARLAP (EPA et al., 2004). Rejection of any data, whether due to a
discrepancy identified in the validation process or as the result of the application of statistical
tests, requires explicit EPA Region 9 concurrence. Summary reports of all data provisionally
rejected for decision-making and rationale for rejection will be provided to EPA for EPA’s
final determination of data usability (see Section 3.2).

4.2.2 Data Reduction and Tabulation

Data reduction and tabulation will be performed using the various data that have been
uploaded into a project database during the course of the WA as described in Section 5.2.

U. S. EPA Region 9
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5.0 DATA MANAGEMENT AND VISUALIZATION
5.1 INTRODUCTION

The sample activities to be conducted at this site will generate fixed laboratory data from the
analysis of samples from multiple media, field measurements, and other site-derived
information. The resulting data will be entered into a single data management system for
consistency in tracking samples; storing and retrieving data; evaluating analytical results;
visualizing data; and generating data tables and reports. The data management procedures for
this project are in accordance with Generic QAPP for Region 3 RAC2 Work Assignment (HGL,
2007).

5.1.1 Objectives of Data Management Plan

Successful data management results from coordinating data collection, control, storage,
access, reduction, evaluation and reporting. This Data Management Plan (DMP) documents
the methodology that will be employed during project execution to link the various data
management tools, including software packages, to assure that the various data and
information types to be collected are systematically obtained and managed.

The specific objectives of this DMP are:

« Standardize and facilitate the collection, formatting, and transfer of project data into the
data management system and components;

o Provide a structured data system that will support the end uses of the data presented in
Section 6.5.1 of the QAPP;

o Minimize the uncertainties associated with the data, data-derived products, and
interpretation of results through defined QC measures and documented processes,
assumptions and practices; and,

o Provide data that are adequately documented with descriptive information for technical
defensibility and legal admissibility of the data.

5.1.2 Data Management Team Organization

A Data Management Team has been established for the site and the personnel comprising this
team are included in Table 1.1.

5.1.3 Roles and Responsibilities of Data Management Team

The roles and responsibilities of the Data Management Team are in accordance with the
Generic QAPP for Region 3 RAC2 Work Assignments (HGL, 2007).

5.1.4 Data Management Process

The data management process is in accordance with the Generic QAPP for Region 3 RAC2
Work Assignments (HGL, 2007).

U. S. EPA Region 9
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5.2 DATABASE

HGL will create and maintain the project database, and will ensure that the database is
organized in a fashion that can be queried to support project data reporting needs. Validated
analytical data will be uploaded into the project database only after a series of QC checks have
established that all appropriate qualifiers have been applied and the EDD content is complete
and accurate.

5.2.1 Data Collection

All analytical sample data will be received from each laboratory following sample analysis as a
Staged Electronic Data Deliverable (SEDD) for inclusion in the database. SEDDs will be
received as an Extensible Markup Language (.xml) file. As results may change during data
validation, all validated data will supersede the ‘as-delivered’ (unvalidated) results.

5.2.1.1 Data Tracking Sheets

Once data have been collected, sample result packages will be checked by the Data Manager
(DM) for completion and entered onto a sample tracking sheet by the Sample Manager. A
sample tracking sheet will inventory samples collected and determine which results have not
been received from the laboratory. If data is missing, the DM will contact the appropriate
laboratory coordinator to obtain electronic/hard copies of the missing data.

5.2.1.2  Database Log

During the data manipulation process, the DM will maintain a database log updated with
project-specific assumptions and changes made.

5.2.2 Pre-Processing Non-SEDD Data

All data not received as a SEDD will be entered into a separate Excel spreadsheet in order to
be loaded into the site database, rather than directly keyed into the database through the user
interface. This is preformed so that the loading quality checks are uniformly applied, and to
assure that all data pass through the same QC process. Data included in this step are sample
collection information, field parameters, soil boring and well construction logs, survey
information and investigation-derived waste (IDW) information. All hand-entered data will
receive a 100% QC check before being loaded into the database.

5.2.3 Processing Staged Electronic Data Deliverables

Each SEDD will be loaded into the Excel database by the Database Administrator using the
data loading tools provided in the software. Analytical data will be provided by the data
validation subcontractor in SEDD format and will not require revision to perform the
Automated Data Review. All data in each SEDD will be validated by other EPA contractors
before receipt by HGL.
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5.2.4 Post-Processing

Data will be exported from the Excel database to Environmental System Research Institute’s
ArcView geographic information system (GIS) for analysis and visualization. Database
queries in support of the GIS will be conducted when analytical data has been validated and
entered into the database.

5.2.5 Reporting

Following the one-time soil sampling event, tables of results of sample analysis, population
characteristics, and population comparisons will be generated from the database after the
sampling effort is completed and validated analytical results have been received. These results
will be compared to the decision rules presented in QAPP Section 1.0. These tables will
supplement the technical memorandum to be prepared by HGL.

At conclusion of project, the entire project database will be provided to EPA Region 9 without
limitations. This database will be in a format that is usable with commercially available
software; no proprietary software will be required for database access.

U. S. EPA Region 9
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Table 1.1
Personnel Responsibilities

Name

Organization/Contact Information

Responsibility

Nicole Moutoux

USEPA Region IX

75 Hawthorne Street (SFD-8-2)
San Francisco, CA 94105
(415) 972-3012

Work Assignment Manager

Mary Aycock

USEPA Region IX

75 Hawthorne Street (SFD-8-2)
San Francisco, CA 94105
(415) 972-3289

Assistant Work Assignment
Manager

Gregg Dempsey

Center for Environmental Restoration,
Monitoring and Emergency Response
Radiation and Indoor Environments
National Laboratory

P.O. Box 98517

Las Vegas, Nevada 89193-8517
(702) 784-8232

Technical Lead

James Clark

USEPA Region III
1650 Arch Street
Philadelphia, PA 19103
(215) 814-5198

RAC 2 Contracting Officer

Jan Kool, Ph.D, P.G.

HGL

11107 Sunset Hills Road, Suite 400
Reston, VA 20190

(703) 478-5186

RAC?2 Program Manager

Eric Evans, PMP

HGL

Northway 10 Executive Park,
313 Ushers Road

Ballston Lake, NY 12019
Phone: (518) 877-0390

Project Manager

Peter Dacyk

HGL

Northway 10 Executive Park,
313 Ushers Road

Ballston Lake, NY 12019
Phone: (518) 877-0390

Head Geologist

Ken Rapuano

HGL

11107 Sunset Hills Road,
Suite 400

Reston, VA 20190

(703) 478-5186

Project Chemist

Jeff Martin

HGL

11107 Sunset Hills Road,
Suite 400

Reston, VA 20190

(703) 478-5186

Database Manager




Table 1.1 (continued)
Personnel Responsibilities

Name

Organization/Contact Information

Responsibility

Chuck Smith

HGL

8245 Nieman Road, Suite 101
Lenexa, KS 66214

(913) 317-8860

Project QA/QC Officer

Mark McGowan

HGL

11107 Sunset Hills Road,
Suite 400

Reston, VA 20190

(703) 478-5186

Corporate H&S Officer

Carl Palladino

TPC

720 Fillmore Street

San Francisco, CA 94117
(415) 861-1945

Radiological Services

David C. Burns

TPC

PO Box 976

Fort Collins, CO 80522
(970) 980-9792

Radiochemistry Expert

Jackie Collins

PASI-Pittsburgh

1638 Roseytown Road,
Suites 2, 3, and 4
Greensburg, PA 15601
(724) 850-5600

Laboratory Project Manager

Randall Hill

PASI-Pittsburgh

1638 Roseytown Road,
Suites 2, 3, and 4
Greensburg, PA 15601
(724) 850-5600

Laboratory QA Officer

Richard Kinney

PASI-Pittsburgh

1638 Roseytown Road,
Suites 2, 3, and 4
Greensburg, PA 15601
(724) 850-5600

Laboratory Radiochemistry Section
Manager

TBD

Project Data Validation Firm - TBD

Data Validation Project Manager




Table 1.2
Communication Pathways

Communication Drivers

Responsible Entity

Name

Phone Number

Procedure (Timing, Pathways, etc.)

Corporate project oversight and
resource allocation

HGL Program Manager

Jan Kool,
Ph.D, P.G.

(703) 478-5198

Evaluate project support requirements at periodic program
staff meetings and at request of Project Manager.

Manages all project phases

HGL Project Manager

Eric Evans,
PMP

(518) 877-0390

Interact with the Program Manager, HGL personnel,
subcontractors, EPA Region 9, and stakeholders.

Notify Region 9 WAM of field-related problems by
phone, e-mail, or fax by close of business (COB) the next
business day.

Approves all real-time changes to the QAPP and
coordinates obtaining EPA Region 9 WAM approval for
QAPP non-time critical QAPP modifications.

Transmit all project deliverables (including revisions) to
EPA Region 9 and stakeholders.

Field sampling

Head Geologist

Peter Dacyk

(518) 877-0390

Prepare daily progress reports and fax or e-mail to HGL’s
Project Manager.

Coordinate field activities with on-site contractors and
HGL personnel.

Inform Project Manager and/or QA/QC Officer of field
issues requiring resolution.

Notify Project Manager immediately if work stopped due
to technical or health and safety (H&S) issues.

Alerts PM or Project Chemist of need for real-time
modification of QAPP (with EPARegion 9 WAM
approval) if field conditions warrant.




Table 1.2 (continued)
Communication Pathways

Communication Drivers

Responsible Entity

Name

Phone Number

Procedure (Timing, Pathways, etc.)

Analytical program oversight

HGL Project Chemist

Ken Rapuano

(703) 736-4546

Provide guidance through memoranda, e-mail, or phone
to HGL field staff, laboratory subcontractors, and data
validation staff to ensure that data of required quality is
obtained.

Approves validated data for release for project use.

Identify QAPP non-conformances and recommends
corrective action to the Project Manager.

Informs Project Manager whether real-time deviations
from the QAPP can be considered single-instance or
require QAPP modification (with EPA Region 9 WAM
approval).

Overall project QA

HGL Project QA/QC
Officer

Chuck Smith

(913) 317-8860

Communicate program QA/QC requirements to the
HGL Project Manager and Project Chemist.

Determine need to develop procedural changes to
address QA/QC deficiencies.

Laboratory project management

Subcontract Laboratory

PASI

(724) 850-5600

Approve transmittal of analytical reports to the HGL
Project Manager.

Inform HGL Project Manager and/or Project Chemist of
QC issues by COB next business day.

Alert HGL Project Manager and/or Project Chemist of
need to modify QAPP (with EPA Region 9 WAM
approval) based on analytical conditions.

Coordinate interaction of the laboratory manager,
laboratory QA manager, and analytical staff with HGL
management as needed to resolve QA/QC issues.




Table 1.3
Problem Definition

The problem to be addressed by the project: The objective of this project is to determine the background concentrations of target
radionuclides in soils at each of the two geological formations (the Santa Susana and the Chatsworth) located at the SSFL.

The environmental questions being asked: Question 1: What are the concentration population characteristics of radionuclides of potential
concern in the RBRAs? Question 2: Are the selected RBRAs for the Santa Susana and Chatsworth formations impacted by SSFL activities
such that concentrations of radionuclides are not representative of background?

Observations from any site reconnaissance reports: Visits to the RBRAs indicate acceptable locations for collection of required data.

The possible classes of contaminants and the affected matrices: The class of contaminants is naturally occurring and man-made
radionuclides; the affected matrix is soil (surface and subsurface).

The rationale for inclusion of chemical and non-chemical analyses: The rationale for the selection of target radionuclides is presented in
Tables 1.5 and 1.11. Screening gamma surveys are included to assist in the identification of anomalous or impacted locations that should be
excluded from the comparison or background data sets.

Information concerning various environmental indicators: During sampling activities, each site will be inspected for signs of disturbance
that could cause a sampling location to be rejected as an anomaly.

Project decision conditions (“If..., then...” statements): The decision conditions used to answer Question 1 are presented in Tables 1.6
through 1.9. The decision conditions used to answer Question 2 are presented in Tables 1.6, 1.8, 1.12, and 1.13.
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Table 1.4

Project Documents and Records

Sample Collection
Documents and Records

On-site Analysis
Documents and Records

Off-site Analysis
Documents and Records

Data Assessment
Documents and Records

Other

Field notes (bound logbook)

Equipment calibration logs

Sample receipt, custody, and
tracking records

Data validation reports

Project planning documents

Daily Quality Control
Reports

Equipment maintenance,
testing, and inspection logs

Standard traceability logs

Automated data review
reports

Project deliverables

Chain-of-custody records

Field sampling data sheets

Equipment calibration logs

Database QC Spreadsheets

Telephone logs, e-mails,
faxes, and correspondence

Air bills

Waste disposal records

Sample preparation logs

Telephone logs, e-mails,
faxes, and correspondence

Permits

Custody seals

Analytical run logs

Site maps

Telephone logs, e-mails,
faxes, and correspondence

Equipment maintenance,
testing, and inspection logs

Corrective action forms

Analytical discrepancy forms

Photographs

Reported analytical results

Reported results for
standards, QC checks, and
QC samples

Data package completeness
checklists

Sample disposal records

Extraction and cleanup
records

Raw data (stored
electronically)

Telephone logs, e-mails,
faxes, and correspondence
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Table 1.5
Decision Inputs for Determination of SSFL. RBRA Data Sets

Information Needed

Information Source

Identification of radionuclides of potential concern

Criteria for selection of radionuclides:
e Used or produced at SSFL.

e Half-life more than 1 year (21 half-lives since
1988 when operations ceased). An exception to
this criterion is if the radionuclide has a half-life
of less than one year and its parent is included on
the list, then it would also be retained.

e The physical state of the radionuclide was not a
gas. An exception to this criterion is if the
radionuclide is a gas and its parent is on the list,
then it would also be retained.

e The SSFL Technical Workgroup elected to retain
a specific radionuclide.

¢ The radionuclide has an Agricultural Preliminary
Remediation Goal (Ag PRG).

Table 1.9 summarizes the list of radionuclides of
potential concern that meet the selection criteria.

Potential uses of developed study data

The study data will be used as reference area data for
comparison to characterization, remediation, and
release (final status surveys) criteria which have not
been established.  Potential release criteria to be
considered are as follows:

e Incremental risks above background; and
o The ability to distinguish from background

Due to these potential future uses of the data, guidance
contained in the NUREG 1575, Multi-Agency
Radiation Site Survey and Investigation Manual
(MARSSIM) and NUREG 1505, A Nonparametric
Statistical Methodology for the Design and Analysis of
Final Status Decommissioning Surveys, will be used to
plan the survey.

Gross gamma count rate survey measurements

e Gross gamma count rate surface survey of each
radiological reference areas.

o Integrated gross count rate survey at each surface
soil sample location.

e Gross gamma count rate subsurface borehole
survey of each borehole.

A custom gamma detection system will be designed
and constructed for the gross gamma count rate surface
survey.

An appropriate size sodium iodide scintillator detector
will be used to conduct the borehole survey.




Table 1.5 (continued)
Decision Inputs for Determination of SSFL. RBRA Data Sets

Information Needed

Information Source

Surface soil samples and analytical results

50 surface soil samples will be collected from O to an
approximate 6 inch depth at each of RBRAs (one Santa
Susana Formation RBRA and two Chatsworth
Formation RBRAs). The samples will be collected on
a grid designed in accordance with MARSSIM for a
Class 1 survey unit.

Field duplicates will be collected at a rate of 10%.

MS/MSDs, where applicable to analytical methods,
will be analyzed by the laboratory at a rate of 5%.

The laboratory will process the entire sample,
reserving half for analysis and transferring the other
half to the EPA for archiving for contingency.
Sufficient mass will be collected to ensure that the full
suite of analyses can be performed on both processed
fractions.

Analytical results should be adequate to describe the
95% upper confidence level concentration of each
radionuclide of potential concern in soil.

Subsurface soil samples and analytical results

20 boreholes from each formation will be completed to
a depth not to exceed 10 feet or refusal at each of the
geological formations.

1 subsurface soil sample will be collected from each
borehole.  This sample will consist of aliquots
collected from 3 to 10 ft bgs or from 3 ft bgs to
bedrock (if less than 10 ft bgs).

Field duplicates will be collected at a rate of 10%.

MS/MSDs, where applicable to analytical methods,
will be analyzed by the laboratory at a rate of 5%.

The laboratory will process the entire sample,
reserving half for analysis and transferring the other
half to the EPA for archiving for contingency.
Sufficient mass will be collected to ensure that the full
suite of analyses can be performed on both processed
fractions.

Analytical results should be adequate to describe the
95% upper confidence level concentration of each
radionuclide of potential concern in soil.




Table 1.6
General Duplicate Quality Control Decision Rules

Parameter/Item of

Interest e BTSN

Calculate the Z-Score as follows:

[1-D|
7 =
JTPUZ +TPU?
Where:

Radionuclide analysis result is
available for both the parent soil Z = Z-Score

sample and the duplicate QC ) )
sample. I, D = value of (Initial and (D)uplicate/split

measurement/analysis; and,
Z-Score for Radionuclide
Analysis Result TPU = reported total propagated error
associated with (I) and (D)
measurement/analysis; field duplicate
evaluations will factor in a required level of
uncertainty of 10%.

Qualify results in accordance with Table

Z-Score is greater than 1.96. 114,

Qualify results in accordance with Table
1.14. Investigate sample results AND
consider potential bias/error in sample and
exclusion of data from sample data set.

Z-Score is greater than 2.58.
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Table 1.7
Individual Radionuclide Decision Rules for Determination of SSFL RBRA Data Sets

Parameter/Item of
Interest

Investigation
Level

IF

THEN

Sample Population
Distribution

Sample distribution is
NOT a Normal
Distribution.

Deviation from
Normal Distribution
identified

Apply alternative
distribution evaluation”

Data Outliers

Identification of data
Outliers

Outliers are identified

Exclude outlier data

Useful Sample Size (less Characterize data sets NA® NA
excluded data)

Mean () Characterize data sets NA NA
Median (M) Characterize data sets NA NA
Standard Deviation Characterize data sets NA NA
Standard Error Characterize data sets NA NA
Background Threshold Value | Characterize data sets NA NA
(BTV)

95% Upper Confidence Characterize data sets NA NA
Level

95% Upper Tolerance Limit | Characterize data sets NA NA
Maximum Characterize data sets NA NA
Minimum Characterize data sets NA NA
25" Percentile Characterize data sets NA NA
75™ Percentile Characterize data sets NA NA
Skewness Characterize data sets NA NA
Kurtosis Characterize data sets NA NA

() The statistical approach in Appendix A identifies limitations on the usability of evaluating data sets as log-normal distributions; tests will be

applied to data sets that do not show normal distribution to determine if data sets show a gamma distribution.
@ NA refers to the applicability of an IF and THEN statement.
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Table 1.8

Combination of Individual Radionuclide Data Sets Decision Rules for Determination of
SSFL RBRA Data Sets

Parameters/Item of
Interest

IF

THEN

Physical, chemical,
geological, and biological
characteristics of the
sampled media should be
similar

Characteristics are reasonably
similar

Proceed with comparison of data sets
evaluation; else, do not compare data sets.

Equivalence of sample
variances and
means/medians in RBRA
and DTL data sets (sample
taken from same
population)

Determine the distribution
characteristics of the RBRA and
DTL data sets

Perform statistical comparisons of the data
sets appropriate for the distribution
characteristics in accordance with Appendix
A.

Data set combination

Data sets are determined to be
comparable

Combine data sets under consideration and
provide description/summary statistics; else,
do not combine data sets for purposes of this
study.
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Radionuclides Used to Determine RBRA Background Concentrations

Table 1.9

A
Symbol | Radionuclide Pace Confirmed Half-Life | Units | Ag PRG (pCi/g) | | or D€ PRG
Method (pCi/g)
Met?
Alpha Spectroscopy

Am-241 americium-241 HASL Am-05 modified 432.6 Years 0.0132 0.05 No
Am-243 americium-243 HASL Am-05 modified 7,370 Years 0.0111 (+D) 0.05 No
Cm-243 curium-243 HASL Am-05 modified 29.1 Years 0.127 0.127 Yes
Cm-244 curium-244 HASL Am-05 modified 18.1 Years 0.304 TBD TBD
Cm-245 curium-245 HASL Am-05 modified 8,500 Years 0.0922 0.0922 Yes
Cm-246 curium-246 HASL Am-05 modified 4,760 Years 0.129 0.0922 Yes
Cm-248 curium-248 HASL Am-05 modified 348,000 Years 0.00143 TBD TBD
Np-237 neptunium-237 HASL Pu-11-RC Modified | 2.144E+06 Years 0.000448 (+D) 0.0111 No
Po-210 polonium-210 HASL Po-02-RC Modified 138.376 Days 19.4 2.0 Yes
Pu-236 plutonium-236 HASL Pu-11-RC Modified 2.585 Years 0.104 0.104 Yes
Pu-238 plutonium-238 HASL Pu-11-RC Modified 87.7 Years 0.00731 0.00731 Yes
Pu-239 plutonium-239 HASL Pu-11-RC Modified 24,110 Years 0.00609 0.00609 Yes
Pu-240 plutonium-240 HASL Pu-11-RC Modified 6,563 Years 0.0061 0.00609 Yes
Pu-242 plutonium-242 HASL Pu-11-RC Modified 375,000 Years 0.00642 0.0064 Yes
Pu-244 plutonium-244 HASL Pu-11-RC Modified 8.00E+07 Years 0.00506 (+D) TBD TBD
Th-228 thorium-228 HASL Th-01-RC Modified 1.9116 Years 0.0338 (+D) 0.04 No
Th-229 thorium-229 HASL Th-01-RC Modified 7,880 Years 0.00171 (+D) 0.05 No
Th-230 thorium-230 HASL Th-01-RC Modified 75,400 Years 0.0105 0.05 No
Th-232 thorium-232 HASL Th-01-RC Modified | 1.405E+10 Years 0.00942 0.04 No
U-232 uranium-232 HASL U-02-RC Modified 68.9 Years 0.00059 0.33 No
U-233 uranium-233 HASL U-02-RC Modified 1.592E+05 Years 0.00184 0.33 No
U-234 uranium-234 HASL U-02-RC Modified 245,500 Years 0.00187 0.04 No
U-235 uranium-235 HASL U-02-RC Modified | 7.040E+08 Years 0.00181 (+D) 0.04 No
U-236 uranium-236 HASL U-02-RC Modified | 2.3420E+07 Years 0.00198 0.05 No
U-238 uranium-238 HASL U-02-RC Modified 4.468E+09 Years 0.00147 (+D) 0.04 No
U-240 uranium-240 HASL U-02-RC Modified 14.1 Hours 298 TBD TBD




Radionuclides Used to Determine RBRA Background Concentrations

Table 1.9 (continued)

A
Symbol | Radionuclide 003 (T s Half-Life | Units | AgPRG (pCi/g) | TASIMDC PRgG
Method (pCi/g)
Met?
Gas Flow Proportional Counting

Bi-210 bismuth-210 Eichrom OTS01 Modified 5.012 Days 1340 0.2 Yes
Pb-210 lead-210+D Eichrom OTSO01 Modified 22.20 Years 0.0000642 (+D) 0.2 No
Sr-90 strontium-90 Eichrom SRWO01 Modified 28.8 Years 0.00139 (+D) 0.03 No
Y-90 yttrium-90 Eichrom SRWO01 Modified 64.053 Hours 9630 0.03 Yes

Gamma Spectroscopy

Ac-227 actinium-227 EPA 901.1M 21.772 Years 0.0831 (+D) 0.0831 Yes
Ac-228 actinium-228 EPA 901.1M 6.15 Hours 731 0.5 Yes
Ag-108 silver-108 EPA 901.1M 2.37 Minutes 6010000 TBD TBD
Ag-108m silver 108m EPA 901.1M 418 Years 0.00629 0.01 No
Ba-133 barium-133 EPA 901.1M 10.5 Years 0.161 0.161 Yes
Ba-137m barium-137m EPA 901.1M 2.552 Minutes 178000 0.0012 Yes
Bi-212 bismuth-212 EPA 901.1M 60.55 Minutes 22400 0.5 Yes
Bi-214 bismuth-214 EPA 901.1M 19.9 Minutes 8190 0.5 Yes
Cd-113m cadmium-113m EPA 901.1M 14.1 Years 0.00526 TBD TBD
Cf-249 californium-249 EPA 901.1M 351 Years 0.0613 0.0613 Yes
Co-60 cobalt-60 EPA 901.1M 5.275 Years 0.000901 0.000901 Yes
Cm-245 curium-245 EPA 901.1M 8,500 Years 0.0922 0.0922 Yes
Cm-246 curium-246 EPA 901.1M 4,760 Years 0.129 0.0922 Yes
Cs-134 cesium-134 EPA 901.1M 2.0652 Years 0.00747 0.0075 Yes
Cs-137 cesium-137 EPA 901.1M 30.08 Years 0.0012 (+D) 0.0012 Yes
Eu-152 europium-152 EPA 901.1M 13.537 Years 0.0376 0.0376 Yes
Eu-154 europium-154 EPA 901.1M 8.593 Years 0.0472 0.0472 Yes
Eu-155 europium-155 EPA 901.1M 4.753 Years 3.74 1.0 Yes
Ho-166m holmium-166m EPA 901.1M 1,230 Years 0.011 0.011 Yes
1-129 iodine-129 EPA 902.0M, 901.1M 1.57E+07 Years 0.0000276 1.0 No
K-40 potassium-40 EPA 901.1M 1.248E+09 Years 0.0445 0.0445 Yes
Na-22 sodium-22 EPA 901.1M 2.6027 Years 0.0852 0.0852 Yes




Table 1.9 (continued)
Radionuclides Used to Determine RBRA Background Concentrations

A
Symbol | Radionuclide 003 (T s Half-Life | Units | AgPRG (pCi/g) | TASIMDC PRgG
Method (pCi/g) Met?
Nb-94 niobium-94 EPA 901.1M 2.03E+04 Years 0.0115 0.0115 Yes
Np-236 neptunium-236 EPA 901.1M 1.53E+05 Years 0.00281 0.333 No
Np-239 neptunium-239 EPA 901.1M 2.356 Days 22.6 20 Yes
Pa-231 protactinium-231 EPA 901.1M 32,760 Years 0.21 0.21 Yes
Pb-212 lead-212 EPA 901.1M 10.64 Days 80 0.5 Yes
Pb-214 lead-214 EPA 901.1M 26.8 Minutes 34900 0.5 Yes
Ra-226 radium-226 EPA 901.1M 1,600 Years 0.000632 (+D) 0.01 No
Ra-228 radium-228 EPA 901.1M 5.75 Years 0.00116 (+D) 0.01 No
Rn-220 radon-220 EPA 901.1M 55.6 Seconds 774000000 0.5 Yes
Rn-222 radon-222 EPA 901.1M 3.8235 Days 127000 (+D) 0.5 Yes
Sb-125 antimony-125 EPA 901.1M 2.7586 Years 0.46 (+D) 0.46 Yes
Sn-126 tin-126 EPA 901.1M 2.30E+05 Years 0.711 0.711 Yes
Te-125m tellurium-125m EPA 901.1M 57.40 Days 32 TBD TBD
Th-231 thorium-231 EPA 901.1M 25.52 Hours 3310 100 Yes
Th-234 thorium-234 EPA 901.1M 24.1 Days 15.3 1.0 Yes
TI1-208 thallium-208 EPA 901.1M 3.053 Minutes 22600 0.5 Yes
Tm-171 thulium-171 EPA 901.1M 1.92 Years 1250 TBD TBD
Liquid Scintillation
C-14 carbon-14 RJ Harvey Inst. Method 5,700 Years 0.0000563 10 No
Fe-55 iron-55 HASL Fe-01-RC Modified 2.737 Years 0.821 10 No
tritium
H-3 (hydrogen-3), RJ Harvey Inst. Method 12.32 Years 0.16 0.16 Yes
organic
Ni-59 nickel-59 DOE RESL Ni-1M 76,000 Years 2.15 2.15 Yes
Ni-63 nickel-63 DOE RESL Ni-1M 100.1 Years 1.01 1.01 Yes
Pu-241 plutonium-241 HASL Pu-11-RC Modified 14.290 Years 1.05 1.05 Yes
Tc-99 technetium-99 Eichrom TCSO01 Modified 211,100 Years 0.00557 0.1 No




Radionuclides Used to Determine RBRA Background Concentrations

Table 1.9 (continued)

A
Symbol | Radionuclide Pace Confirmed Half-Life | Units | Ag PRG (pCi/g) | | or D€ PRG
Method (pCi/g)
Met?
Removed from Program
Be-10 beryllium-10 No method available 1.51E+06 Years 11.6 Removed
Cd-113 cadmium-113 No method available 7.7TE+15 Years 0.0028 Removed
Cs-135 cesium-135 No method available 2.3E+06 Years 0.00509 Removed
Gd-152 gadolinium-152 No method available 1.08E+14 Years 4.8 Removed
In-115 indium-115 No method available 441E+14 Years 4.14 Removed
Mo-93 molybdenum-93 No method available 4000 Years 1.05 Removed
Nb-93m niobium-93m No method available 16.13 Years 137 Removed
Pb-205 lead-205 No method available 1.73E+07 Years 0.153 Removed
Pd-107 palladium-107 No method available 6.50E+06 Years 24 Removed
Sm-146 samarium-146 No method available 1.03E+08 Years 3.57 Removed
Sm-147 samarium-147 No method available 1.06E+11 Years 3.93 Removed
Sm-151 samarium-151 No method available 90 Years 242 Removed
Sn-121 tin-121 No method available 27.03 Hours 613000 Removed
Sn-121m tin-121m No method available 43.9 Years 41.4 Removed
Zr-93 zirconium-93 No method available 1.53E+06 Years 200 Removed
To Be Determined

Cl-36 chlorine-36 TBD 3.01E+05 Years 0.0102 TBD TBD

Pm-147 promethium-147 TBD 2.6234 Years 669 TBD TBD

Se-79 selenium-79 TBD 2.95E+05 Years 0.132 TBD TBD

Ag = Agricultural

(+D) = PRG calculated for target isotope plus additional daughters

PASI = Pace Analytical Services, Inc.

MDC = minimum detectable concentration

pCi/g = picocuries per gram

PRG = Preliminary Remediation Goal

TBD = To Be Determined

) Radionuclides determined by gamma spectroscopy will be reported with an applicable MDC. However, additional radionuclides will be reported if detected and identified with or without an
applicable MDC.



Table 1.10

Decision Inputs for Determination of Potential Impact to RBRAs

Information Needed

Information Source

Identification of 40 suitable DTLs

DTLs were selected based on the following criteria:

e Distance from SSFL is greater than 10 miles;

e Evenly distributed areas in all directions surrounding SSFL (10
in each compass quadrant);

e No obvious industrial facility with radioactive materials nearby;

o Long-term average precipitation is similar to the SSFL (within
10%);

o Access is obtainable;

¢ No indication of human activities;

¢ Minimal evidence of animal disturbance;

e Minimal evidence of erosion; and

e Minimally shielded by heavy vegetation.

Identification of suitable RBRAs

RBRAs were selected based on the following criteria:

¢ Distance from SSFL;

o Site elevation;

o Size of area;

e Direction from SSFL;

e Chatsworth or Santa Susana formation;

e Access is obtainable;

« Site be easily cleared for grid spacing, surveying, and sampling;
Physically accessible to get equipment to area;
Minimally shielded by surrounding mountains;
Minimally shielded by heavy vegetation;

No indication of human activities;

Sufficient depth of soil;

Minimal evidence of animal disturbance;

Minimal presence of protected animal or plants; and
Minimal evidence of erosion.

Identification of Study Radionuclides

Criteria for selection of radionuclides:
¢ Fallout constituent;
o Not naturally occurring;
o Half-life greater than 1 year; and
e MDA requirement is achievable.

Gross gamma count rate survey measurements
to determine the homogeneity of each DTL
sampling location.

Gross gamma count rate surface soil survey of each DTL sampling
location.

A 3-inch x 3-inch sodium iodide gamma scintillation detector will be
used for the gross count rate survey.

Surface soil samples and analytical results.

One surface soil sample will be collected from O to an approximate
6 inch depth at each of 24 DTLs; 20 of the 24 samples will be
submitted for analysis and 4 of will be reserved (see Section
1.5.5.7.1 for further details).

Analytical results should be adequate to describe the range of
concentration of regional background radioactivity in the surface
soil.
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Table 1.11

Individual Radionuclide Data Set Decision Rules for Determination
of Potential Impact to Radiological Background Reference Areas

Parameter/Item of
Interest

Investigation Level

IF

THEN

Sample Population
Distribution

Sample distribution is NOT
a Normal Distribution

Deviation from
Normal
Distribution
identified

Test for Log-normality®

Sample distribution is NOT
a Log-normal distribution

Deviation from
Log-normal
distribution
identified

Identify distribution as
non-parametric

Data Outliers

Identification of data outliers

Outliers are

Exclude outlier data

identified
Useful Sample Size (less o "
excluded data) NA NA NA
RBRA mean is Investigate (perform

RBRA data set is within
DTL concentration range (as

greater than DTL
mean

statistical test per Table
1.13) AND adequately

explain
Mean (u) appropriate for normal P
distribution) An adequate Review sampling design
explanation is and determine next steps
NOT possible with stakeholders
Sample median is Invc.ast'lgalte (perform |
o reater than statistical test per Table
RBRA data set is within fegional e dian 1.13) AND adequately
Median (M) DTL concentration range (as explain

appropriate for normal
distribution)

An adequate
explanation is

Review sampling design
and determine next steps

NOT possible with stakeholders
Means:
Sufficiently large difference | p1 — p2 > S Sample populations
Substantial Difference (S) in sample means or medians means/medians are
to warrant additional interest | Medians: substantially different
Mi —M:>S

Minimum Detectable
Difference (MDD) [MMD

U

Smallest resolvable
difference in means/medians

w — w2 < MDD

Statistical test is not

A of MARSSIM - width of that statistical test can ﬁbg M < conclusive
gray region] resolve

Standard Error NA NA® NA®
Background Threshold Value NA NA® NA®

(BTV)




Table 1.11 (continued)
Individual Radionuclide Data Set Decision Rules for Determination
of Potential Impact to Radiological Background Reference Areas

el e Investigation Level IF THEN
Interest
95% Upper Confidence Level NA NA® NA®
Maximum NA NA® NA®
Minimum NA NA® NA®
25" Percentile NA NA® NA®
75" Percentile NA NA® NA®
Skewness NA NA® NA®
Kurtosis NA NA® NA®

() The statistical approach in Appendix A identifies limitations on the usability of evaluating data sets as log-normal distributions; tests will be
applied to data sets that do not show normal distribution to determine if data sets show a gamma distribution.
@ NA refers to the applicability of an IF and THEN statement.



Table 1.12

Data Set Decision Rules for Determination
of Potential Impact to Radiological Background Reference Areas

Parameter/Item of
Interest

IF

THEN

Physical, chemical,
geological, and biological
characteristics of the
sampled media should be
similar

Characteristics are reasonably
similar

Proceed with comparison of data sets
evaluation. OTHERWISE, do not compare
data sets.

Equivalence of Sample
Variances and
Means/Medians in RBRA
and DTL Data Sets

Determine the distribution
characteristics of the RBRA and
DTL data sets

Perform statistical comparisons of the data
sets appropriate for the distribution
characteristics in accordance with Appendix
A.

Comparison of the
RBRA mean to the DTL
range (minimum to
maximum)

The RBRA mean falls within the
DTL range

The RBRA is considered non-impacted.
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Table 1.13

Radionuclides Used to Determine Potential Impact on Radiological Background Reference Areas

Radionuclide Method Half-life (years) Best MDA (pCi/g) Agric:‘;tc“i‘;g EEG
Cobalt-60 (Co®) Gamma spectroscopy 5.27 0.000901 0.000901
Strontium-90 (Sr*°) Leach and beta counting 28.8 0.00139 0.00139
Cesium-137 (Cs"") Gamma spectroscopy 30.1 0.0012 0.0012 @
Plutonium-238 (Pu®*®) Alpha spectroscopy 87.7 0.00731 0.00731
Plutonium-239 (Pu®*®) Alpha spectroscopy 24,110 0.00609 0.00609
Plutonium-240 (Pu**®) Alpha spectroscopy 6,563 0.00609 0.0061

@ The PRG listed for “Cs-137 and daughters” is presented in this table.
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Table 1.14
General Laboratory Quality Control Procedures for Radiological Methods

QC Check

Minimum Frequency

Acceptance Criteria

Corrective Action

Validator Qualification Criteria @

Initial calibration

Initial calibration prior to
sample analysis.

Method-specific criteria
presented in MARLAP
Section 18.5.6.

Bring system back under
control; recalibrate as
required by analytical method
and instrument manufacturer
instructions.

Validator judgment; J or R for detected results
and UJ or R for non-detected results.

Background At the method-specific Method-specific criteria | Bring system back under Validator judgment; J or R for detected results
frequency presented in presented in MARLAP | control; recalibrate as and UJ or R for non-detected results.
MARLAP Section 18.5.6. Section 18.5.6. required by analytical method
and instrument manufacturer
instructions.
Continuing At the method-specific Within +3 ¢ or 3% of Recount; if still out of Validator judgment; J or R for detected results
calibration frequency presented in the expected value of tolerance, correct problem and UJ or R for non-detected results.
verification MARLAP Section 18.5.6; the control chart (as and then repeat initial

at minimum, daily prior to
sample analysis.

required by method).

calibration. If in control,
recount again. If in control a
second time, proceed with
analysis, otherwise, treat as a
failure.




Table 1.14 (continued)
General Laboratory Quality Control Procedures for Radiological Methods

QC Check Minimum Frequency Acceptance Criteria Corrective Action Validator Qualification Criteria
LCS for all One per preparation batch Z between —1.96 and Correct problem then For all affected analytes in associated samples:
analytes +1.96 reanalyze the LCS; if the LCS | If Z > 1.96, qualify affected detected results

OR

%R within recovery
acceptance limits.

is still out of tolerance, re-
prepare and reanalyze the
LCS and all samples in the
affected batch.

K.

If Z > 2.58, examine other QC elements to
determine if detected results require
qualification of R

IfZ < —1.96, qualify detected results L and
non-detected results UL.

If Z < —2.58, examine other QC elements to
determine if detected results require
qualification of R; qualify non-detected results
R.

OR

If %R > UCL, quality affected detected
results K.

If %R < LCL, qualify detected results L. and
non-detected results UL.

If %R < LCL by more than 20 percentage
points, qualify detected results L and non-
detected results R.

LCSD for all
analytes

At laboratory’s discretion,
one per preparation batch

Same as LCS, plus
LCS/LCSD precision
meeting laboratory
acceptance criteria.

Same as LCS.

Same as LCS.
If LCS/LCSD precision criteria not met,
qualify affected detected results K.




Table 1.14 (continued)
General Laboratory Quality Control Procedures for Radiological Methods

QC Check Minimum Frequency Acceptance Criteria Corrective Action Validator Qualification Criteria
Laboratory One per preparation batch |Z| < 1.96 Correct problem then For all affected analytes in associated samples:
duplicate reanalyze the laboratory If |Z| >1.96, qualify detected results J and

duplicate; if the laboratory
duplicate is still out of
tolerance, re-prepare and
reanalyze the laboratory
duplicate and all samples in
the affected batch.

non-detected results UJ.

If |Z| >2.58, examine other QC elements to
determine if results require qualification of R.

[Note, qualification criteria also apply to field
duplicate results; see Table 1.7]




Table 1.14 (continued)
General Laboratory Quality Control Procedures for Radiological Methods

QC Check

Minimum Frequency

Acceptance Criteria

Corrective Action

Validator Qualification Criteria @

MS/MSD

One per preparation batch

Z between —1.96 and
+1.96

OR

%R within recovery
acceptance limits.

Correct problem then
reanalyze the MS/MMSD; if
still out of tolerance, re-
prepare and reanalyze the
MS/MSD and all samples in
the affected batch.

For all affected analytes in associated samples
with similar matrix properties:

If Z > 1.96, qualify affected detected results
K.

If Z > 2.58, examine other QC elements to
determine if detected results require
qualification of R.

IfZ < —1.96, qualify detected results L and
non-detected results UL.

If Z < —2.58, examine other QC elements to
determine if detected results require
qualification of R; qualify non-detected results
R.

OR

If %R > UCL, qualify affected detected
results K.

If %R < LCL, qualify detected results L and
non-detected results UL.

If %R < LCL by more than 20 percentage
points, qualify detected results L and non-
detected results R.

In both cases, MS/MSD precision criteria not
met, qualify affected detected results K.




Table 1.14 (continued)
General Laboratory Quality Control Procedures for Radiological Methods

QC Check

Minimum Frequency

Acceptance Criteria

Corrective Action

Validator Qualification Criteria @

Method blank

One per preparation batch

Positive blank results:
Zolank < 2.58

[Zblank =
concentration/TPU]

Calculate Zper for each
affected analyte in each
associated sample. If Zper <
2.58, correct problem then re-
prepare and reanalyze the
method blank and all
associated samples with
affected analyte detections.

For affected analytes in associated samples:
If Zoer > 2.58, no qualification required.
If Zoer < 2.58, qualify affected detected
results K.

If Zoer < 1.96, qualify affected detected
results B.

Negative blank results:
| Zotank | < 2.58

Calculate Zper for each
affected analyte in each
associated sample. If Zper <
2.58, correct problem then re-
prepare and reanalyze the
method blank and all
associated samples with
affected analyte detections.

For affected analytes in associated samples:

If Zoer > 2.58, no qualification required.

If Zoer < 2.58, qualify affected detected
results L and affected non-detected results UL.
If Zoer < 1.96, qualify affected detected
results L and affected non-detected results R.

Chemical yield

Each sample, as required
by individual analytical
methods

Chemical yield within
laboratory control limits
(as established by
control charts), but not
less than 40% for
methods that employ a
stable carrier or 20%
for methods that employ
a radioactive tracer
(provided that the 1S
counting uncertainty
does not exceed 5%
(400 counts).

Examine system and evaluate
whether it is in control;
correct any system problems
and reanalyze affected
samples.

For affected analytes in each sample:

If the yield is above the upper limit, qualify
detected results L and non-detected results

UL.

If the yield is below the lower limit, qualify
detected results K.

If the yield is grossly above or below the
control range, evaluate the data to determine if
affected results require qualification of R.




Table 1.14 (continued)
General Laboratory Quality Control Procedures for Radiological Methods

QC Check Minimum Frequency Acceptance Criteria Corrective Action Validator Qualification Criteria

1S counting uncertainty | Examine system and evaluate | lo CU in radioactive tracer <5%, Validator

< 5% (400 counts) for | whether it is in control; Qualification Criteria:

radioactive tracers. correct any system problems If the result is greater than the 2o total
and reanalyze affected propagated uncertainty, qualify J.
samples. If the result is less than the 2c total propagated

uncertainty, qualify UJ.

Analyte NA None None If a result is reported greater than 2S total
quantitation propagated uncertainty but less than the MDA,
consider the result detected, qualify J;

if a result is reported less than 2S total
propagated uncertainty, qualify U.

Negative results None No analytes with Reanalyze sample, evaluate For affected analytes in each sample:
absolute value of system for negative drift or If the absolute value is between the 2S and 3S
negative result greater problems with background total propagated uncertainty, UL.
than 28 counting error. | correction. If the absolute value is greater than 3S total

propagated uncertainty, qualify R.

) When more than one qualifier is applicable to a sample result, the priority of qualifiers for detected results is: X > R > B > J > K or L >no qualifier; a
result with both a K and L applied will have a final qualifier of J; the priority of qualifiers for results considered non-detected is: X > R > UJ > UL > U.

Note: LCSs will be processed and counted to yield the same target MDCs as in associated environmental samples in order to minimize uncertainty in these QC
samples and provide appropriately rigorous control.



Table 1.15
Definitions of Data Validation Qualifiers

QUALIFIER

DEFINITION

No qualifier

Confirmed identification. The analyte was positively identified at the reported value. The
reported concentration is within the calibrated range of the instrument and the result is not
affected by any deficiencies in the associated QC criteria.

B Analyte present, but not detected substantially above the level reported in laboratory or field
blanks.
J The analyte was detected at the reported concentration; the quantitation is an estimate.
K Analyte present. Reported value may be biased high. Actual value is expected to be lower.
L Analyte present. Reported value may be biased low. Actual value is expected to be higher.
R The result is rejected due to serious deficiencies in the ability to analyze the sample and meet
QC criteria.
U Not considered detected. The associated number is the reported concentration.
uJ Not considered detected. The associated number is the reported concentration, which may be
inaccurate.
UL Not considered detected. The associated number is the reported concentration, which may be
inaccurate due to a low bias.
X Excluded. The data point is associated with reanalyses or diluted analyses and is excluded

because another result has been selected as the definitive result for the analyte.
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Summary of Sample Containers, Preservation Techniques,

Table 2.1

Sample Volumes, and Holding Time Requirements

Minimum

Parameters (water

Q0

containers

Analyte Group Container . Preservative Holding Time
Sample Size

C-14, H-3, C1-36,

I-129, and Tc-99 4 oz jar 40z W None None

(soil)

Other radiological 2x1 gal freezer a

Parameters (soil) bags (half filled) 2L None None

C-14, H-3, CI-36,

1-129, and Tc-99 1x1 L glass bottle 1L None None

(water QC)

Other

Radiological 2x1 L plastic L HNOs to pH <2 @ None

M The soil sample size provided is sufficient to process a single sample for all analyses; generally, an additional aliquot of equal size must be

collected for each archive sample associated with the original sample.
@ Sample pH will be checked in the field to ensure readings are below 2 prior to shipment.
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Table 2.2
Sample Handling System

Sample Collection, Packaging, and Shipment

Sample Collection (Personnel/Organization): Site staff/HGL

Sample Packaging (Personnel/Organization): Site staff/HGL

Coordination of Shipment (Personnel/Organization): Site Supervisor/HGL and Courier Supervisor/Project Laboratories

Type of Shipment/Carrier: Commercial Overnight Delivery Service

Sample Receipt and Analysis

Sample Receipt (Personnel/Organization): Sample Management Staff/Project Laboratories

Sample Custody and Storage (Personnel/Organization): Sample Management Staff/Project Laboratories

Sample Preparation (Personnel/Organization): Sample Preparation Staff; Bench Chemists/Project Laboratories

Sample Determinative Analysis (Personnel/Organization): Bench Chemists/Project Laboratories

Sample Archiving

Field Sample Storage (No. of days from sample collection): Archive volumes of each sample will be retained at the laboratory for two years from
collection.

Sample Extract/Digestate Storage (No. of days from extraction/digestion): For 30 days from report release

Biological Sample Storage (No. of days from sample collection): Not applicable

Sample Disposal

Personnel/Organization: Sample management staff/Project Laboratories

Number of Days from Analysis: 30 from report release; archive volumes 2 years from sample collection
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Table 2.3
Field Equipment Calibration, Maintenance, Testing, and Inspection

q q c c c q . . SOP
Field Calibration | Maintenance | Testing | Inspection Frequenc Acceptance | Corrective | Responsible Referenc
Equipment Activity Activity Activity Activity q Y| Criteria Action Person e
. Source
Daily QC .
Gamma Check; J‘r”itg;n twlfciti;ten Field To Be
Scanning Annual Daily check Daily Daily Check Daily Back roil’n d ren{ove Equipment Determine
System Backgrou 8¢ . Manager d
nd Check within from service
+10%
Ludlum .
Model 44-20 DSEZCE_C +20% of Re-test Field
Detector and | Annual by | oy e Daily | Daily Check |  Dail background | twice, then | po o ene | S0P #35
Model 44-62 | Manufacturer y y y y and source remove quip
) Backgrou . Manager
or 44-2 nd Check check from service
Detector
Daily QC
Ludlum Check; Field
Model 2221 Mﬁ?;itgzer Daily Check Daily | Daily Check |  Daily N lingle N lfi(étable Equipment | SOP #35
Ratemeter Backgrou bp pp Manager

nd Check
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Table 3.1

Planned Project Assessments

Person(s) Person(s) Responsible Person(s)
.. Person(s) . I -
Internal | Organization . Responsible for for Identifying and Responsible for
Assessment . Responsible for . . _
Type Frequency or Performing Performin Responding to Implementing Monitoring
P External | Assessment Assessmen% Assessment Corrective Effectiveness of
Findings Actions (CA) CA
Field Audit Once Internal HGL HGL QA officer HGL Project HGL Field Team Leader | pyp oo Officer
Manager and Project Manager
. . At EPA . EPA Region 9QA TBD (EPA); QA
Field Audit Discretion External | EPA Region 9 Department TBD TBD Officer (HGL)
Technical
Reviews Each Data HGL Technical HGL Project . Technical
(Data Report Internal HGL Reviewer, TBD Manager HGL Project Manager Reviewer
Verification)
Each Subcontracted . Rad1olog1cal‘ Radiological Laboratory Laboratory
Data . Data Data Validator, Laboratory Project .
L Sampling External L Manager or Director or HGL
Validation Event Validation TBD Manager or HGL HGL Proiect Manager Program Manager
Firm, TBD Project Manager ) £ g £
After data
Provisionally validation
. completed HGL Project . . .
Rejected and after Internal HGL Chemist or HGL Region 9 Project HGL Project Manager Techmcal
Data . ' Team Reviewer
statistical QA officer
Summary .
evaluation
completed
Radiological . .
Data Quality Eacl} HGL Project Laboratory Project Radiological Laboratory . Laboratory
Sampling Internal HGL . Manager or Director or HGL
Assessment Event Chemist Manager or HGL

Project Manager

HGL Project Manager

Program Manager
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Table 3.2

Assessment Findings and Corrective Action Responses

. . Individual(s)
Nature of I;T;gi;lal)(:) Nature of Receiving
Assessment Deficiencies Findines Contact Timeframe of Corrective Corrective Contact Timeframe
Type . g Information Notification Action Response | Action Response | Information | for Response
Documentation | (Name, Title, Documentation (Name, Title
Org.) Or’g.) >
Field actions
immediately
5 business implemented,
Field Audit Written audit HGL Project TBD days after Memo HGL QA Officer, TBD 10 business
report Manager audit TBD days to
address other
concerns in
report
Technical HGL Project 5 business HGL Project
Review Memo Manager, TBD davs after Memo Manager, TBD 5 business
(Data HGL Project re yor ¢ receint HGL Project days
Verification) Chemist p p Chemist
HGL Project 15 business HGL Project
Data Manager, Manager, 5 business
Validation Memo HGL Project TBD ?SYSr??eezei " Memo HGL Project TBD days
Chemist p p Chemist
10 business
. days after
Pr%\gl'zgtgzlly Region 9 validation HGL Project 15 business
! Memo & TBD completed and Memo ) TBD
Data WAM . Manager days
after statistical
Summary .
evaluation
completed
. HGL Project Per project HGL Project .
Ifst:egsﬁégz Report section Manager and TBD report Report section Manager and TBD gablésmess
QA Officer schedule QA Officer y
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EXHIBIT 2.1

LABORATORY DATA REPORT REQUIREMENTS



Exhibit 2.1

Laboratory Data Report Requirements

[Bold identifies a critical element for data validation]

1.

Case Narrative

Identify the lab, client, project, samples, and methods used. Summarize the analysis,
including any unusual or notable events or observations, discussion of QA warnings and
excursions, non-conforming events and corrective actions. Include a declaration of
adherence to program specs and LQAP requirements, with appropriate signatures.

Reported Sample Results
2.1. Lab Name
2.2. Lab Sample ID
2.3. Client Sample ID
2.4. Matrix
2.5. Analyte Name
2.6. Reporting Units (e.g., pCi/g)
2.7. Activity
2.8. Uncertainty, w/ confidence interval
2.9. MDC (or CL)
2.10.Yield (if applicable)
2.11.Yield Acceptance Criteria (if applicable)
2.12.Sample Aliquant
2.13. Aliquant Basis (e.g., dry/as received, filtered/unfiltered)
2.14.Preparation Batch ID
2.15. Analysis Batch ID
2.16. Analysis Date & Time
2.17.Raw Date File Name (if applicable)
2.18.Data Qualifying Flags
2.19.Report Date/Time
QC Sample Results — same elements as above and:
3.1.LCS
3.1.1. Spiking Standard Solution ID
3.1.2. Spike Volume



3.1.3. Spike Activity Added, with reference date
3.1.4. Spike Recovery
3.1.5. Spike Recovery Acceptance Criteria
3.2.Matrix Spikes (as applicable to methods)
3.2.1. Native Sample ID
3.2.2. Sample (Native) Activity Concentration
3.2.3. Spiking Solution ID
3.2.4. Spike Volume
3.2.5. Spike Activity Added, with reference date
3.2.6. Spike Recovery
3.2.7. Spike Recovery Acceptance Criteria
3.3. Blanks
3.3.1. Requested MDC
3.3.2. Blank Acceptance Criteria
3.4. Duplicates
3.4.1. Native Sample ID
3.4.2. Sample Results (incl. activity, uncertainty, MDC)
3.4.3. Duplicate Results (incl. activity, uncertainty, MDC)
3.4.4. Duplicate Test Results (e.g., DER,NAD,RPD)
3.4.5. Duplicate Acceptance Criteria
. Sample Gross Preparation Documentation
4.1.Drying Logs
4.2.0ven Temperature Logs
4.3. Grinding Logs
4.4.1If appropriate, specify equipment ID, etc
4.5. Analyst ID

4.6.If QC, such as equipment blanks are required for grinding equipment, identify
the QC samples, include all results as described for QC samples above.

. Method Preparation Bench Sheets
5.1.Batch ID
5.2.Preparation Date and Time

5.3. Separation Dates/Times, if applicable to the method



5.4. Analyst ID

5.5.Method/Lab SOP ID

5.6. Sample IDs

5.7.Sample Aliquants

5.8. Spiking/Tracing Solution IDs, volumes
5.9. Pipette and Balance IDs

. Pipet and Balance Calibration/Verification Logs (for all pipettes and balances used for
critical measurements such as sample aliquants and spiking solutions)

6.1. Pipette / Balance ID

6.2. Pipette Setting (for adjustable pipettes)
6.3. Expected (Nominal) Value

6.4. Observed Value

6.5. Acceptance Criteria

6.6. Analyst ID

. Instrument Raw Data

7.1. Filename
7.2. Instrument ID
7.3. Detector ID (for multiple detector systems)
7.4. Sample ID
7.5.Sample Gross Count Rate (or gross counts acquired)
7.6. Analysis Date and Time (specify count start or count end)
7.7. Count Duration
7.8. Copy of Run Log (must correlate Sample ID, Ct Date & Time, Detector ID)
7.9. As applicable,
7.9.1. Detector operating voltage
7.9.2. Window Settings/Regions of Interest/Analysis Range
7.10.For gamma spec
7.10.1. Compton bkg count rate
7.10.2. Peak background count rate

. Instrument Calibration (Include all raw data from the calibration, as described above,

as well as the following)

8.1. Instrument Operating Voltage Determinations (Plateaus), if applicable



8.2. Instrument ROI/Discriminator Setting Determinations, if applicable

8.3. Background Calibration Count Rate, with Acceptance Criteria

8.4. Efficiency Calibration Coefficients, with Acceptance Criteria

8.5.Energy Calibration Coefficients, if applicable, with Acceptance Criteria

8.6. Peak Resolution Calibration Coefficients, if applicable, with Acceptance Criteria
8.7.Source ID (except for backgrounds)

8.8.For gamma spectrometry, include the analysis library for samples, calibrations,
daily performance checks, and any others used for the project.

9. Instrument Calibration Verification Data (Include all raw data from the calibration
verification, as described above, as well as the following)

9.1. Calculated Results
9.2. Acceptance Criteria
10. Instrument Performance Checks
10.1. Raw data
10.2. Acceptance Criteria

11. Standards Traceability Documentation for all standards used for sample preparation, QC
samples, instrument QC and Instrument Calibration.

11.1. Dilution Logs

11.2. NIST (or equivalent) certificates

11.3. Standard Verification data, incl. acceptance criteria and reports
12. Quality Assurance Reports

12.1. QA Summary Notes/Reports

12.2. Non-Conformance Reports w/ Corrective Action and QA Approval
13. Chain of Custody (CoC)

13.1. Sample Condition Report Form (describing condition of samples upon receipt to
verify that the integrity of the sample containers, preservation, temperature,
hold times, etc. are acceptable).

13.2. External / Field CoC
13.3. Internal CoC (if applicable)

At the lab’s discretion, instrument calibration data and other validation elements that do not
change from one report to the next may be submitted once, as a stand-alone deliverable,
provided that the calibration data package is clearly and uniquely identified and that



subsequent sample data packages clearly reference the corresponding calibration data package
in the case narrative, or other appropriate location.

The project will submit the lab’s data for external validation. At the request of the data
validator, the lab will furnish any additional information necessary to recalculate the
reported results from basic measurement outputs, within 5 days of the initial request.
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Statistical Methods to Address Stakeholders’ Concerns and Statistical Issues
Described in Radiological Background Study Sampling and Analysis Plan for Santa
Susana Field Laboratory

This document describes statistical methods that will be used to address stakeholders’ concerns as
discussed during the April 30, 2009 Radiological Background Study (RBS) meeting held in
Chatsworth, California. A brief description of the robust statistical methods is also included in this
document to address some specific concerns of Mr. Dan Hirsch raised by him during a conference call
held on July 28, 2009. Specifically, this document describes statistical methods which will be used to
analyze and evaluate radiological background reference area (RBRA) data sets (from Santa Susana and
Chatsworth geological formations) and distance test locations (DTLSs) data set collected during the RBS
to be conducted for the Santa Susana Field Laboratory (SSFL) Site. As described in the Sampling and
Analysis Plan (SAP), 20 surface soil samples from the DTLs; and 50 surface soil and 20 subsurface soil
background reference samples will be collected and analyzed from the Santa Susana formation. Two
RBRAs will be used from the Chatsworth formation; and 25 surface soil and 10 subsurface soil
samples will be collected from each of the two RBRAs from the Chatsworth formation, for a total of 50
surface soil and 20 subsurface soil samples. The RBRA and DTL data sets will be used to compare the
concentrations of the radionuclides of concern (RNCs) of the two geological formations with the RNC
concentrations of DTLs.

The representativeness of the RBRA data sets from the Chatsworth formation will be established first.
Specifically, each of the two RBRA data sets from Chatsworth formation will be compared with the
DTL data set separately. The statistical tests as described in Section 1.2 of this document will be used to
perform these comparisons. If the two RBRA data sets from the Chatsworth formation represent non-
impacted radiological background reference area locations (in comparison with the RNC
concentrations of DTLSs), statistical tests will be performed to compare the RNC concentrations of the
two RBRA data sets collected from the Chatsworth formation. If there are significant differences
between the RNC concentrations of the two RBRA data sets, an additional 25 surface and 10
subsurface soil samples will be collected to complete the RBRA data set from the Chatsworth
formation at the acceptable RBRA. Once the RBRA data sets from the two formations have been
validated and established, statistical tests will be used to compare RNC concentrations of the two
formations. Both univariate (one radionuclide at a time) and multivariate (several radionuclides
simultaneously) methods supplemented with formal graphical tests and displays will be used to address
stakeholders concerns and various other statistical issues of the RBS evaluations as described in the
SAP for the SSFL site.

Univariate (analyzing one radionuclide at a time) statistical methods used and described in MARSSIM
(2000) and EPA guidance documents (e.g., EPA 1989, EPA 1992, EPA 2002a, EPA 2002b, and EPA
2006) will be used to address statistical issues of the evaluation studies of the RBS. Additionally,
robust and resistant (to outliers) and formalized graphical methods will be used to effectively address
specific concerns of stakeholders. All statistical analyses for the RBS evaluations as described in the
SAP for the SSFL site will be performed using peer-reviewed EPA software packages (developed by
Lockheed Martin for ORD, NERL- EPA, Las Vegas, NV): Scout 2008, Version 1.00.01 and ProUCL
4.00.04. These beta tested and peer-reviewed software packages are equipped with most of the
statistical methods as described in MARSSIM and other EPA guidance documents listed above. These



software packages offer classical, robust and resistant, and graphical methods to analyze univariate and
multivariate (e.g., analyzing multiple radionuclides simultaneously) data sets with and without the
nondetect (ND) or below detection limit (BDL) observations. Specifically, univariate two sample
parametric t-test, nonparametric Wilcoxon Rank Sum (WRS) or Wilcoxon Mann-Whitney (WMW)
test, Quantile test, and Gehan test will be used to compare: RNC concentrations of the two RBRA data
sets, and RNC concentrations of RBRA (individually or combined) data sets with the DTL data set.
Furthermore, since many contaminants will be analyzed and compared, it is also planned to use
multivariate methods to compare concentrations of the multiple radionuclides of the two RBRAS; and
of RBRAs (individually or merged) and DTLSs.

For verification of results and conclusions, more than one statistical method may be used on the same
data set. Most statistical methods and tests will be supplemented with formalized graphical displays.
Graphical displays provide added insight (e.g., presence of outliers, data distributions and patterns,
mixture populations, visual comparison of two or more groups) into data sets that is not possible to
visualize and understand simply by reviewing the estimates and test statistics such as Dixon and Rosner
outlier test statistics, upper confidence limits (UCLs), upper tolerance limits (UTLs), upper prediction
limit (UPL), t-test and WRS test statistics. Hypotheses testing approaches will be used to compare
RBRA and DTL concentrations; upper percentiles, UPLs and/or UTLs will be used to establish
background level contaminant concentrations also known as background threshold values (BTVs) or
trigger values. Additionally, in order to address stakeholders’ concerns, formalized classical and robust
graphical displays will be used to compare on-site observations (single, multiple, or entire data set)
with the entire RBRA data set (as a comparison to comparing on-site observations with robust upper
limits such as upper percentiles, UTLS).

Outliers (if any) will be identified in the original raw scale (non-transformed data set) as the
remediation and cleanup decisions need to be made using data and statistics (e.g., averages, prediction
limits) in the original scale. Often, the use of a log-transformation tends to hide contamination by
accommodating outlying observations (e.g., Singh, Singh, and Engelhardt, 1997, Chapter 7, ProUCL
4.00.04 Tech Guide) as part of the data set. For an example, an outlier in the raw scale may not be an
outlier in the transformed space (e.g., log-scale). This does not imply that the outlier (e.g., an elevated
RBRA concentration in the original scale) identified in the original scale represents a clean unimpacted
location and can be included in the computation of a BTV, estimated by a UPL/UTL. Furthermore,
since environmental decisions need be made based upon the values of statistics (e.g., UCL, UPL, t-test,
WRS test statistic) in the original scale, all transformed test statistics computed using log-
transformation need to be back-transformed in the original scale. The transformation and back-
transformation process yields statistics which suffer from an unknown amount of transformation bias.
It is also well known (Singh, Singh, and Engelhardt (1997)) that the use of a lognormal distribution
often yields unrealistic and unstable values of upper limits such as 95% UCL, 95% UPL, 95%-90"
UTLs. Therefore, in order to compute reliable statistics, derive defensible and correct conclusions, the
use of lognormal distribution will be avoided, and all statistical tests including outlier tests, two sample
hypotheses tests, and estimation of BTVs will be performed in the original raw scale. Some drawbacks
and pitfalls of using lognormal distribution are summarized in Appendix D of this document.

Once the data sets become available from RBRAs and DTLs, those data sets will be screened for
potential outliers. Outlying observations will not be included in hypotheses testing and estimation of
the background level radiological concentrations. The presence of even a few (single, a couple) outliers
in a background reference data set can yield distorted/inflated estimates of the BTVs and hypothesis
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testing statistics. The use of those distorted/inflated statistics (e.g., upper prediction limit, t-test
statistic) may yield incorrect and misleading results and conclusions. Robust statistical methods will be
used to identify all potential outliers (e.g., Rousseeuw and van Zomeren (1990); Singh and Nocerino
(1995)). A brief description of outlier identification procedures is given in Appendix B. Scout 2008
Version 1.00.01 software will be used to identify potential outliers present in RBRA and DTL data sets.

Statistically rigorous hypotheses testing and estimation methods (and not simple ad hoc substitution
methods) will be used on data sets consisting of non-detect (ND) and below detection level (BDL)
observations. The details of those methods can be found in ProUCL 4.00.04 Technical Guide (EPA,
2009), Helsel (2005), and Singh, Lee, and Maichle (2006). A brief description of statistical methods to
deal with data sets consisting of nondetects is given in Appendix C.

One main disadvantage of using univariate statistical methods on multivariate data sets is that they do
not take the potential correlation structure existing among the multiple contaminants (e.g., metals,
radionuclides) into account. Moreover, it is hard to control the specified Type | error rate, as an error
rate (e.g., = 0.1) is used for each radionuclide, which results in a cumulative error rate (for all analytes
combined) much different from the specified error rate of 0.1. Due to some of these reasons, it is
always desirable to use multivariate methods (e.g., Johnson and Wichern, 2002) on multivariate
(consisting of multiple correlated radionuclides) data sets. The main drawback of multivariate
statistical methods is that they are relatively complex to use and proper statistical training in
multivariate statistics is required to adequately use them and interpret them. However, the use of
multivariate robust methods often produce more accurate results leading to defensible conclusions by
minimizing error rates (false positives and false negatives) that are protective of human health and the
environment. Whenever applicable and appropriate (and agreed by all concerned parties), it is planned
to use multivariate methods to address stakeholders concerns and statistical issues related to RBS
evaluations. However, it should be pointed out that univariate methods (widely used and commonly
accepted) will be used to address all statistical issues and concerns, and multivariate methods will be
used to supplement and verify the results/conclusions derived using univariate methods.



1.0  Evaluations Based Upon Univariate Methods

Univariate methods that will be used to address stakeholders concerns and to analyze RBRAs and DTL
data sets collected during RBS evaluations are briefly described in this section.

1.1 Goodness-of-Fit Tests to Evaluate Data Distributions

Before using parametric statistical methods on data sets generated during the RBS, normality of data
sets will be assessed using Shapiro-Wilk (S-W) and Lilliefors goodness-of-fit (GOF) tests. Anderson-
Darling and Kolmogorov-Smirnov GOF tests will be used to determine if a data set follows a gamma
distribution, a statistical probability model. A gamma distribution is better (than lognormal
distribution) suited to model positively skewed data sets originating from environmental applications
(Singh, Singh, and laci, 2002). Another advantage of using a gamma distribution is that the gamma
model can be used on the original untransformed data sets. Depending upon the data distribution, the
Gamma distribution may be used to estimate BTVs. All of these GOF tests are available in EPA
software packages: ProUCL 4.00.04 and Scout 2008.

1.2 Establishing Radiological Background Reference Area (RBRA) Data Sets

Three RBRA (one from the Santa Susana formation and two from the Chatsworth formation) data sets
will be collected. The two RBRA data sets from the Chatsworth formation will be considered as
coming from a single Chatsworth reference area population. In other words, the two RBRA data sets
from the Chatsworth formation will be combined together to make a single Chatsworth RBRA data set.
However, if deemed necessary, the RNC concentrations of the two Chatsworth RBRAS can also be
compared using the statistical methods as described in this document.

In order to verify that the three RBRAs are not impacted by the site activities, a radiological
background data set will be obtained from DTLs, over 10 miles away from the SSFL site. The main
objective of this evaluation is to establish representative and defensible RBRA data sets unimpacted by
the site activities. Univariate two sample hypotheses testing approaches (e.g., t-test, WRS test)
supplemented with graphical displays (e.g., side-by-side boxplots, multiple Q-Q plots, histograms,
formal control-chart-type graphical displays) will be used to address this objective. Background
module of ProUCL 4.00.04 will be used to address some of these objectives. A brief description of the
Background module of ProUCL 4.00.04 is given in Appendix A.

The following two sample parametric and nonparametric hypotheses tests (supplemented with
graphical displays) will be used to compare RNC concentrations of the two RBRAs with DTL RNC
concentrations; and also to compare RNC concentrations of the two RBRASs collected from Santa
Susana and Chatsworth formations

Two Sample Parametric Student’s t-Test: This test will be used when the RBRA data sets and DTL
data set all follow normal distributions, and no nondetects are present in either of the two RBRA data
sets and DTL data set. Normality of a data set will be tested using Shapiro-Wilk (S-W) test and/or
Lilliefors GOF test supplemented with a normal Q-Q plot.

Due to the reasons described above (and described in Appendix D), no attempt will be made to use log-
transformation (or some other transformation) to achieve normality of the two RBRA data sets and
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DTL data set. If all of the data sets do not follow normal distributions, nonparametric approaches
supplemented with graphical displays will be used. The use of graphical displays (e.g., boxplots,
multiple Q-Q plots (EPA 2002a), and histograms) will provide added insight about the data
distributions (e.g., skewness, tails, outliers) of the RNCs from the three RBRAs and DTLSs.

Two Sample Nonparametric WRS (equivalently WMW) Test: When at least one of the RBRA data sets
and/or DTL data set for a certain RNC do not follow normal distributions, WRS (WMW) test will be
used to compare the concentrations of RNCs of the two RBRAs; and also to compare RNC
concentrations of RBRA versus DTL. This test will also be used when RBRA data sets and/or DTL data
set consist of BDL observations with a single reporting limit or detection limit (DL). No ad hoc
substitution methods such as replacing NDs by DL/2, DL, or estimates obtained using regression on
order statistics (ROS) methods will be used in hypotheses testing process.

Two Sample Nonparametric Quantile Test: Since WRS test compares the medians (and not the mean)
of two populations (e.g., two RBRAs, DTL versus RBRAS), Quantile test will also be used to compare
the distributions (tails) of two RBRA data sets (e.g., EPA 2006), and to compare the distributions of
RBRAs and DTLs. In other words, for defensible conclusions, both WRS test and the Quantile test will
be used on the same data sets to properly determine the potential differences between the distributions
of two populations (e.g., RBRA versus RBRA, and RBRA versus DTL). Concentrations of a RNC at
the two formations will be considered statistically similar (comparable) if both tests lead to the
conclusion that RNC concentrations of the two data sets are comparable (null hypothesis not rejected).

Two Sample Nonparametric Gehan Test: This test is used when data sets consist of BDL observations
with multiple reporting or detection limits (DLs). Again, no ad hoc substitution methods such as
replacing NDs by DL/2, DL, or estimates obtained using ROS method will be used in hypotheses
testing process.

1.2.1 Comparing RBRA RNC Concentrations with DTL RNC Concentrations

First, it will be determined if any of the three RBRASs (Santa Susana and Chatsworth) are impacted by
the site activities. Univariate two sample hypothesis testing approaches (e.g., WRS test, t-test)
described above will be used to compare RNC concentrations of each of the three RBRAs with those of
the DTL. Background Hypothesis Test Form 2 (EPA, 2002a, ProUCL 4.00.04) will be used to compare
concentrations of RBRASs versus DTLs. These statistical comparisons will be performed separately for
each of the two RBRAs.

Let p; represent the mean/median of a certain radionuclide at a RBRA (e.g., Santa Susana Formation),
and [, be the mean/median concentration of the same radionuclide at DTLs. The following null and
alternative hypotheses will be considered. The allowable Type | («) and Type Il (f) errors can both be
fixed at 0.1. If deemed necessary, other levels of false positive and false negatives error rates may also
be considered. Background Form 2 (with substantial difference, S=0) null and alternative (left- sided,
left -tailed) hypotheses are defined as follows.

1.2.1.1 Form 2 Background Hypothesis with Substantial Difference, S=0

Null Hypothesis, Ho: Mean/median, p; > Mean/median, W, versus the left-tailed (sided)
Alternative hypothesis, H;: Mean/median, p; < Mean/median, [,
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Based upon the collected data, the null hypothesis will be tested against the left-sided alternative
hypothesis. These hypotheses will be tested for each RNC. Depending upon the level of significance, o
(Type | error rate), and the test statistic used (e.g., t-test, WRS test), an acceptance region and a
rejection region (left-tailed) for the null hypothesis will be established.  For specified level of
significance, a, the acceptance and rejection regions are graphically shown in the following figures for
t-test and WRS test.

The conclusion regarding the acceptance or rejection of the null hypothesis is based upon the value of
the test statistic (e.g., WRS test value) lying within the acceptance region or rejection region
represented by intervals (and not by a single point) as shown in the above figures. If the value of the
test statistic (e.g., t-test, or WRS test) falls within the acceptance region, the null hypothesis that the
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mean/median concentration of a RNC at that RBRA is greater than or equal to the mean/median
concentration of that RNC at DTL will be accepted, otherwise the null hypothesis will be rejected.
This conclusion may also be supplemented with graphical displays such as side-by-side boxplots and
Q-Q plots for further clarification and verification.

1.2.1.2 Form 2 Background Hypothesis with Substantial Difference, S >0

Moreover, in order to determine the degree of separation between the RNC concentrations of RBRA
and DTL, if deemed necessary, Form 2 Background Hypothesis with substantial difference, S>0 may
also be used (EPA, 2002a). The appropriate values of substantial differences, S associated with various
RNCs will be determined by site and radiological experts; and all parties involved such as the project
management, regulators, and stakeholders. Form 2 null and alternative hypotheses are stated as
follows.

Null Hypothesis, Ho: Mean/median, g3 > Mean/median, M, +S, versus the left-tailed (sided)
Alternative hypothesis, H;: Mean/median, 1; < Mean/median, W, +S, where S>0

Same statistical approaches and tests (e.g., t-test, WRS test) as described above (when S=0) will be
used to perform Background Form 2 hypotheses with substantial difference, S>0. ProUCL 4.00.04 will
be used to perform these hypotheses tests.

1.2.1.3 Conclusions of RBRA versus DTL RNC Concentration Comparisons

Based upon the hypotheses test statistics and associated graphical displays, if it is concluded that the
concentrations of RNCs at RBRAs are not higher than those found at DTLs (Form 2 null hypothesis
rejected based upon sampled data), then it would be concluded that the three RBRAS are not impacted
by the site activities. The three data sets (two from Chatsworth and one from Santa Susana) consisting
of unimpacted locations exhibiting concentrations comparable (not statistically significantly different)
to DTL concentrations.

However, if any of the RBRAS exhibits concentrations higher than those of the DTLs (Form 2 null
hypothesis not rejected), then it would be concluded that the RBRA (s) is impacted by the site
activities. The RBRAs locations exhibiting RNC concentrations higher than the RNC concentrations of
DTLs will be identified using formal graphical displays as described in this document. Those
potentially impacted RBRA locations will not be included in establishing radiological background
reference data sets for the SSFL site. It should be noted that the RBRA locations exhibiting
concentrations higher than those of the DTLs can be identified using formal graphical displays as used
in Examples 1 and 2 below (e.g., Figure3 and Figure4) of Section 1.2.1.4.

1.2.1.4 Graphical Comparisons of RNC Concentrations: RBRA versus DTL

In addition to statistical two sample tests described above, formal graphical Control-Chart-Type
displays will also be used to compare individual observations (e.g., single or multiple on-site
observations) with the entire data set (and not the average, or some upper limit of the RBRA data set).
These graphical displays will be helpful to address specific concerns of stakeholders as discussed
during April 30™ meeting and in a conference call held on July 28", 2009. The QA/QC module of



Scout 2008 offers both univariate and multivariate formal graphical tests to compare individual (single
or multiple) observations of one group (e.g., RBRA, on-site, test set) with all observations of another
group (e.g., DTL, background, training set). A couple of examples illustrating these issues are
discussed next.

Example 1. A three-dimensional (lead, manganese, iron) real data set consisting of on-site and offsite
background concentration data from a Superfund site has been considered to illustrate the use of
graphical methods to perform comparisons of two or more groups. This data set is used again in
Example 8 of Section 2 dealing with multivariate methods. Simple side-by-side boxplots and multiple
Q-Q plots (EPA, 2002a) for background lead (“Lead (1)) and on-site lead (“Lead (2)”) concentrations
are respectively given in Figures 1 and 2.

Figure 1. Side-by-side Boxplots Comparing On-site and Background Lead Concentrations

A quick look at the boxplots for lead shown in Figurel suggests that the on-site “Lead (2)”
concentrations are significantly higher than the *“Lead (1)” concentrations found at background
locations. A similar conclusion that on-site lead concentrations are higher than background lead
concentrations can be derived from the multiple Q-Q plot graph shown in Figure 2. It should be noted
that univariate two sample t-test and WRS test (results not included in this report), and graphical
displays, all lead to the conclusion that the lead concentrations of the two groups (populations) are
significantly different, and on-site lead concentrations are significantly higher than the background lead
concentrations. Since three analytes (lead, manganese, and iron) are present in the data set, univariate
analyses will be conducted for each of the three contaminants separately.



Figure 2. Multiple Q-Q Plots Comparing On-site and Background Lead Concentrations

Next, on-site and background manganese concentrations are being compared using the following
formal graphical display.

Figure 3. Formal Graphical Test to Compare Manganese Concentrations of Two Populations

From Figure 3, one can easily determine that the concentrations of the two groups (background data



denoted by bold *+’, and on-site data denoted by *square’) are significantly different. Additionally, the
graphical display shown in Figure 3 identifies on-site contaminated (e.g., # 13, 14, and 15) locations,
which a typical test statistic such as t-test or WRS test cannot identify.

Example 2. The graphical tests can also be used to compare two data sets (e.g., on-site versus
background) consisting of ND observations. A four (4) dimensional data set consisting of four analytes
has been considered. The NDs are shown in red (Figure4). Using univariate methods, four different
comparison graphs will be generated. One of those graphs is shown in the following Figure 4.

Figure 4. Graphical Test to Compare Ra 226 Concentrations of Two Groups, NDs shown in red

From Figure 4, it is easy to see that concentrations of the analyte, Ra 226, in the two groups are
significantly different. Moreover, this graph also identifies all on-site (“Test Group ID = 3”) locations
labeled by ‘squares’ exhibiting significantly higher Ra 226 concentrations than those found in the
background (“Training Group ID = 1”) data set, labeled by bold “+’. Since, the data set consists of four
analytes; this test will have to be repeated four times for each of the four variables. This data set is
considered again in Example 9 (Figure 16) of Section 2 to demonstrate the needs (and advantages) for
using multivariate methods on multivariate data sets consisting of multiple contaminants.
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1.3 Comparing Concentrations of the Two RBRASs

Once the RBRA data sets have been established, the RNC concentrations of the two RBRAs will be
compared (as described below) to determine if the two RBRA data sets can be merged together to form
a single combined radiological background reference data set for all future Site versus Background
comparisons. It should be noted that if RNC concentrations of the two RBRAs are comparable (e.g.,
with respect to mean, median, spread, and data distribution), and can be considered as coming from a
single statistical population of RNC concentrations, it is desirable and recommended to compute a
single estimate of the background threshold value (BTV) for that RNC.

The process of merging the two RBRA data sets (when applicable based upon statistical and graphical
tests) and computing a single BTV (one for each RNC) for the two formations will result in
representative and defensible estimates of the BTVs, especially when BTVs are estimated using robust
and resistant methods. The use of BTV estimates computed using the merged (when applicable) RBRA
data set will result in a lesser number of statistical comparisons with more manageable decision errors.

It is a common practice to merge two comparable data sets which can be considered as coming from a
single statistical population. Statistics computed (e.g., BTVs) based upon the merged RBRA data sets
will be statistically more robust.

Statistical methods which will be used to compare RNC concentrations of the two RBRAs are
described in this section. Since during this comparison, the objective is to determine if the
concentrations of RNCs at the two geological formations are statistically similar, the use of two-sided
alternative hypotheses described below will be most appropriate.

Let py represent the mean/median of a certain radionuclide at the Santa Susana RBRA, and [, be the
mean/median concentration of the same radionuclide at the Chatsworth RBRA. The following null and
alternative hypotheses will be considered. The allowable Type | («) and Type Il (f) errors can both be
fixed at 0.1. If deemed necessary, other levels of false positive and false negatives error rates will also
be considered. The null and two-sided alternative hypotheses are stated as follows.

Null Hypothesis, Ho: Mean/median, ; = Mean/median, [, versus the two-sided (two-tailed)
Alternative hypothesis, H;: Mean/median, y;# Mean/median, H;

Based upon the collected data from the two formations, the null hypothesis will be tested against the
alternative hypothesis. Depending upon level of significance, a (Type | error rate), and the test statistic
used (e.g. t-test, WRS test), an acceptance region and a rejection region for the null hypothesis will be
established. If the value of the test statistic (e.g., t-test, or WRS test) falls within the acceptance region,
the null hypothesis that the mean/median concentrations of the two populations are similar (not
statistically significantly different) will be accepted, otherwise the null hypothesis will be rejected. The
acceptance and rejection regions with two sided alternative hypothesis are shown in the following
figures. Note that since the alternative hypothesis is two tailed, the rejection region for the null
hypothesis is also two tailed.
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As mentioned before, the conclusions of hypotheses tests will be supplemented by information and
patterns displayed in graphical displays (e.g., boxplots, Q-Q plots, histograms, control-chart-type
displays). If hypotheses test results and graphical displays all lead to the conclusion that the RNC
concentrations of the two RBRAs are statistically comparable (similar), then the two RBRA data sets
(Santa Susana and Chatsworth) may be merged together to make a single RBRA data set. All interested
parties including site experts, project team, regulators, and stake holders will decide how the RBRA
data sets will be used in future evaluation studies. Specifically the parties involved will determine if:

1. On-site RNC concentrations from the two formations (Santa Susana and Chatsworth) will be
compared separately with their respective RBRA (Santa Susana and Chatsworth) data sets; or

2. On-site RNC concentrations from the two formations will be compared with concentrations of the
single merged RBRA data set, provided the statistical tests suggest that the RNC concentrations of
the two RBRA data sets are not significantly different. In this case, the merged RBRA data set may
be used as representative of the radiological background reference area for all future on-site versus
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background comparisons.

In any case, if the RBRA data sets (merged or individually) exhibit RNC concentrations comparable
(not statistically significantly different) to those of DTL data set, then those data sets will be used as
background reference data sets for all future site investigations. In case the two RBRA data sets from
the two formations (Santa Susana and Chatsworth) are significantly different in their RNC
concentrations, then two separate reference data sets will be used in all future comparisons.
Specifically, on-site versus background comparisons will be performed separately for the two
geological formations of the SSFL site.

1.4  Establishing Background Level RNC Concentrations or Background Threshold Values
(BTVs)

Procedures to estimate and determine the BTVs or trigger values will commence after successful
completion of establishing defensible RBRA data sets. Once defensible RBRA data sets (combined
RBRA data set, or two separate RBRA data sets--one for each formation) have been established,
evaluations will be conducted using the procedures described in this section. The main objective of
these evaluations is to identify statistical methods which will be used to compare on-sitt RNC
concentrations (when they become available) with RNC concentrations of the RBRA data sets.
Specifically, based upon the RBRA data sets, background level RNC concentrations, also known as
BTVs will be computed. These BTVs may be used to compare on-site observations in future
investigations. For an example, if an on-site observation exceeds a BTV, the corresponding on-site
location may be considered impacted by the site activities and may require further investigations or
cleanup.

Additionally, when comparing on-site concentrations with some upper limit (e.g., BTV, 90"
percentile of RBRA data set) of the background data set, other formal graphical methods (e.g., shown
in Figures 3 and 4) as discussed during the stakeholder meeting on April 30™ will also be used to
compare one or more on-site observations with the entire RBRA data set(s). Depending upon the
statistical comparability of the two RBRA data sets (from two formations) and the decision made by all
concerned parties: 1) on-site RNC concentrations may be compared with concentrations of the merged
RBRA data set (when the two RBRA data sets exhibit statistically comparable concentrations, and
decision makers agree to merge them); or 2) on-site RNC concentrations of the two formations will be
compared separately with the RBRA concentration of their respective formations (when the two
RBRAs are significantly different or the decision makers decide not to merge them).
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1.4.1 Estimation of Background Threshold Values (BTVs)

Once defensible and representative (e.g., representing site conditions before any of the site related
activities) RBRA data sets (free of outliers) have been established, BTVs will be estimated by using the
documented and well established statistical procedures available in the environmental statistical
literature. Typically, BTVs are estimated by upper percentiles (e.g., 90™) or upper tolerance limits (e.g.,
90% upper confidence limit of the 90™ percentile- 90%-90" UTL) computed based upon a pre-
established reference data set (EPA 1989, 1992, 2002, Navy 1998, 2002, and ProUCL 4.00.01, 2009).
Inclusion of outliers in a reference data set may yield inflated and non-representative estimates of
background threshold values. As mentioned before, outliers will not be included in the computation of
any of the decision making statistics including upper percentiles, upper prediction limits, and upper
tolerance limits. In order to compute conservative and defensible estimates of BTVs/trigger values all
statistics will be computed using original raw data set, and no log-transformation will be used.
Additionally, robust and resistant methods will be used to compute upper limits based upon the RBRA
data set(s). Robust estimation methods assign reduced or negligible weights to potential outlying
observations (Singh (1993), Singh and Nocerino, (1995)).

The proposed robust statistical methods to estimate BTVs will provide double protection against
outlying observations that potentially increase the variability of the RBRA data sets. First, the RBRA
data set will be free of outliers, and second the robust and resistant methods will be used to compute
the upper limits. Robust and resistant methods automatically assign reducednegligible weights to
outlying observations (e.g., Rousseeuw and van Zomeren (1990), Singh and Nocerino (1997)).
Estimates of BTVs thus obtained will be undoubtedly protective of human health and the environment.

1.4.1.1 Not to Use Reference Area Average to Estimate BTVs

It is recommended not to use a reference area average or its associated 95% upper confidence limit
(UCL95) to estimate BTVs. Since, individual on-site observations will be compared with a trigger
value, the trigger value/BTV should represent a threshold level meant for comparison of individual
concentrations (and not a mean concentration). Comparing individual on-site values with reference area
average value is not desirable, as that comparison will result in a high percentage of false positives
without providing additional protection to human health and the environment. The comparison of
individual on-site observations with reference area average value would result in the further
characterization, and potentially remediation, of unimpacted, clean site locations. This kind of
comparison is not supported by statistical theory. This is further illustrated in Figure 5 below based
upon the data set of Example 2.

Figure 5 has the graphical display of the two-sided 90% confidence interval of the mean (showing 5%
lower confidence limit and 95% upper confidence limit), the 5™ and 95™ percentiles, and the two-sided
90%-90™ tolerance interval based on the reference area data set of Example 2. Since the confidence
interval of the mean is meant to provide coverage for the mean (e.g., reference area mean, on-site area
mean), several individual reference area values lie above the reference area mean and it’s one-sided
95% upper confidence limit (UCL95) shown in Figure 5 below. If one assumes that a location with
measurement lying above the reference area mean, which equals 5.012 in this example, or its UCL95,
which equals 5.092 in this example, has been impacted by site-related contaminants, then several
reference area locations lying above the UCL95 will also appear to be impacted by site-related
contaminants. This is a fallacy because by definition contamination is always above background.

14



Figure5. 90% Two-sided Confidence Interval for the Mean Computed Using Reference Data Set

It is, therefore recommended to use upper limits such as 90™ percentiles or 90% -90" upper tolerance
limits as estimates of BTVs/trigger values.

1.4.1.2 Computing Upper Limits to Estimate BTVs

This section briefly describes statistics which will be used to estimate BTVs. The BTVs are estimated
by upper percentiles (e.g., 90™) or upper tolerance limits (e.g., 90% upper confidence limit of the 90"
percentile- 90%-90" UTL) computed based upon a pre-established reference data set (EPA 1989, 1992,
2002, Navy 1998, 2002, and ProUCL 4.00.01, 2009).

The relationship between the values of the statistics often used to estimate the BTVs or trigger values is
given as follows:

90™ percentile < 90% UPL< 90% UTL- 90" percentile (90%-90" UTL)< 95% UTL- 90"
percentile (95%-90™ UTL)

95" percentile < 95% UPL < 90% UTL- 95" percentile (90%-95" UTL) < 95% UTL- 95"
percentile (95%-95™ UTL)
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The values of these upper limits are illustrated by graphical displays shown in Example 3. Furthermore,
in order to illustrate how the use of robust and resistant methods yields conservative and defensible
estimates of BTVs, both classical and robust estimates of BTVs are discussed in Example 4.

Example 3. A reference data set of size 20 is used to graphically display upper limits used to estimate
the BTVs/trigger values. The data set does not consist of any outliers (e.g., using Dixon test and other
robust outlier identification methods). Figure 6 illustrates the various classical statistics (90" percentile
and 90%-90"™ UTL) used to estimate the BTVs; and Figure 7 has the corresponding robust and resistant

upper limits. Since no outliers are present in this data set, classical and robust estimates of BTVs are in
complete agreement.

Figure 6. Graphical display of classical 90" percentile and 90% -90" UTL
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Figure 7. Graphical display of robust 90™ percentile and 90% -90™ UTL

This reference data set does not consist of any outliers. Therefore, both classical and robust 90™
percentile and 90%-90™ UTL of the reference area data set are in complete agreement. For this data set,
parametric 90™ percentile = 24.91 and one-sided 90%-90" UTL = 26.56. An on-site RNC observation
belonging to the background population will lie at or below the 90" percentile with probability 0.90.
The 90%-90" UTL represents a 90% upper confidence limit on the 90" percentile and provides
coverage to the 90™ percentile.

Example 4. This example uses a reference data set consisting of 9 measurements. The classical upper
limits (90% percentile, 90%-90" UTL) are shown in Figure 8. From Figure 8, it appears that the
observation number 4 (value of 67.72) represents a potential outlier. A simple outlier test (e.g., Dixon’s
test) also suggests that observation number 4 with a value of 67.72 indeed represents an outlier. Since
the presence of outlier distorts classical statistics such as mean, standard deviation, percentiles, and
UTLs, robust and resistant methods will be used to estimate the BTVs. The upper limits to estimate
BTV based upon robust and resistant method are shown in Figure 9 and the corresponding upper limits
without the outlier (observation # 4 omitted) are shown in Figure 10. It is noted that the robust limits
and the limits obtained without the outlier are in close agreement (Figures 9 and 10). The values of the
various limits are summarized in Tablel.
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Figure 8. Graphical display of Classical 90" Percentile and 90% -90™ UTL with Outlier (#4)

Figure 9. Graphical display of Robust 90™ percentile and 90% -90™ UTL with Outlier (#4)
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Figure10. Display of classical 90™ percentile and 90% -90™ UTL without Outlier (#4)

Tablel. Upper Limits to Estimate BTV

Method Mean | Standard 90" Percentile | 90%-90"™ UTL
Deviation
Classical Method with Outlier 31.41 14.80 50.38 62.98
Robust/Resistant Method with Outlier | 26.89 6.21 34.84 40.66
Classical Method without Outlier 26.87 6.21 34.82 40.64

From Figures 8-10, and Table 1, it is easy to see outliers inflate the variability and distort all other
statistics of interest (e.g., percentile, UTL). However, robust methods automatically assign
reduced/negligible weights to outlying observations, therefore, robust and resistant (to outliers)
methods yield statistics (BTVs) that are not inflated by outliers. The upper limits (to estimate BTVs)
based upon the robust method (PROP influence function) and the classical methods without the outlier
are in close agreement.

It should be noted that RBRA data sets will be screened for outliers before computing estimates of
BTVs. Outliers will not be included in RBRA data sets. All statistics will be computed using data in
original scale without using a log-transformation. Furthermore, robust and resistant methods will be
used to compute upper limits to estimate BTVs. The robust statistics thus obtained will be conservative
and protective of human health and the environment.

19




A stepwise procedure based upon robust and resistant estimates of BTVs can be used to determine if an
on-site observation is potentially impacted by the site activities.

e If an on-site measurement falls below the robust 90" percentile of the RBRA data set, then the
location of that measurement will be considered unimpacted.

e If an on-site observation lies between the robust 90" percentile and the robust 90%-90" UTL,
the project team will take a closer look at the location and determine whether the corresponding
location should be further investigated.

e If an on-site location exceeds the robust 90%-90" UTL, the corresponding on-site location will
be considered as potentially impacted by the site activities and further investigation/evaluation
will be needed.

The stepwise procedure based upon robust estimates of BTVs described above will lead to
conclusions that are statistically defensible and protective of human health and the
environment.

1.4.2 Comparing On-site RNC Concentrations with Background Data Set (as a whole versus some
upper limit such as UTL)

Other formal graphical displays will also be used to perform these comparisons. Specifically, one or
more on-site observations will be graphically compared with the entire reference background data set.
A couple of univariate graphical displays (Figures 11 and 12) illustrating these comparisons are given
in Example 5.
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Example 5. On-site and background chromium (Cr) concentration comparisons can also be made by
using the following tolerance interval comparison graph shown in Figure 11.

Figure 11. 90% Tolerance Intervals for Reference and On-site Chromium Concentrations

Figure 12. Formal Graphical Test to Compare Chromium Concentrations of Two Populations
From Figures 11 and 12, one can easily determine that the concentrations of the two groups (Reference

data (group ID=1) denoted by bold ‘+’, and On-site data (group 1D=2) denoted by ‘square’) are
significantly different. Actually, these formal graphs demonstrate that on-site chromium concentrations
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are significantly higher than those of the reference are. The graphical display shown in Figure 12
identifies all on-site locations exhibiting chromium concentrations higher than BTVs (e.g., 95% UPL,
95™ percentile, and 95%-90" UTL as shown in Figure 12). It should be noted that use of a typical t-test
or WRS test can only provide the conclusion that the on-site locations exhibit concentrations
significantly higher than the background locations.

2.0  Statistical Evaluations Based Upon Multivariate Methods

It is noted that many correlated constituents (e.g., radionuclides, and metals as collected by the
California Department of Toxic Substances Control) will be considered in RBS evaluations. Performing
statistical analyses for each constituent separately can be tedious and time consuming. Furthermore, the
use of univariate methods on multivariate data sets (multiple constituents) fail to control Type | and
Type Il error rates (false positives and false negatives) specified in the Data Quality Objectives
(DQOs). Therefore, for multivariate data sets consisting of multiple radionuclides, appropriate
multivariate methods may also be used to address stakeholders’ concerns and statistical issues of the
RBS evaluations as described in the SAP. Multivariate methods as incorporated in Scout 2008 are
based upon the peer-reviewed published research efforts of many researchers and academicians. Scout
2008 comes with a User Guide and many technical published journal articles used in the development
of Scout 2008, Version 1.00.01. Multivariate robust methods (e.g., Johnson and Wichern, 2002,
Rousseeuw and Leroy, 1987, Rousseeuw and van Zomeren, 1990, Singh 1993, Singh and Nocerino,
1995, 1997) are resistant to outliers and can successfully identify all potential outliers that may be
present in a data set. Theoretical details of the multivariate methods used in this document can be found
in the cited references.

Robust and resistant (to outliers) statistical methods will be used to identify potential outliers in
univariate and multivariate data sets; and formal multivariate (based upon Mahalanobis distances
(MDs)) graphical test displays (e.g., Singh and Nocerino (1995, 1997)) available in the QA/QC module
of Scout 2008 will be used to determine if concentrations of RNCs of the two groups (e.g., RBRA vs.
DTL, On-site vs. RBRA) differ significantly. Additionally, multivariate graphical displays will be used
to determine and identify on-site (test set) observations that do not belong to the background (training
set) population.

It should be noted that statistics, MDs and maximum (MDs) are multivariate in nature and are
computed using all selected analytes present in a data set. Therefore, in multivariate graphs (e.g.,
shown in Figures 13 through 18) based upon MDs, all selected analytes are being used and included
even though they are not directly shown on the graphical displays. In addition to generating graphical
displays, Scout 2008 also generates Excel output sheets summarizing details about the selected
variables, statistical tests, and statistics. However, in this document, only graphical displays have been
used. The effectiveness and some of the advantages of using multivariate methods on multivariate data
sets is illustrated in the following examples.
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Example 6. Consider a 6-dimensional (e.g., 6 radionuclides) data set consisting of n=20 observations
(e.g., DTLs). For the sake of illustration, assume that the data set has four outliers. The univariate
Rosner outlier test (USEPA, 2006, MARSSIM, 2000) cannot be used since n<25. The univariate Dixon
test could not identify any outliers. The Robust multivariate formal outlier test identified all four
outliers as shown in the following Figure 13.

Figure 13. Identification of Outliers based upon Robust PROP Influence Function

Example 7. Effectiveness of multivariate robust outlier methods is shown by using another data set
consisting of several outliers of varying degrees of extremeness. The graphical display based upon the
robust outlier method not only identified all outliers successfully, but also revealed four extreme
outliers (#11, 20, 30, and 34), two intermediate outliers (#7, 14), and one mild outlier as shown in
Figure 14 below.
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Figure 14. Identification of Outliers based upon the PROP Influence Function

Example 8. The three-dimensional (lead, manganese, iron) real data set (consisting of on-site and
offsite background concentration data) from a Superfund site was used earlier in Example 1, Section
1.0 to illustrate the use of univariate graphical methods. In this example, the data set is used to
illustrate the effectiveness of multivariate graphical test to determine if the metal concentrations of two
populations (background versus site) differ significantly. Using the multivariate graphical test based
upon MDs (representing all three contaminants), one can not only determine that there are differences
between two populations (site versus background) but can also determine which of the site (e.g., test
set, group 2) observations do not belong to the background population (e.g., training set, group 1).
Specifically, from Figure 15, it can be determined that on-site locations 13, 14, and 15 do not belong to
the background population (training set). Note that univariate manganese graphical test shown in
Figure 3 also identified the same three on-site (test set) observations (13, 14, and 15) not belonging to
the background (training set) population.
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Figurel5. Multivariate (three analytes) two-sample test supplemented with graphical display

Example 9. This four dimensional data set was considered earlier in Example 2. From the formal
multivariate graphical test display shown in Figure 16, it is easy to conclude that the concentrations of
the two groups (e.g., On-site versus Background, training set versus test set) are significantly different.
No other univariate test (graphical or analytical) is needed to come to this conclusion, and the
associated Type Error | rate indeed stays fixed at 0.05. Figure 16a has a similar graph comparing
populations 2 and 3. Typically, on-site observations lying above the control limit (*95% Maximum
(Largest MD) Limit”) on the control-chart-type index plot (Figure 16) of MDs may represent impacted
site observations requiring further investigation.
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Figure 16. Multivariate (four analytes) formal graphical two-sample test

Figure 16a. Multivariate (four analytes) formal graphical two-sample test
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Example 10. Another five dimensional crude oil data set from two different populations is used to
illustrate the use of multivariate methods to assess and test the differences between two groups (e.g.,
Background versus On-site, Group 1 versus Group 2). The graph shown below in Figure 17 can be
used to come to the conclusion that the bivariate (vanadium and beryllium) concentrations of the two
groups (e.g., training set versus test set, group 1 versus group 2, RBRA versus DTL, On-site versus
RBRA) differ significantly. Test set (Group 2) observations lying outside the tolerance ellipsoid shown
in Figure 17 may be considered as not belonging to the training set (Group 1) population (e.g.,
background population). Multivariate graph (Figure 18) using all five metals quickly reveals that the
metal concentrations of two groups are significantly different. Observations lying above the maximum
limit shown on Figure 18 can be considered as not belonging to the background (training set, group 1)
population.
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Figurel8. 5-Dimensional formal two-sample test: Site (group 2) vs Background (group 1)
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Appendix A

Background Module of ProUCL 4.00.04

The background module of ProUCL 4.00.04 will be used to address most of the objectives of
evaluations. The background module of ProUCL 4.00.04 (and its earlier versions) was developed to: 1)
compare site concentrations data distribution to background concentrations data distribution, 2)
compare point-by-point site data to some pre-established screening level such as background threshold
value (BTV) or not-to-exceed value, or 3) compute background upper threshold value (BTV) based
upon site-specific background data. Specifically, while comparing site data to background data, one is
interested in determining whether the site concentrations can be considered as coming from (site
concentrations comparable to those of background) the background population. The main objective of
performing background versus site concentrations comparison is to determine if site concentration data
exceed some background threshold levels (e.g., upper prediction limit, upper tolerance limit) with high
confidence. Typically, in such situations, background upper threshold is estimated by a 95% upper
prediction limit (95UPL), 95% upper limit for 90", or 95" percentile (95UTL90, or 95UTL95)
provided enough (e.g., at least 8-10, more are desirable) background data are available. Thus a 95%
UPL or UTL is computed based upon background data, and individual point-by-point site observations
are compared with the BTVs. For details refer to ProUCL 4.00.04 technical guide, which can be
downloaded from the EPA website.

ProUCL 4.00.04. (2009). “ProUCL Version 4.00.04 Technical Guide.” The software ProUCL 4.00.04
can be downloaded from the web site at: http://www.epa.gov/esd/tsc/software.htm.

ProUCL 4.00.04 (2009). Statistical Software, an upgrade of ProUCL 4.00.02. Software and associated
guidance documents can be downloaded from: http://www.epa.gov/esd/tsc/software.htm.
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Guidance. Washington DC: Office of Solid Waste. April 1989.
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to Interim Final Guidance. Washington DC: Office of Solid Waste. July 1992.
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CERCLA Sites. EPA 540-R-01-003-OSWER 9285.7-41. September 2002.
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Appendix B

Identification of Outliers

It is noted that typically, in environmental applications (e.g., EPA, 2006), classical Rosner and Dixon
outlier tests are used to identify outliers which often suffer from masking effects. However, it is well
known (e.g., Singh, 1993) that classical univariate outlier tests (Dixon test, Rosner test) suffer from
masking effects (e.g., extreme outliers may mask the occurrence of other intermediate outliers), it is
therefore, suggested that for univariate data sets, these classical outlier tests be supplemented with
graphical displays such as a box plot or a quantile-quantile (Q-Q) plot. Moreover, in order to use
Rosner test, one needs to specify the number of suspected outliers, which is not known in advance. The
user has to try many values (e.g., =1, 2, 3, 4,..., 10) for the number of suspected outliers. Therefore, it
is always desirable to supplement analytical statistics (e.g., GOF test, Rosner test statistic) and results
(as they may get inflated by outliers) with graphical displays. The use of UTLs inflated by outliers can
result in inflated estimates of background threshold values (BTVs). The use of inflated BTVs is not
protective of human health and the environment.

The use of robust and resistant outlier identification procedures (e.g., Singh, 1993, and Singh and
Nocerino, 1995 and 1997) is recommended when multiple outliers may be present. Outliers
(specifically high and extremely high values) in site data represent potentially polluted locations. These
observations need to be identified using effective statistical methods. Outliers found in RBRAs and
DTLs may represent observations not representative of representative background conditions. Such
background locations representing outliers will not be included in statistical evaluations to address
assessment objectives of the RBS. A defensible background data set should represent a “single”
background population (e.g., representative of site conditions before any of the industrial site related
activities) free of contaminating observations such as outliers. In a background data set, outliers may
represent potentially contaminated observations from impacted site areas under study or possibly from
other polluted site(s).

Furthermore, it needs to be emphasized that outliers (if any) need to be identified in the original raw
scale as the remediation and cleanup decisions need to be made using data and statistics (e.g., UTL or
UCL) in the original scale. An outlier in the raw scale may not be an outlier in the transformed space
(e.g., log-scale). That does not imply that the elevated concentration in the original scale represents a
clean location and may be included in the statistical computations such as estimation of a background
threshold value (BTV). This topic has been discussed in greater detail in Chapter 7 of ProUCL 4.00.04
Technical Guide (EPA, 2009). It should be pointed out that the use of a log-transformation tends to hide
contamination by accommodating outlying observations.

EPA software Scout 2008 offers many robust outlier identification and robust estimation procedures.
Several of those methods will be used in evaluations of RBS data as described in the SAP for the SSFL
site. The details of the robust outlier identification procedures can be found in the references used in
this brief write-up. Several worked out examples using robust methods can be found in Scout 2008
User Guide.
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In order to establish that when dealing with multivariate data sets (consisting of multiple
radionuclides), multivariate tests are more effective to address statistical issues and in controlling
decision errors (false positives and false negatives), both univariate (as commonly used) and
multivariate tests supplemented with graphical displays will be used on the same data set. Results based
upon two approaches will be compared, and in case of discrepancies between the conclusions derived
using the two approaches, the most conservative conclusion protective of human health will be used.
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Appendix C

Analyses of Data Sets with Nondetects (NDs) and Below Detection Limit (BDL) Observations
Statistical Approaches for Data Sets with Nondetect Observations

Nondetect (ND) or below detection limit (BDL) observations are inevitable in environmental data sets.
Statisticians (e.g., Helsel, 2005, Singh, Maichle, and Lee, 2006) have developed defensible statistical
methods to handle data sets consisting of ND observations with single and multiple detection limits.
Singh, Maichle, and Lee (EPA, 2006) studied the performances of the various upper confidence limit
computation methods (e.g., Cohen, KM, bootstrap) including the simple substitution methods (such as
the DL/2 and DL methods, regression on order statistics — ROS methods) for data sets with ND
observations. They concluded that the upper limits obtained using the substitution methods (proxy
methods), including the replacement of nondetects by respective DL/2 do not perform well even when
the percentage of nondetect observations is low, such as 5%-10%. Therefore, for all statistical analyses,
use of substitution methods such as the DL/2 and DL methods will be avoided. Specifically, the use of
substitution methods will be avoided to perform GOF test, to perform two sample comparisons, to
compute summary statistics and various other limits (e.g., UTL, UPL) used to estimate the background
threshold values. For more accurate and defensible results and conclusions, statistically rigorous
methods such as the Kaplan-Meier method and bootstrap methods (now available in ProUCL 4.00.04
and Scout 2008) will be used to compute UPLs and UTLs to estimate BTVs.

Also as mentioned in main body of the report, appropriate hypotheses testing approaches such as
Gehan test, WRS test, and Quantile test that also handle ND observations (ProUCL.4.00.04) will be
used on RBRA and DTL data sets consisting of NDs. It needs to be emphasized that the use of
appropriate statistical methods is very important to derive correct and defensible conclusions. For an
example, a simple WRS test used on data sets with NDs may lead to incorrect conclusions. For data
sets with NDs, it is preferable to use appropriate corrected WRS test (single detection limit) and/or
Gehan test (multiple detection limits). For details of these methods with examples, refer to ProUCL
4.00.04 Technical Guide (EPA, 2009).

Appropriate statistical methods (instead of simple Wilcoxon Rank Sum Test) should be used to
compare surface soil and subsurface soil concentrations for data sets with nondetects. Several statistical
tests (e.g., WRS test, Gehan Test, Quantile Test, Boxplots) are included in ProUCL 4.0 to compare
concentrations of two populations (e.g., surface versus subsurface) based upon data sets with and
without nondetect observations.

Helsel, D.R. 2005. Nondetects and Data Analysis. Statistics for Censored Environmental Data.
Singh, A., Maichle, R., and Lee, S. 2006. On the Computation of a 95% Upper Confidence Limit of the

Unknown Population Mean Based Upon Data Sets With Below Detection Limit Observations. ,
EPA/600/R-06/022, March 2006.
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Appendix D
Avoid the use of Log-transformation and Lognormal Distribution
Avoid the use of Transformations

The process of using statistical methods in the transformed space (e.g., log-transformed space) and then
back-transforming the results in the original scale is not a straight forward process. Moreover, back-
transformed statistics and estimates (e.g., from log-scale to original scale) often suffer from an
unknown amount of transformation bias. The back-transformation formulae vary from transformation
to transformation (log, square root, or some other Box-Cox type transformations). Therefore, in case
the distributional assumptions (e.g., normality, gamma model) are not satisfied by the data set in the
original scale, it is preferable to use nonparametric statistical methods such as the Mann-Whitney or
Kruskal Wallis test to compare two or more populations. The nonparametric tests should be
supplemented with graphical displays and various other percentiles (e.g., 25%, 50%, 75%, 90%, etc.)
useful to compare data sets from two or more populations.

Avoid the use of Log-transformation and Lognormal Distribution

It should be noted that the use of lognormal distribution often tends to hide contamination by
accommodating outliers. Moreover, since all decisions need be made based upon values of contaminant
of potential concern (COPC) in the original scale, therefore all statistics computed using log-
transformation need to be back-transformed in the original scale. Back-transformed statistics suffer
from transformation bias. It is also well known that the use of lognormal distribution often yields
unrealistic and unstable values of upper limits such as 95% UCL, 95% UPL, and UTLs (e.g., Singh,
Singh, and Engelhardt, 1997). Therefore, in order to derive correct and defensible conclusions, the use
of lognormal distribution will be avoided; and all statistical tests including outlier tests, two sample t-
test and WRS test will be performed in the original raw scale. Specifically, all parametric (in case of
normally distributed data sets) and nonparametric tests will be performed on original untransformed
data sets.
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Not to Use t-test on Log-transformed Data

Some EPA guidance documents (e.g., EPA 1989, EPA 1992, EPA QA/ G-9, 2006) suggest the use of a
two sample Student’s t-test on log-transformed data to compare the “means” of two skewed
populations. Actually, it is observed that a lognormal model is often used as a default model (e.g., EPA
RAGS document (1992)) for skewed data distribution even when the data set may not pass a lognormal
goodness-of-fit test. The EPA QA/G-9 (2000) document, Section 4.6 (page 4-41) states that: "By
transforming the data, assumptions that are not satisfied in the original data can be satisfied by the
transformed data. For instance, a right skewed distribution can be transformed to be approximately
Gaussian (normal) by using a logarithmic/square-root transformation. Then the normal-theory
procedures can be applied to the transformed data. If data are lognormally distributed, then apply
parametric procedures to logarithms of the data."”

However, no mention of back-transformation has been stated associated with this statement. Also, no
statement or guidance has been provided about how to interpret and use those test statistics obtained
based upon transformed data sets. This has resulted in frequent improper use of log-transformation in
many environmental applications. Specifically, the test statistics computed based upon log-transformed
data are used to derive conclusions in the original scale! It should be noted that the equality of means
in the transformed space does not ensure the equality of means in the original space. This is further
illustrated by a simulated example discussed in the following.

When applicable (both data sets are normally distributed), parametric two sample Student’s t-test will
be performed on original untransformed data set. Since, the remediation and cleanup decisions have to
be made using statistics and results computed in the original scale, therefore, it is recommended to
perform statistical tests in the original scale. No attempt will be made to transform data using a log-
transformation (or some other transformation), and perform a t-test on log-transformed data, as the
equality of means in the log-scale does not imply the equality of means of two populations (e.g.,
Chatsworth and Santa Susana formations) in the original scale.
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Improper Use of Student’s t-test to Compare Means of Two Populations Using Log-
transformation

Hypotheses testing for population means based upon a t-test using the raw data and log-transformed
data are not equivalent procedures. Conclusions derived based upon Student’s t- statistic obtained using
log-transformed data can lead to incorrect conclusion regarding the equality of the means of the two
populations under study (e.g., here the RBRA and DTL). Consider two data sets that follow lognormal
distributions. Note that if the mean and standard deviation (SD) of log-transformed population are
and s?, then the mean of the lognormal distribution is given by exp (i + s%/2). The detailed discussion
about these issues can be found in Singh, Singh, and Engelhardt (1997). The mean of the lognormal
population (raw) depends both upon the mean and SD of the log-transformed data - a fact often
forgotten by a typical user. It should also be pointed out that comparing the medians of two
populations is not equivalent to comparing the means of two populations unless the populations are
normally or approximately normally (symmetrically) distributed.

For positively skewed data sets, the mean is much greater than the median. For highly skewed data
sets, the actual difference between the median and mean can be enormously high. For example, the
median of a lognormal population, LN (5, 4%) is only 148.4 where as the mean is 442413.39.
Obviously, for such highly skewed data sets, the cleanup decisions made based upon sample median
(=148.4) can incorrectly lead to the decision that the site represented by a LN(5, 4%) population is clean,
and site concentrations are similar to those of the background population, LN(5, 1?) with median
148.4, and mean = 244.69. Note that the medians of the lognormal populations LN (5, 1) (=
background), LN (5, 29, LN (5, 3%) and LN (5, 4%) are all the same, but their means are significantly
different. Specifically, the medians of LN (5, 1%) and LN (5, 4%) are the same (=148.4), but the means
are very different. The population represented by LN (5, 4) is highly contaminated and is far different
from the cleaner background population represented by LN (5, 1%) with mean =244.69. Obviously, the
equality of two medians does not imply the equality of two means.

To illustrate this issue in mathematical terminology, let a; and a; be the true means of the two
lognormal distributions with the corresponding means and standard deviations of the log-transformed
populations as (M1, S1), and (M2, S2). The means, a; and a,, of the two lognormal populations (in original
scale) are given by exp (M1 + 5:°/2) and exp (U2 + S2°/2), respectively. Also note that the corresponding
medians of the original lognormal populations are exp (41) and exp (p2). Thus testing for the equality
of py and Y, (means of log-transformed data) does not necessarily imply the equality of the means, a;
and ay, in the original scale. If the objective is to compare the medians (and not the means) of two
populations, then one may use t-test on log-transformed data. However, as discussed above, the
equality of medians is not sufficient and adequate enough to demonstrate that the site concentrations
are similar to those of the background (e.g., are not impacted by the site activities). Under this scenario,
many site observations can be highly contaminated, but the equality of medians can lead to the
incorrect conclusion that the site and background concentrations are comparable.

In order to compare the means in the original scale, one also has to account for the standard deviations,
sy and s, (which are unknown in practice and may have to be estimated using the available data) in the
exponents. At best, such a t-test will provide only an approximate test for comparing two population
means of approximately symmetric to mildly skewed lognormal populations (when the mean and
median of lognormal populations (original scale) tend to be roughly the same). The issue that the use
of a t-test on log-transformed data is not appropriate to test the equality of means of two moderately to
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highly skewed lognormal populations can be very simply illustrated by writing down the hypotheses in
both scales: the original scale and the log scale.

Original Scale: The main objective here is to test whether the site mean, a, is comparable (or
significantly greater than) to the background mean, a;, at some level of significance (say a = 0.05).
Thus the null and the alternative hypotheses to be tested may be Ho: a; = a, vs. Hi: a3 T a; (or a; > ay).

Log Scale: When a t-test is used on log-transformed data, the hypotheses in the log-scale are given by
the statements: Ho: M2 = Mg, VS. Hi: M2t g (Or gz > Wg). This is not what we are trying to test, we want
to compare a; and ay, not Yy and L.

As shown above, there can be a huge difference between the values of a; and a,, and only a minor
difference in the values of py; and .. Thus based upon the data sets, if it is concluded that there is no
significant differences between [, and p; does not necessarily imply that there are no significant
differences in a; and a,. An example illustrating this issue is discussed as follows.

Example: Using the statistical software package, MINITAB, data sets of size 20 each are generated
from two lognormally distributed populations (e.g., one background and one from a contaminated site
area of concern) with means of the log-transformed data for both populations as (3 = g, = 5 and the
standard deviations as s; = 2 and s, = 4, respectively with the background population having the sd = 2,
and the site area having the sd = 4. Note that the true mean, a;, of the background population is
1096.63, and the true mean, ay, of the contaminated site area is 442413.39. The generated data sets do
follow lognormal distributions. Note that the mean of log-transformed data being 5 for both
populations, therefore, the two populations have the same median = 148.4 but the means are
significantly different. The objective is to test whether the means, a; and a,, of the two populations in
the original scale are equal. The two sample, t-test when used on the log-transformed data leads to the
conclusion that there is no significant difference in the mean concentrations, pand [, of the log-
transformed data. This does not imply that the true means, a; and a; are also equal. The t-test results
obtained using MINITAB on these log-transformed data are summarized as follows.
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N Mean StDev SE Mean
P1(Background) 20 507 185 041
P2(Site) 20 511 420 0.94
95% CI for mu P1 - mu P4: (-2.15, 2.07)
T-Test mu P1 =mu P2 (vs <): T=-0.04, P=0.48, DF = 26

For the log-transformed data, the t-value is = -0.04, which is not significant at any of the commonly
used levels (= 0.05, 0.1, 0.2.). This observation leads to the conclusion that there are no significant
differences in the means of the two log-transformed populations (which is true). But this does not
imply that the means in the original scale are also equal - a common practice used by practitioners in
environmental applications. The equality of medians is not good enough to come to the conclusion that
the site concentrations are not impacted and comparable to those of the background.

A more serious problem: Using the same two sample t-test on log-transformed data to test the
hypothesis Ho: a; 3 a2 vs. Hy: a; < ap, exact the same t-test statistic (= -0.04) will be obtained leading to
the conclusion of not rejecting the null hypothesis and concluding (in log-scale) that the background
mean may be greater than the site mean! A naive user may conclude that the background mean in
original scale is also greater than the site mean - which, of course, is not true. It is, therefore, strongly
recommended not to use the t-test to compare the means of two populations based upon log-
transformed data for both forms of hypothesis testing, Background Form 1 and Background Form 2. It
is always useful to supplement statistical tests (especially when formulated and used incorrectly) with
graphical displays.

Singh, A.K., Singh, A., and Engelhardt, M. 1997. The lognormal Distribution in Environmental
Applications. Technology Support Center Issue Paper, 182CMB97. EPA/600/R-97/006.

Singh, A., Singh, A. K., and laci, R. J (2002). Estimation of the Exposure Point Concentration Term
Using a Gamma Distribution. EPA/600/R-02/084.

USEPA (2006). Guidance for Data Quality Assessment: Practical Methods for Data Analysis, EPA

QA/G-9, QAOQO0 Version. EPA 600-R-96-084. Quality Assurance Management Staff,
Washington, DC. Available at http://www.epa.gov/quality/qa_docs.html.
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Glossary of Terms
Accuracy of an estimate: Degree to which the estimate matches the true parameter such as mean

Below Detection Limit (BDL) or Nondetect (ND) observations: Represent those values present at
low concentration/trace levels and cannot be measured below certain detection limits (DLs). For
instance, assume that certain instrumentation that can only read measurements within a certain range-
data obtained from this instrument may result in a left censored data sets, as measurements below the
DLs cannot be measured.

Confidence coefficient/Level: The measure of probability (1- o) associated with a confidence interval
(such as upper confidence limit = UCL) that the interval will include the true population parameter
(e.g., population mean, p) of interest (We can be 95% confident that this interval encloses the actual
population parameter.)

Data: Information, measurements, analytical results (e.g., radionuclides) obtained from a survey,
sampling experiment, investigation. Data (numerical values) are stored in a database, usually in
electronic form such as Excel Spreadsheets.

Raw data: Data that has not been subjected to any sort of mathematical manipulation or statistical
treatment such as grouping, coding, censoring, or transformation.

Hypothesis: A statistical hypothesis is a statement concerning the value of parameters or form of a
probability distribution for a designated population or populations. More generally, a statistical
hypothesis is a formal statement about the underlying mechanisms that generated some observed data.
For an example, hypothesis can be stated as: Mean of Population 1 = Mean of Population 2.

Hypothesis testing: A term used to refer to testing whether observed data (sampled data, observed
measurements) support a statement or hypothesis.

Null hypothesis, Ho: In general, this term relates to a particular research hypothesis being tested, as
distinct from the alternative hypothesis, which is accepted if the research hypothesis is rejected.
Contrary to intuition, the null hypothesis is often a research hypothesis that the analyst would prefer to
reject in favor of the alternative hypothesis, but this is not always the case. For example, the null
hypothesis specifies that there is no difference, no effect or no relationship.

Alternative Hypothesis, Hi: The hypothesis, which one accepts when the null hypothesis, Hy (the
hypothesis under test) is rejected. It is usually denoted by H;.

One-tail (one-sided) test: Also known as a one-sided test, a test of a statistical hypothesis in which the
region of rejection consists of either the right hand tail or the left hand tail of the sampling distribution
of the test statistic. Philosophically, a one-sided test represents the analyst's a priori belief that a certain
population parameter is either greater or less than a specified value. One tail tests provide more specific
information and make it easier to gain statistical significance than two tailed tests.

Two-tailed (two-sided) test: A test of significance in which both directions are, a priori, equally likely.
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Type | error, Alpha Level, a of significance: Alpha is the probability assigned by the analyst that
reflects the degree of acceptable risk for rejecting the null hypothesis when in fact the null hypothesis is
true. In other words, the level of significance, a is the probability of rejecting a null hypothesis, when it
is in fact true. It is also known the probability of committing a Type | error. Erroneous rejection of the
null hypothesis is known as a Type | error. Alpha, or level of significance, is pre-selected by the analyst
to determine the type I error rate. The level of  confidence of a particular test is given by 1 - a.

Type 11 error, B: If, as the result of a test statistic computed on sample data, a statistical hypothesis is
accepted when it is false, i.e. when it should have been rejected, then a type Il error has been made.
Erroneous acceptance of the null hypothesis is known as a Type Il error.

Beta is pre-selected by the analyst to determine the type Il error rate. The Power of a particular test is
given by 1 - B.

p = 0.05: The most common probability used as alpha level in statistical inference testing.

Data Distribution: Probability model (e.g., normal, gamma) assigned (based upon statistical
goodness-of-fit tests) to the sampled data set of analytical results.

Gamma distribution: The Gamma distribution includes as special cases the chi-square distribution
and the exponential distribution. This distribution is often used to model positively skewed data sets.

Normal /Gaussian distribution: The Gaussian (another name for normal) distribution is characterized
by its symmetric shape and has a bell-shaped appearance. The normal distribution is the most
commonly used model, and forms the cornerstone of a substantial portion of statistical theory. Gaussian
distribution has the two parameters mean, mu and SD, s; when mu = 0 and s = 1, it is said to be in its
standard form, and it is referred to as the standard normal distribution.

Goodness- of- Fit (GOF): Goodness- of- fit describes a class of statistics (e.g., Shapiro-Wilk statistics,
Kolmogorov-Smirnov test) used to assess the fit of a model to observed/sampled data.

Interval Estimate: The estimation of a population parameter by specifying a range of values bounded
by an upper and a lower limit, within which the true value is asserted to lie.

Parameter: This word occurs in its customary mathematical meaning of an unknown gquantity that
varies over a certain set of inputs. In statistical modeling, it most usually occurs in expressions
defining frequency or probability distributions in terms of their relevant parameters (such as mean and
variance of normal distribution). Of utmost importance is the notion that statistical parameters are
merely estimates, computed from the sample data, which are meant  to provide insight as to what the
true population parameter value is, although the true population parameter always remains unknown to
the analyst.

Population (or Universe): In statistical terminology, the word population is applied to any finite or
infinite collection of individuals. It is important to distinguish between the populations for which
statistical parameters are fixed and unknown at any given instant in time, and the sample of the
population, from which estimates of the population parameters are computed. Population parameters
are generally unknown because the analyst can rarely afford to measure all members of a population,
and so a random sample is drawn.
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Prediction interval: A prediction interval is a calculated range of values known to contain some future
observation over the average of repeated trials with specific certainty (confidence coefficient,
probability).

Precision: The precision or efficiency of an estimator is its tendency to have its values cluster closely
around the mean of its sampling distribution. Precise estimators are preferred to less precise
estimators.

Probability density functions (probability distributions): knowing the probability that a random
variable takes on certain values, judgments can be made as to how likely or unlikely were the observed
values.

Robustness: A method of statistical inference is said to be robust if it remains relatively unaffected
when all of its underlying assumptions are not met.

Sample: A part or subset of a population, which is obtained through a recruitment or selection process,
usually with the objective of understanding better the parent population. Statistics are computed on
sample data to make formal statements about the population of interest. If the sample is not
representative of the population, then statements made based on sample statistics will be incorrect to
some degree.

Significant/Statistically significant: An effect is significant if the value of the statistic used to test it
lies outside acceptable limits i.e. if the hypothesis that the effect is not present is rejected.

Skewness: Skewness is the lack of symmetry in a probability distribution. In a skewed distribution the
mean and median are not coincident.

Standard normal variable: a normal distributed variable with mean 0 and standard deviation 1.

Statistic: A summary value calculated from a sample of observations; a number calculated from a
sample of observed data to make an inference about the population to which the sample belongs

Statistics: The branch of mathematics that deals with all aspects of the science of decision-making and
analysis of data in the face of uncertainty.

Statistical inference: statistical inference is a form of reasoning from sample data to population
parameters; that is, any generalization, prediction, estimate, or decision based on a sample and made
about the population. There are two schools of thought in statistical inference, classical or frequentist
statistics for which R. A. Fisher is considered to be the founding father, and Bayesian inference,
discovered by a man bearing the same name.

Statistical methods: Statistical methods are similar to a glass lens through which statisticians and other
practitioners inspect and evaluate the phenomenon of interest such as a parameter (mean, median) or a
statement about those parameters (hypotheses). The underlying mechanisms present in the population
represents reality, the sample represents a snapshot of the population, and statistical methods represent
a means of quantifying various aspects of the sample.
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Transformation: A transformation is the change in the scale of a variable. Transformations are
performed to simplify calculations, to meet specific statistical modeling assumptions, to linearize an
otherwise non-linear relation with another variable, to impose practical limitations on a variable, and to
change the characteristic shape of a probability distribution of the variable in its original scale.

Unbiased Estimator: An estimator whose expected value (namely the mean of the sampling
distribution) equals the parameter it is supposed to estimate. In general unbiased estimators are
preferred to biased estimators of population parameters. There are rare cases, however, when biased
estimators are preferred because they are much more efficient than alternative estimators.

Outlier: A single or several values which lay far outside of the center of distribution. Outliers
generally drastically effect (distort) all nonresistant statistics (e.g., mean, UCLs, UPLs) and parametric
analyses and hence, should be investigated as to their cause. Outliers are identified as such because
they "appear” to be outlying with respect to the main body of the data (dominant population). In many
cases outliers can be traced to errors in data collecting, recording, or calculation, and can be corrected
or appropriately discarded.
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APPENDIX B

POTENTIAL IMPACT OF RADIONUCLIDES
WITH SENSITIVITIES NOT MEETING AGRICULTURAL PRGS



Several of the target radioisotopes identified in Table 1.9 are associated with MDCs that do
not meet the Agricultural PRG target MDC as established by SB 990. The Agricultural PRGs
have been established to correspond to a cancer risk from soil exposure corresponding to 1 x
107, which is the lower end of the EPA target range of 1 x 107* to 1 x 107°. The effect of
analytical sensitivity greater than the MDC is to raise risk factor associated with the lowest
soil concentration that can be reliably detected and quantified. The affected analytes and the
risk level associated with the lowest MDC achievable by PASI are shown in Table B.1.

The risk associated with the best available MDC from PASI is within the EPA target risk
range of 1 x 107* to 1 x 107® for most of the isotopes where the MDC is greater than the
Agricultural PRG. There are four exceptions: carbon-14, iodine-129, lead-210, and uranium-
232.

Carbon-14: The carbon-14 Agricultural PRG is below the expected concentration of naturally
occurring carbon-14 in uncontaminated soils. The MDC proposed by PASI is higher than
those proposed by other laboratories during the subcontractor solicitation process; however,
the MDCs, and corresponding method uncertainties among the laboratories, are not
sufficiently different to have a practical impact on the ability to discriminate activity at the
level of the agricultural PRG.

Iodine-129: PASI’s proposed best MDC is comparable to the MDCs proposed by other
laboratories during the subcontractor solicitation process. PASI’s proposed method does not
correspond to promulgated method and PASI will be required to provide method validation
documentation.

Lead-210: PASI is using a promulgated method and the proposed best MDC is comparable to
the MDCs proposed by other laboratories during the subcontractor solicitation process.

Uranium-232: PASI is using a promulgated method. Although the proposed best MDC is
comparable to the MDCs proposed by other laboratories during the subcontractor solicitation
process, several of these other laboratories proposed MDCs that were slightly superior to
PASTI’s. In the case of uranium-232, the MDC proposed by PASI corresponds to a risk of 5.6
x 107*, which is only slightly above the EPA target range.

In all cases, there are constraints on the technical adjustments that can be made to lower
MDCs. Increasing counting times can provide some improvement in sensitivity; however,
sensitivity improves as a square root of the counting time under optimal conditions, and this
improvement can be even less due to sample or methodological issues. Consequently, to
achieve an improvement of an order of magnitude in sensitivity, a hundred-fold increase of
counting time would be required. Theoretically, improvements in sensitivity are directly
proportional to increases in sample quantity; however, increasing the sample quantity can have
other effects on the efficiency of the counting process. The analyses generally specify a
sample aliquot size that allows for maximum efficiency of the sample extraction and
preparation process and increasing sample aliquot size can quickly lead to diminishing returns
due to decreases in counting efficiency (for non-extractive methods such as gamma counting)
or decreases in extraction efficiency (for methods that involve extraction and chemical



purification). PASI has examined all its procedures and evaluated the effects of increased
counting times and sample aliquot size and the proposed best MDCs represent the values that

PASI believes can be reliably achieved under laboratory conditions.

Table B.1
Risk Associated with Radioisotopes with MDCs Greater than Agricultural PRGs

Isotope Ag PRG (pCi/g) Best MDC (pCi/g) Associated Risk
Americium-241 0.0132 0.05 3.8x107°
Americium-243 (+D) 0.0111 0.05 45x10°°
Carbon-14 0.0000563 10 1.8x 10"
Iodine-129 0.0000276 1.0 3.6x10°°
Iron-55 0.821 10 1.2x107°
Lead-210 (+D) 0.0000642 0.2 3.1x107°
Neptunium-237 (+D) 0.000448 0.0111 2.5x107°
Radium-226 (+D) 0.000632 0.01 1.6 x 107
Radium-228 (+D) 0.00116 0.01 8.6 x10°°
Silver-108m 0.00629 0.01 1.6x107°
Strontium-90 (+D) 0.00139 0.03 22x107°
Technetium-99 0.00557 0.1 1.8x 1077
Thorium-228 (+D) 0.0338 0.04 1.2x10°°
Thorium-229 (+D) 0.00171 0.05 29x107°
Thorium-230 0.0105 0.04 3.8x10°°
Thorium-232 0.00942 0.04 42x10°°
Uranium-232 0.00059 0.33 56x10°*
Uranium-233 0.00184 0.04 22x107°
Uranium-234 0.00187 0.04 2.1x107°
Uranium-235 0.00181 0.04 22x107°
Uranium-236 0.00198 0.04 2.0x107°
Uranium-238 0.00147 0.04 2.7x107°

(+D) = The listed for this isotope plus daughters is presented.

Risk values in bold and shaded indicates a risk number outside the EPA target range of 1 x 107 to 1 x 107°,
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1.0 INTRODUCTION AND ORGANIZATIONAL STRUCTURE
“Working tegether to protect our envirenment and improve our health”
Puace dnalytical Services Inc. - Mission Statement
Introduction to PASY

Pace Analytical Services, Inc. (PASI) is a privately held, full-service analytical testing firm operating a
nationwide system of laboratories. PASI offers extensive services beyond standard analytical {esting,
including: bioassay for aquatic toxicity, air toxics, industrial hygiene testing, explosives, high resolution mass
speciroscopy (including dioxins, furans and coplanar PCB's}, radiochemical analyses, praduct testing,
pharmaceutical tesiing, field services and maobile faboratory capabilities. PASI has implemented a consistent
Quality System in each of its laboratories and service centers. In addition, the company utilizes an advanced
data management system that is highly efficient and allows for fiexible data reporting. Together, these systems
ensure data reliability and superior on-time performance. This document defines the Quality System and
QA/QU protocols.

Our goal is to combine our expertise in laboratory operations with customized sotutions to meet the specific
needs of our customers.

Statement of Purpose

To meet the business needs of our customers for high quality, cost-effective analytical measurements and
services,

-

CGuality Policy Statement and Goals of the Quality System

The PASI management is cormmitted fo maintaining the highest possible standard of service for our
customers by following a documented quality system. The overall objective of this qualify system is to
provide reliable data through adherence to rigorous quality assurance policies and quality contrel
procedures as documented in this Quality Assurance Manual.

All personnel within the PASI network are required to be familiar with ali focets of the quality system and
implement these policies and procedures in their daily work. This datly focus on quality is applied with
initial project planning, continued through all field and laboratory activities, and is ultimately included in
the final report generation.

PASI management demonstrates its commitment to quality by providing the resources, including facilities,
equipment and personne! to ensure the adherence to these documented policies and procedures and to
promate the continuous improvement of the quality system. All PASI personnel compiy with all current
applicable state, federal, and industry standards (such as the NELAC and ISO 17023 standards).

Pace Analytical Services Core Values

s INTEGRITY

e VALUE EMPLOYEES

e  KNOW OUR CUSTOMERS

¢ HONOR COMMITMENTS

e FLEXTBLE RESPOKSE TO DEMAND
e PURSUE OFPORTUNITIES

¢ CONTINGOUSLY IMPROVE
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PASI's fundamental ethica] principles are as follows:

¢  Each PASI emplovee is responsible for the propriety and consequences of his or her actions.

®  Each PAST employee must conduct all aspects of Company business in an ethica] and strictly legal
manner, and must obey the Jaws of the United States and of all localities, states and nations where
PASI does business or secks to do business.

¢ Each PASI empioyee must reflect the highest standards of honesty, integrity and fairness on behalf of
the Company with customers, suppliers, the public, and one another.

Strict adherence by each PASI employee to this Code of Ethics and to the Standards of Cbnduct it
essential to the continued vitakity of PASI.

Failuse to comply with the Code of Ethics and Standards of Conduct will result in disciplinary action up to
and including termination and referral for civil or criminal prosecution where appropriate. An employee
will be nofified of an infraction and given an opportunity (0 explain, as prescribed under current
disciplinary procedures.

Standards of Conduct

1.1.1

.13

Data Integrity

The accuracy and integrity of the analytical results produced at PASI are the cornerstones of the
company. Lack of data integrity is an assault on our most basic values and puts PASY and its
employees at grave financial and lepal risk. Therefore, employees are to accurately prepare and
maintain ali technical records, scientific notebooks, calculations and databases. Employees are
prohibited from making false entries or misrepresentations of data (e.g., dates, calculations, results or
conclusions}.

Managerial staff must make every effort to ensure that persormel -are free from any undue pressures
that may affect the quality or integrity of their work: including commercia), financial, over-
scheduting and working condition pressures.

Confidentiality

PAST employees must not (directly or indirectly) use or disclose confidential or proprietary
information except when in connection with their duties at PASL. This is effective over the course of
empioyment and for a period of two years thereafter,

Confidential or proprietary information, belonging to either PASI and/or its custorners, includes but
1s not limited to test rasults, trads secrets, research and development matters, procedures, methods,
processes and standards, company-specific technigues and equipment, marketing and customer
information, inventions, materjals composition, etc.

Conflict of Interest

PASI employees must avoid situations that might invaive a conflict of interest or appear questionable
to others. The emplovee must be careful in two general areas;

¢ YTarticipation in activities that conflict or appear to conflict with P ASI responsibilitias.

¢ Offering or accepting anything that might influence the recipient or cause another person to
believe that the recipient may be influenced. This includes bribes, kickbacks or illegal
payments.
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Employees are not to engage in outside business or economic activity relating to a sale or purchase
by the Company. Other questionable activities include service on the Board of Directors of a
competing or supplier company, significant ownership in a competing or supplier company,
employment for a competing or supplier company or participation in any outside businéss during the
employee’s work hours.

114  Compliance

Alf employees are required to read, understand and comply with the various components of the
standards listed in this document. As confirmation that they understand this responsibility, each
employee is required to sign an acknowledgment form (either hardcopy or in electronic database)
annually (or as revisions become finatized) that becomes part of the employee’s permanent record,
Employees will be held accountable for complving with the Quality Systems as summanzead in the
Quality Assurance Manual.

Laboratory Organization

The PASI Corporate Office centralizes company-wide acconnting, business development, financial
management, human resources development, information systems, marketing, quality, safety, and training
activities. PASI's Director of Quality, Safety & Training is responsible for assisting the development,
implementation and monitoring of quality programs for the company. See Attachment IIB for the
Corporate Organizational structure.

Each laboratory within the gystem operates with local management, but al} share common systems and
receive support from the Corporate Office.

A General Manager (GM) sopervises each regional laboratory. Some operations may have an Assistant
General Manager {AGM) in situations where the General Manager is responsible for multiple laboratory
facilities and is not necessarily in the facility on a regular basts. Quality Managers (M} at each lab report
directly to their General Manager (or Assistant General Managet) but receive guidance and direction from the
Director of Quality, Safety & Training.

The General Manager bears the responsibility for the laboratory operations and serves as the final, local
authority in all matters. In the absence of the General Manager (and an Assistant General Manager), the
Quality Manager serves as the next in command. He or she assumes the responsibitities of the GM untif the
GM is available fo resame the duties of their position. In the absence of the GM and QM, management
responsibility of the laborafory is passed to the Technical Director - provided sech a position 15 identified —
and then to the most senior department manager unti! the return of the GM or QM. The most senior
deparitnent manager in charge may include the Client Services Manager or the Admimistrative Business
Manager at the discretion of the General Manager.

A Technical Director who is absent for a peried of time exceeding 13 consecutive calendar days shali
designate another fuil-time staff member meeting the qualifications of the technical director to temperarily
perform this function. The laboratory General Manager or Quality Manager has the authority to make this
designation in the event the existing Technical Director is unable to do so. If this absence exceads 65
conseculive calendar days, the primary accrediting authority shall be notified in writing.

The Quality Manager has the responsibility and authority to ensure the Quality System is implemenied and
followed at all times. In circumstances where a laboratory is not meeting the established level of quality or
following the policies set for in this Quality Assurance Manual, the Quality Manager has the authority to halt
laboratory operations should he or she deem such an action necessary, The QM will immediately
communicate the halting of operations to the GM and keep him or her posted on the progress of comective
actions. in the event the GM and QM are not in agreemett as to the need for the suspension, the Chief
Operating Officer and Director of Quality, Safety and Training will be called in to mediate the situation.
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Under the direction of the General Manager, the technical staff of the laboratory is generally organized into the
following functional groups:

e Organic Sample Preparation

# 9 A 8

Wet Chemistry Analysis
Metals Analysis
Volatiles Analysis
Semi-volatiles Analysis
Radiochemical Analysis
Product Testing

s ' Equipment Maintenance
¢ Microbiology

Appropriate support groups are present in each laboratory. The actual organizational structure for PAST —
Pittsburgh is listed in Attachment ITA. In the event of a change in General Manager, Quality Manager, o
Technical Director(s), the laboratory will notify its accrediting authorities and revise the organizational chart
in the Quality Assurance Manua} (QAM} within 30 days. For changes in Department Managers or
Supervisors or other laboratory personnel, no notifications will be sent to the iahoratory’s accrediting
agencies; changes to the organizational chart wilk be updated during or prior to the annual review process.
Changes or additions in these key personnel will also be noted by the additional signatures on the QAM Local
Approval page, In any case, the QAM will remain in effect unti! the next scheduled revision.

Laboratory Job Descriptions

1.1.5  Senior Geperal Manager

1.
3.
4.

5.

Oversees all funciions of all the operations within their designated region.

Oversees the development of local General Managers within their designated region.
Oversees and authorizes persomnel development including staffing, recruiting, training,
workload scheduling, employee retention and motivation.

Oversess the preparation of budgets and staffing plans for all operations within their
designated region.

Ensures compliance with all applicable state, federal and industry standards.

1.1.6  General Manager

L.

3.
4.

5.

Oversees zli functions of the operations.

Authorizes personnel development including staffine, recrufting, training, workload
scheduling, employee retention and motivation.

Prepares budgets and staffing plans.

Monitors the Quality Systems of the laboratory and advises the Quality Manager
accordingly.

Ensures compliance with all applicable state, federal and industry standards.

1.8.2  Assistant General Manager / Operations Manager

el .

In the absence of the GM, performs all duties as listed above for the General Manager.
Oversees the daily production and quality activities of the department,

Manages department and works with staff (o ensure department objectives are met,

Works with other departments fo ensure capacity and customer expeciations are accurateiy
understood and met.

Works with General Manager ic prepare appropriate budget and staffing plans for the
department,
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1.8.6
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6. Responsible for prioritizing personnel and production activities within the department.

7. Performs formal and informal performance reviews of departmental staff,

Quality Manager

1. Oversees the laboratory Quality Systems while functioning independently from laboratory
operations. Reports directly to the General Manager.,

2. Monitors Qualily Assurance policies and Quality Control procedures to ensure that the
laboratery achieves established standards of quality.

3. Maintains records of quality conirol data and evaluates data quality.

4, Conducts periodic internal sudits and coordinates extemal audits performed by regulatory
agencies or customer representalives.

5. Reviews and maintains records of proficiency testing results.

6. Maintains the document control system

7. Assists in development and iimplementation of appropriate training programs.

8. Provides technical suppornt to laboratory operations regarding methodology and project
QA/QC requirements.

9. Maintains certilications from federal and state programs.

10. Ensures compliance with all applicabie state, federal and industry standards.

11. Maintains the laboratory training records, including those in the Learning Management

Svstem {LMS).

Techknical Director

—h

Monitors the standards of performance in quality assurance and quality control data
Monitors the validity of analyses performed and data penerated.

Reviews tenders, contracts and QADPTs to ensure the laboratory can meet the data quality
objectives for any given project

Serves as the general manager of the laboratory in the absence of the GM, AGM and QM.
Provides technical guidance in the review, development and validation of new
methodologies.

Administrative Business Manager

Pl

10,

Responsible for financial and administrative management for the entire facility.

Provides input relative to tactical and strategic planning activitics.

Organizes fipancial information so that the facility is run as a fiscaily responsible business.
Works with staff to confirm that appropriate processes are put in place to track revenues and
expenses.

Provide ongoing financial information to the General Manager and the management team so
they can betier mnanage their business.

Utilizes historical information and trends to accurately forecast future financial positions.
Works with management to ensure that key measurements (mileposts} are put in place to be
utitized for tread analysis—this will include personnel and supply expenses, and key revenue
and expense ratios.

Works with General Manager to develop acourate budget and track on an ongoing basis,
Works with entire management team to submit compiete and justified capital budget requests
and to balance requests across departments.

Works with project management team and administrative support staff to ensure timely and
accurate invoicing,

Client Services Manager

i

Oversees all the day to day activities of the Client Services Depariment which includes
Project Management and, possibly, Sample Control.
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Responsible for staffing and ali personnel management refated issues for Client Services.
Serves as the primary senior consuitant (o customers on ali project related issues such ag set
up, initiation, execution and closure.

Performs or is capable of performing all duties listed for that of Project Manager.

Project Manager

Lh B U B s

A

e BN S

<

Coordinates daily activities including taking orders, reporting data and analytical results.
Serves as the primary technical and administrative liaison between customers and PASL
Communicates with operations staff to update and set project priorities.

Provides results to customers in the requested format (verbal, hardcopy, electronic, ete.).
Works with customers, laboratory staff, and other appropriaie PASI staff to develop project
statements of work or resolve problems of data quality.

Responsible for solicitation of work requests, assisting with proposal preparation and project
initiation with customers and maintain customer records.

Mediation of project schedules and scope of work through communication with internal
resources and managernent,

Responsible for preparing routine and non-routine quotations, reporis and technical papers.
Interfaces between custorners and management personnel to achieve customer satisfaction,
Manages larpe-scale complex projects,

Supervises less experienced project managers and provide guidance on management of
complex projects.

Arranges bottle orders end shipment of sample kits to customers.

Verifies jogin infonmation refative to preject requirements and field sample Chains-of-
Custody.

Projecf Coordinator

—

R

Responsible for preparation of project specifications and provides technical/project support,
Coordinates proiect needs with other depariment sections and assists with proposal
preparation. :
Prepares routine proposals and invoicing.

Responsible for scanning, copying, assembling and binding final reports,

Other dufies include filing, maintaining forms, procgss outgoing mail, mainiaining training
database and data entry.

Department Manager/Supervisor

—

D

Oversees the day-to-day production and quality activities of their assign department.

Ensures that quality assurance and quality control criteria of analytical methods and projects
are satisfied.

Assesses data quality and takes corrective action when necessary.

Approves and releases technical and data management reports,

Ensures compliance with all applicabie state, federal and industry standards,

Group Leader/Supervisor

I wt oy

a2

Trains analysts in laboratory operations and analyiical procedures,

Organizes and schedules analyses with consideration for sample holding times.

Implements data verification procedures by assigning data verification duties o appropriate
personnel.

Evaluates instrument performance and supervises instrumient calibration and preventive
mainienance programs.

Reports non-compliance situations 0 laboratory management including the Quality
Manager.
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1.8.1¢ Laboratory Anajyst

1.8.11

1.8.12

1.8.13

1.8.14

i.

A e b

&

Performs detailed preparation and analysis of semples according to published methods and
laboratory procedures.

Processes and evaluates raw data obtained from preparation and analysis steps.

Generates final results from raw data, performing primary review against method criteria.
Monitors quaiity contro} data associated with analysis and preparation. This includes
examination of raw data such as chromatograms as well as an inspection of reduced data,
calibration curves, and laboratory noteboaks.

Reports data in LIMS, authorizing for release pending secondary approval.

Conducts routine and non-routine maintenance of equipment as required.

Performs or is capabie of performing all duties associated with that of Laboratory
Technician,

Laboratory Technician

1. Prepares standards and reagents according to published methads or in honse procedures.

2. Performs preparation and anatytical steps for basic laboratory methods.

3. Works under the direction of z Laboratory Analyst on complex methodologies,

4. Assists Laboraiory Analysts on preparation, analytical or data reduction steps for complex
methodologies.

5. Moniiors quality control data as required or directed. This includes examination of rmw data
such as chromatograms as well as an inspection of reduced data, calibration curves, and
laboratory notebooks.

Field Technician

1. Prepares and samples according to published methods, PASE Quality Assurance Manual
andfor customer directed sampiing objectives.

2. Capable of the collection of representative environmental or process related air samples.

3. Use computer software to compile, organize, create tables, create graphics and write test
reports.

4. Reviews project documentation for completeness, method compliance and contract
filfillment.

5. Train less experienced environmentat technicians and provide guidance on satmpling and
analysis.

6. Responsible for project initiation and contact follow-up.

7. Develop sampling plans and prepare test plan docurments.

Iield Analyst

1. Analyzes ficld samples according to publisbed methods, PASI Quality Assurance Manual
and/or customer directed sampling objectives.

2. Capabie of the coliection and analysis of representative environmental or process related air
samples.

3. Proficient in a variety of analytical tests; specifically on-site gas-phase organic and inorganic
compounds by extractive fourier transform infrared spectroscopy (FTIR).

4. Train less experienced staff and provide guidance on FTIR sampling and analysis.

5. Assist in reporting tasks and project management responsibilities.

6. Perform back-up support for manager tasks such as reporting needs and custemer concems.

Sample Management Personnet

1.

Signs for incoming samples and verifies the data entered on the Chain-of-Custody forma.

Guality Assurance Manuaf
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2. Enters the sample information into the Laboratory Information Management System {LIMS)
for tracking and reporting.

3. Stages samples according to EP A requirements.

4. Assists Project Managers and Coovdinators in {illing bottle orders and sample shipments.

1.8.15 Systems Administrator or Systems Manager

Assists with the creation and maintenance of electronic data deliverables (EDDs).
Coordinates the installation and use of all hardware, software and operating systems.
Performs troubleshooting on alf aforementioned systems.

Trains new and existing users on systems and system upgrades.

Maintains al] system security passwords.

Maintains the electronic backups of all computer systems.

IO A

1.8.16  Safety/Chemical Hygiene Officer

Mainiains the laboratory Chemical Hygiene Plan,

Plans and imnplements safety policies and procedures,

Maintains safety records.

Organizes and/or performs safety training.

Performs safety inspections and provides corrective/preventative actions.
Asyists personnel with safety issues (e.g. personal protective equipment).

O B b

1.8.17 Waste Coordinator

1. Evaluates waste streams and helps io select appropriate waste transportation and disposal
comparnies,

2. Maintains compleie records of waste disposal including waste manifests and state reports.

3. Assists in training personnel on waste-related issucs such as waste handling and storage,
waste container labeling, proper satellite accnmulation, secondary containment, ete.

4. Conducis a weekly inspection of the waste storage areas of the Iab,

Training and Grientation

Fach new employee receives a five part orfentation: human resources, ethics and data integrity, safety, Quality
Systems, and departmental.

T'he human resources orientation includes benefits, salary, and company policies. All records are stored with
Human Resources.

The ethics and data integrity training covers the obligations of each employee to ensure the defensibility of
faboratory data. Employees are provided with general policies related to ethics in the laboratory and specific
exuamples of improper practices that are unacceptable i any PASI facility. The employee is trained to make
the right decigions with regards to laboratory practices and where to go for answers in circumstances where
they may be unclear as to the correct protocol.

The safety orientation includes an in-depth review of the PASI Chemical Hygiene Plan/Safety Ptan, which are
congistent with the requirements of OSHA's Hazard Comnunication Program (29 CFR 1910.1200) and other
pertinent regulations,

The Quality Systems orienfation provides the new employee with information through an introduction fo the
Quality Assurance Manual and SOPs, acceptable record keeping practices, and the individual’s respongibility
1o data quality. Quality Systems training is reinforced with the new employee as specific topics are covered
during the departmental or analytical method tratning, Quality Systems training will address policies and
practices that ensure the quality and defensibility of the analytical data, These topics include but are not
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limited to traceability of measurements, method calibration, calibration verification, accuracy, precigion and
uncertainty of measurements, corrective actions, documentation and root cause analysis.

The new employee's Department Supervisor provides the employee with a basic understanding of the role of
the laboratory within the structure of PAST and the basic elements of that individual's position.

Supervised training uses the following techniques:

e  Hands-on training

¢ Training checklists

e Lectures and training sessions

e Method-specific training

Conferences and seminars

Short courses

Specialized training by instrument manufacturers
Proficiency testing programs.

s 2 ®

Group Supervisors/Leaders are responsible for providing documentation of training and proficiency for each
employee under their supervision. The employee’s tratning file indicates what procedures an analyst or &
technician is capable of performing, either independently or with supervision. The files also include
documentation of continuing capability (see Section 3.4 for details on Demonstration of Capability
requirerents). Training documentation files for each person are meintained by the Quality Office either in
hardcopy format or within the Leaming Management System (1L.MS},

All procedwes and training records are maintained and available for review during laboratory audits, These
procedures are reviewed/updated periodically by lab management. Additional mformation can be found in
SOPPGH-C-002 Traiing of Labaeratory Personnel or its equivalent revision or replacement.

Laboratory Safety

It is the policy of PASI to make safety and health an integral part of daily operations and to ensure that all
employees are provided with safe working conditions, personal protective equipment, and requisite
training to do their work withouwt injury. Each employee is responsible for his/her own safety by
complying with established company rules and procedures. These rules and procedures as well as a more
detailed description of the employees’ responsibilities are contained in the corporate Safety Manual and
Chemical Hygiene Plan. '

Security and Confidentiality

Security is maintained by controlled access to faboratory buildings. Exterior doors to laboratory buildings
remain either locked or continucusly monitored by PASI siaff. Posted signs direct visitors to the reception
office and mark all other areas as off limits to unauthorized personnel. All visitors to the facility must sign the
Visitor’s Loghook maintained by the receptionist. A staff member will accompany them during the duration of
their stay on the premises unless the GM, QM or TD specify otherwise, In this insiance, the staff member will
escort the visitor back to the recepltion area at the end of his/her visit where hefshe signs out. The Jast staff
member to leave their department for the day should ensure that all outside access points to that area are
secure.

Additional security is provided where necessary, e.g., specific secure areas for sample, data and customer
report storage, as requested by customers or cases where national security is of concem. These arcas are
lockable within the facilities, or are in secure offsite storage. Access is limited to specific individuals or their
designees, Security of sample storage areas is the responsibility of the Sample Custodian. Security of samnples
and data during analysis and data reduction is the responsibility of Group Supervisors, Security of customer
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repott archives is the responsibility of the Client Services Manager. These socure arcas are locked whenever
these individuals or their designees are rot present in the faciity.

Access fo designated laboratory sample storage locations is limited to authorized personnel only. Provisions
for lock and key access are provided. No samples are 0 be removed without proper authorization. If
requested by customer or contract, samples are not to be removed from secure storage areas without filling oot
the associated internal Chain-of-Custody records.

Standard business practices of confidentiality are applied t all documents and information regarding customer
analyses. Specific protocols for handling confidential documents are described in PASI SOPs. Additional
protocols for internal identification of samples and data by number only are implemented as required under
contract specific Quality Assurance Project Plans {QAPPs). :

Al information pertaining to a particolar customer, including national security concerns will remain.
confidential. Data will be released to outside agencies only with written anthorization from the customer or
where federal or stafe law requires the company to do so (i.e. federal or state subpoena).



2.1

2.2

2.3

Quality Assurance Manual

CEA”&MIC&/ ) Revision: 12.0

Page 15 of 75

2.0 SAMPLE CUSTODY
Sampling Support
Each individual PASI laboratory provides shipping containers, semple containers (including appiicable

chemical preservatives), custody documents, and field quality control samples (c.g., trip blanks) to support
ficld-sampling events. Guidelines for sample container types, preservatives, and holding times for a

variety of methods are listed in Attachment VIII. Note that all analyses listed are not necessarily

performed at all PAS] and there may be additional laboratory analyses performed that are not included in
these fables. PASI - Pittsburgh may provide pick-up and delivery services to their customers when
needed.

Any sampling activities conducted by laboratory field personnel are conducted with the expectation that
they will be made for routine monitoring purposes, unless specifically stated to the contrary prior to the
field investigation. Therefore, the use of proper sampling procedures cannot be overemphasized. The
collection of representative samples depends upon:

s Dnsuring that the sampies taken are representative of the material or medimm being

sampled;

+  Using proper sampimg, sample handling, preservation, and quality control
techniques;

e  Propesly identifying the collected samples and documenting their collection in field
records;

s Maintaining sample chain-of-cugtody; and
¢ Protecting the collected samples by properly packing and transporting them ta the
laboratory for analysis.

Field Services Divisien
Pace Analytical has a larpe Field Services Division which is based in their Minneapolis facility as well as

limited field service capabilities in some of the other facifities, Field Services provides comprehensive
nationwide service offerings including;

® Stack Testing

® Ambient Ajr

© CEM Certification Testing

- Air Quality Monitoring

e Onsite Analvtical Services- FTIR and GC

Reai-time Process Diagnostic/Optimization Testing

® Wastewater, Groundwater and Drinking Water Monitoring
. Storm water and Surface Water Monitoring

® Soil and Waste Sampling

e Mobiie Laboratory Services

The Field Services Division operates under the PAST Corporate Quality System, with applicable and
necessary provisions to address the activities, methods, and goals specific to Field Services for a unit
specific Quality Program. All procedures and methods used by Field Services are documenied in
Standard Operating Proceduras and Procedure Manuals.

Project Initiation

Prior to accepting new work, the laboratory reviews performance capability. The laboratory establishes
that sufficient resources (personnel, equipment capacity, analytical method capabiiity, etc.} are available
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to complete the required work. The customer needs and data quality objectives are defined and
appropriate environmental test methods are assured to meet customer’s requirements by project managers
or sales representative. Project Managers review laboratory certifications. Members of the management
staff review current instrument capacity, persenne] availability and training, analytical procedures
capability and projected sample load. Management then informs the sales and client services personnel
whether or not the laboratery can accept the new project via written cotrespondence, email, and/or daily
operations meetings.

The Jaboratory maintains records of all such reviews, including discussions with customers. Routine
analyiical project documsntation of guodes, notes, dates, initials and/or recordings is maintained in a
project folder by project management. Conditions for new and more complex contracts are determined by
the General Managers and sales representatives. Quality Management is consulted on technical
requirements and operations stafl provides input on volume capacities. Evidence of these reviews is
maintained in the form of awarded Request for Proposals (RFPs), signed quotes or contracts, and a
Customer Relationship Management {CRM) database. If a review identifies a potential mismatch between
customer requirements and laboratory capabilities andior capacitics, Pace will specify its level of
commitment by listing these exceptions to the reguirements within the RFP, quote or contract,

Additional information regarding specifiec procedures for reviewing new work requests can be found in
SOP S-ALL-Q-006 Review of Analytical Requests or it equivalent revision or replacement,

Chain-Of-Custody

A chain-of-custody (COCY} (see Attachment VII) document provides the legal documentation of samples
from time of collection to completion of analysis. Importance is siressed on completeness of COCs.
PASI has implemented Standard Operating Procedures to ensure that sample custody traceability and
responsibility objectives are achicved for every project.

Field personnel or client representatives complete a chain-of-custody form for all samples. Samples are
received by the laboratory accompanied by these forms.

If sample shipments are not accompanied by the correct documentation, the Sample Receiving department
notifies a Project Manager. The Project Manager then obfains the comect documentation/information from the
customer in order for analysis of samples to proceed.

The sampler is responsible for providing the following information on the chain-of-custody form:

e  Customer project name

s Project location or number

e  Field sample number/identification

e Date and time sampled

¢ Sample type (matrix)

o Preservative

e  Requested analyses

s Sampler signature

#  Relinquishing signatare

e Date and time relinguished

¢ Sampier remarks (if applicable)

s Cusicdy Seal Number (if applicable}
e  Regulatory Program Designation

e  The state where the samples were collected to ensure all applivabie state requirements are met
e  Turnaround fime requested

¢  Purchase order number

Quality Assarance Manuai
Revision: 12,0
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The record is filled out completely and legibly with indelible ink. Errors are corrected by drawing a single line
through the inftial entry and initialing and dating the change. Al transfers of samples are recorded on the
chain-of-custody in the “relinquished” and “received by” sections. All information except signatures is
printed.

Additional information can be found in SOP PGH-C-001 Sampie Management or its equivalent revision
or replacement.

Sample Acceptance Policy

In accordance with regulatory guidelines, PASI compiies with the following sample acceptance policy for
all samples received.

1f the samples do not meet the sample receipt acoeptance criteria outlined below, the laboratory is required
to document all non-compliances, contact the customer, and either reject the samples or fully document
awy decisions to proceed with analyses of samples which de not meet the ¢riteria. Any resulis reporied
from samples not meeting these criteria ars appropriately qualified on the {inal report.

Al samples must:

¢ Have unique customer identification that are clearly marked with durabie waterproof 1abeis on the
sampie containers and that match the chain of custody.

e  Have clear documentation on the chain of custody refated to the Jocation of the sampling site with the
time and date of sample collection.

e  Have the sampler’s name and signature

»  Have the requested analyses clearly marked

e Have clear documentation of any special analysis requirements (data deliverables, ete.);

= Be in appropriate sample containers with clear documentation of the preservatives used.

e  Be correctly preserved unless method allows for laboratory preservation.

e Be received within holding time. Any samples with hold times that are exceeded will not be
processed without prior customer permission, )

s Have sufficient sample volume to proceed with the analyticel testing. If insufficient sample volume is
received, analysis will not proceed without customer approval,

»  Bereceived within appropriate temperature ranges - not frozen but , unless program
requirements or customer comtractua) obligations mandate otherwise . The cooler temperature
is recorded directly on the COC and the SCUR. Samples that are delivered to the lab immediately
after coilection are considered acceptable if there is evidence that the chilling process has been
started, for example by the arrival of the samples on ice. If samples mitive that are not compliant with
these temperature requirements, the customer will be notified. The analysis will NOT proceed unjess
otherwise directed by the customer. If iess than 72 hours remain in the hold time for the analysis, the
analysis may be started while the customer is contacted to avoid missing the hold time. Data will be
appropriately qualified on the final report,

={( {See Mowe 1)
{see Noto 2}

Note I: Temperature wiil be read and recorded based on the precision of the measuring device. For
exampie, temperatures obtained from a thermometer graduated to 0.1°C will be read and recorded to
+(.1°C. Measuremenis obtained from a thermometer graduated to 0.5°C will be read to £0.5°C,
Measurements read at the specified precision are not to be rounded down to mest the =6°C limit (i.e.
6.2°C rounded and recorded as 6°C).

Note 2: Some microbiclogy methods allow sample receipt temperatures of up to 10°C. Consult the
specific method for microbiclogy samples received above 6°C prior to initiating corrective action for
out of temperature preservation conditions.
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Upon sample receipt, the following items are also checked and recorded:

¢ Presence of custody seals or tapes on the shipping containers
e  Sample condition: Intact, broken/leaking

e  Sample holding tims

@ Sampie pH when required

¢  Appropriate containers

Samples for drinking water analysis that are improperly preserved, or are received past holding time, are
rejected at the time of receipt, with the exception of VOA samples that are tested for pH at the time of
analysis. ‘

Additiona! information can be found in SOPPGH-C-001 Sample Management or its equivalent revision
or replacement.

Sample Log-in

After sample mspection, atl sample information on the chain-of-custody is entered into the Laboratory
Information Management System (LIMS}.

This permanent record documents receipt of all sample containers including:

e  Customer name and comntact

e  Customer number

e  Pace Analytical project number
e  Pace Analytical Project Manager
e  Ssmple descriptions

e Due dates

e  List of analyses requested

e  Date and time of lab receipt

s Field ID code

= Date and #ime of coilection

s Any comments resulting from inspection for sample rejection

All samples received are logged into the LIMS system within one working day of receipt. Sample login may
be delayed due to customer clarification of analysis needed, corrective actions for sample receipt non-
conformance, or other unusual circumstances. If the time collected for any sample is unspecified and Pace is
unable tc obtain this information from the customer, the iaboratory will use 08:00 as the time sampled. All
hold times will be based on this sampling time and qualified accordingly if exceeded.

The Laboratory Information Management System (EPIC Pro} automatically generates a unique identification
number for each sample created in the system, The LIMS sample number follows the general convention of
BB-XXXXX-YYY. The BB represents the laboratory identification within Pace’s laboratory network. The 3
digit “X* number represents the project number followed by a 3 digit sample number, The project number is
a sequential number that is assigned as a new project is created, The sampie number corresponds to the
number of sampies submitied by the client. I addition to the unigue sample I, there is a sample container
ID that consists of the sample number, the container type (ex. BP1U}, and botle 1 of Y, where Y reprasent
the total number of containers of that particutar type. Together the sample LIMs number and sampie
container ID number create a unique barcode encryption that can be linked to the sample analysis requested
by the client. This upique identification nmumber is placed on the sample container as a durabie labet and
becomes the link between the laboratory’s sample management systen: and the client’s field identification; it
will be & permanent reference number for all future interactions.

Sample lnbels are printed from the LIMS system and affixed to each sample container.
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Samples with hold fimes that are near expiration date/time may be sent directly to the laboratory for analtysis
at the discretion of the Project Manager and/or General Manager, '

Additional information can be found in SOP PGH-C-001 Sample Management or its equivalent revision
or replacement, -

Sample Storage

271

272

1.7.3

2.7.4

Storage Conditions

Samples are stored away from all standards, reagents, or other potential scurces of
contemination. Samples are stored in a manaer that prevents cross-contamination (e.g. volatile
samples are stored separate from other sampies). All sampie fractions, extracts, leachates and
other sample preparation products are stored in the same manner as actual samples or as
specified by the analytical method.

Temperatare Monitoring

Samples are taken to the appropriate storage location {ambient, refrigerator, freezer) immediately

‘after sample receipt and check-in procedures are completed. Al sample storage areas are Jocated

in limited access areas and are moaitored to ensure sample integrity.

The temperature of each refrigerated storage area is maintained at =6"C unless state or program
requirements differ, The temperature of @ach freezer storage area is maintined at < - 10°C
unless state or program requirements differ. The temperature of each storage area is monitored
and recorded each workday. If the temperature falls cutside the acceptable limits, the following
corrective actions are taken and appropriately documented:

e The temperature is rechecked after two hours to verify temperature exceedance. Corrective
action is initiated if necessary.

&  The Quality Manager and/or laboratory management are notified if the problem persists.

e The samples are relocated to a proper environment if the temperature cannot be maintained
after corrective actions are implemented.

e The affected customers are notified.

¢ Documentation is provided on analytical report.
Hazardous Materials

Pure product or potentially heavily contaminated samples are tagged as "hazardous” or "lab
pack” and are stored separately from other samples.

Foreign/Quarantined Soils
Depending on the soi disposal practices of the laboratory, foreign soils znd soils from USDA

regulated areas are segregated. The USDA requires these samples to be incinerated or sterilized
by an approved treatment procedure.

Additiona! information can be found in SOP PGH-C-001 Sample Management or its equivalent revision
or replacement.
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Sample Protection

PASI laboratory faciiities are operated under controlied access to ensure sample and data integrity.
Visitors must register at the front desk and be properly escorted.

Samples are removed from storage arsas by designated personnel and returned to the storage areas, if
necessary, immediately after the required sample quantity has been taken.

Upon customer request, additional and more rigorous chain of custody protocols for samples and data can
be implemented. For exampie, some projects may require complste documentation of sample custody
within the secure laboratory.

Additional information can be found in SOPPGH-C-001 Sample Management or its equivalent revision
or replacement.

Subcontracting Analytical Services

Every effert is made to perform chemical analyses for PASI customers within the taboratory that receives the
sampies. When subcontracting to a laboratory other than the receiving Jaboratory (inside or outside the PASE
network) becomes necessary, a preliminary verbal communication with an appropriate laboratory is
undertaken. Customers are notified in writing of the Isb’s infention to subcontract any portion of the testing to
another laboratory, Work performed under specific protocols may invelve special consideraticns.

Prior to subcontracting sampies to a laboratory cutside Pace Analytical, the potential sub-contract laboratory
will be pre~qualified by verifying that the subcontractor meets the following criteria:

o All certifications required for the proposed subcontract are in effect,

s Sufficient professionat liability and other required insurance coverage is in effect, and

s Isnotinvolved in legal action by any federal, state, or local government agency for data infegrity issues
and has not been convicted in such investigation at any time during the past 5 years.

Additiona! information can be found in SOP S-ALL-Q-027 Evaluation & Qualification of Vendors or its
equivalent revision or replacetient, The contact and preliminary arrangements are made between the PAS]
Project Manager and the appropriate subcontract Iaboratory persennel. The specific terms of the subcontract
laboratory agreement include; '

e Method of analysis

e Number and type of samples expected
s Project specific QA/QC requirenients
Deliverables required

Laboratory certification requirement
Price per analysis

e  Turnaround fime requirements

a 2

Chain-of-custody forms are generated for samples requiring subcontracting to other laboratories. Sample
receiving personnel re-package the samples for shipment, create a transfer chain-of-custody form and
record the foilowing information:

s Pace Analytical Laboratory Number

e Matrix

e  Reguesied analysis )

s  Special instructions (quick turn-around, required defection or reporting limits, unusual information known
about the samples or analytical procedurs),

s Signature in "Relinquished By"
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Al subcontracted sample data reports are sent to the PAST Project Manager.

Any Pace Anzlyfical wark sent to other labs within the PASI network is handled as subcontracted work (also
known as inter-regional) 2nd all final reports are labeled clearly with the name of the laboratory performing
the work. Any non-NELAC work is clearly identified. PASI will not be responsibie for analytical data if the
subcontract laboratory was designated by the customer,

Additional information can be found in SOP S8-ALL-Q-017 Subeontracting Samples or its equivalent
revision or replacement,

Sample Retention and Disposal

Samples (and sample by-products) must be retained by the Taberatory for 2 period of time necessary ta
protect the integrity of the sample or sample by-product (e.g. method holding time) and to protect the
interests of the laboratory and the customer,

Unused portions of samples are retained by each laboratory based on program or customer requiremeits
for sampie retention and storage. The sample retention $ime is a minimum of 43 days from receipt of the
samples. Samples requiring storage beyond this time due to special requests or contractual obligations
will not be stored under temperature controiled conditions uniess the {aboratory has sufficient capacity and
thetr presence does not compromise the integrity of other sampies.

After this pericd expires, non-hazardous samples are properiy disposed of as non-hazardous waste.

The preferred method for disposition of hazardous samples is to return the excess sampie o the customer. If
it is not Teasible to return samples, or the customer requires PAST to dispose of excess sampies, PAST will
arrange for proper disposal by an approved contractor.

Additiona! information can be found in PGH-C-017 Waste Mansgement and Pisposal and PGI-C-001
Sampie Management or their equivalent revisions or replacements.
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3.0 ANALYTICAL CAPABILITIES
Analytical Method Sources

PAST laboratories are capable of analyzing a fuli range of environmenta! samples from a variety of matrices,
including air, surface water, wastewater, groundwater, soil, sediment, biota, and other waste products, The
latest valid editions of methodologies are applied from regulatory and professional sources including EPA,
ASTM, USGS, NIOSH, and State Agencies, Section 11 of this manual is a representative Hsting of general
analytical protocol references, PASI discloses in writing to its customers and regulatory agencies any
instances in which modified methods are being used in the anatysis of sampies.

I the event of a customer-specific nzed, instrumentation constraint or regulatory requirement, PASIT
laboratories reserve the right to use valid versions of methods that may nat be the most recent edition
available.

Analytical Method Documentation

The primary forin of documentation of analytical methods is the Standard Operating Procedure {SOP).
SOPs contain perfinent information as to what steps are required by an analyst to successfully perform a
procedure. The required contents for the SOPs are specified in the company-wide SOP for Preparation of
SOPs (S-ALL-Q-001).

The 50Ps may be supplemented by other training materials that further detail how methods are
specifically performed. Tlus training material will undergo periodic, documented review aiong with the
other Quality System docutnentation,

Analytical Method Validation

In some situations, PASI develops and validates methodologies that may he more applicable to a specific
problem or objective. When non-standard methods (e.g. methods other than EPA, NIOSH, ASTM, ACAC,
etc. ) are required for specific projects or anatytes of interest, or when the laboratory develops a method, or
modifies a standard methed, the Jaboratory validates the method prior to applying it to customer samples.
Method validity is established by meeting crigeria for precision and accuracy as established by the data quatity
objectives specified by the end user of the data. The laboratory records the validation procedure, the results
obtined and a statement as to the usability of the method. The minimom requirements for method validation
mchude determination of the limit of detection and Iimit of quantitation, evaluation of precision and bias, and
evaluation of selectivity of each analyte of interest.

Demonsiration of Capability (DOC)

Analysts complete an initial demonstration of capabitity (IDOC) study prior to performing a method or
when there is a change in instrument type, persomne! or test method {when a defined *wark cel!’ is in
operation, the entire work cell must meet the criteria). The mean recovery and standard deviation of each
analyte, taken from 4 replicates of a quality control standard is calculated and compared to method criteria
{if available} or established !ab criteria for evalnation of acceptance. Each laboratory maintains copies of
all demonstrations of capability and corresponding raw data for future reference and must document the
acceptance criteria prior tothe analysis of the DOC. Demonstrations of capability are verified on an
annual basis,

Alternative demonstration of capability procedures may be used for IDOC for methods that don’t {end
themselves to the “4 replicate”™ approach. For methods thaet only measure pracision, the precision of four
Iaboratory duplicate pairs will be assessed. The relative percent differences must be within the method
acceptance limits. For procedures like TCLP or SPLF, the analyst will demonsirate making the buffered
solution and performing the tumbling process. The trainer or supervisor will sign-off on demenstration of
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capability of the tumbling process. Additional demonstration of capability options will be specified in
Section 14 — Method Performance of the applicable method SQP,

For Continuing Demonstrations of Capability, the laboratories may use Performance Testing (PT) samples
or any of the approaches utilized for IDOCs. For methods or procedures that do not lend themselves fo
the “4 replicate” approach, the demonstration of capability requirements will be specified in Section 14 ~
Method Performance of the applicable SOP. i

Regulatory and Method Compliance

PAST understands that expectations of our customers commonly inchede the assumption that lahoratory data
will satisfy specific regulatory requirements. Therefore PASI attempts to ascertain, prior to beginning a
project, what applicable regulatory jurisdiction, agency, or protacols apply to that project. This
information is also required on the Chain-of-Custody submitted with samples.

PAST makes every effort to detect regulatory or project plan inconsistencies, based upon information from the
customer, and commumnicate thern imemediately to the customer in order to aid in the decision-making process.
PASI will not be liable if the customer chooses not to follow PASI recommendations.

It is PASI policy to disclose in a forthright manner any detected noncompliance affecting the usability of data
produced by our laboraories. The laboratory will notify custorners within 30 days of fulty characterizing the
nature of the nonconformance, the scope of the nonconformance and the impact it may have on data usability,
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4.0 QUALITY CONTROL PROCEDURES

4.1 Dats Integrity System

The data integrity system at PAST provides assurances to management that a highly ethical approach is being
applied to all planning, training and implementation of methods. Data integrity is crucial to the success of our
company and Pace Analytical is committed to providing a culture of quality throughout the organization. To
accomplish this goal, PASI has implemented a data mfegrity system that encompasses the following four

requirements;

1. A data integrity {raining program: Standardized trafning is given to sach new emplevee and a yearly
reffesher s presented to all employees, Key topics within this training include:
o Need for honesty in analytical reporting
& Process for reporting data infegnty issties
o  Specific exampies of unethical behavior and improper practices
o  Documentation of non-conforming data that is still usefu) to the data user
o Consequences and punishments for unethical behavior
o Examples of monitoring devices used by management to review data and systems

2, Signed data integrity documentation for all employees: This includes a quiz following the Ethics training
session and wriften agreement to abide by the Code of Ethics and Standards of Conduct explained in the
employee manual The quiz along with the employee’s electronic signature of agreement are maintined
within the Leaming Management System.

3. In-depth, periodic monitoring of data integrity: Including peer data review and validation, internal data
audits, proficiency festing studies, etc,

4. Documentation of any review or investigation into possible data integrity infractions. This
documentation, including any disciplinary actions involved, corrective actions taken, and notifications to
customers must be available for review for lab assessors and must be retained for a mintmum of five

years.

PASI management makes every effort to ensure that personnel are free from any undue pressures that affact
the quality of their work including commercial, financiai, ever-scheduling, and working condition pressures.

Corporate management also provides all PASI facilities a mechanism for confidential reporting of data
infegrity issues that ensures confidentiality and a receptive environment in which all employees are
comiortable discussing items of ethical concern. The anonymous message line is monitored by the Corporaie
Director of Quaity, Safety and Training who will ensure that all concemns are evaluated and, where necessary,
bronght o the attention of executive management and investipated. The message line voice mail box is

available af 612-607-6427.

4.2 Methad Blank

A method blank is used to evaluate contamination in the preparation/analysis systemt. The method blank
is processed through all preparation and analytical steps with its associated samples.

A method blank is processed at 8 minimum frequency of 1 per preparation baich. In the case of a method
that has no separate preparation step (e.g. volatiles), 2 method blank is processed with no more than 20
samples of a gpecific matrix performed by the same analyst, in the same method, using the same standards

or reagents.

The method blank consists of a matrix similar to the associated samples that is known fo be free of the
analytes of interest. Laboratories will characterize a representative matrix as “clean” if the matrix
contains contaminants at less than 14 the laboratory’s reporting limit.

Each method blank is evaluated for contamination. The source of any contamination is investigated end
documented corrsctive action is taken when the conceniration of any target analyte is detected above the
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reporting limit and is greater than 1/10 of the amount of that analyte found in any associated sample.
Corrective actions include the re-preparation and re-anatysis of all the sampies (where possible} along
with the full set of required quality control sampies. Data qualifiers must be applied to any resuit reported
that is associated with a contaminated method blank.

Deviations made from this policy must be approved by the Quality Manager prior to release of the data.
Laboratory Control Sample

The Laboratory Controt Sample (LCS} is used to evaiuate the performance of the entire analytical system
including preparation and analysis,

An LCS is processed at a miniimum frequency of 1 per preparation batch. In the case of a method that has
no separale preparation step (e.g, volatiles), an LCS will be processed with no more than 20 samples of a
specific matrix performed by the same anaiyst, in the same methed, vsing the same standards or reagents.

The L.CS consists of a matrix simiiar to the associated samples that is known to be free of the analytes of
interest that is then spiked with known concentrations of target analytes.

The LCS contains all analytes specified by a specific method or by the customer or regulatory agency
{which may include full list of target compounds, with certain exceptions. These exceptions may include
analyzing only specific Aroclors when PCB analysis is requested or not spiking with all EPA Appendix
compounds when a full Appendix lst of compounds is requested). In the absence of specified
componeats, the lab will spike with the following compounds: '

=  For mujti-peak anatytes (e.g. PCBs, technical ¢hlordane, toxaphene), a representative
standard wit] be processed.
¢  For methods with long lists of analytes, a representative number of target analytes may be
chosen. The following criteria is used to determine the number of LCS compounds used:
o For methods with 1-10 target compounds, the lab wil] spike with all compounds
o For methods with 11-20 target compounds, the lab will spike with at lsast 10
compounds or 80%, whichever is greater
o  For methods with greater than 20 compounds, the lab will spike with at least [ 6
compounds.

The 1L.CS is evaluated against the method defauit or laboratory-derived acceptance criteria. Method
defauit coniro] limits will be used until the laboratory has a minimum of 20 (preferably greater than 30}
data peints from which to derive internal criteria. Any compound that is autside of these linits is
considered fo be ‘out of control’ and must be qualified appropriately. Any associated sampie containing
an ‘out-of-contral” compeund must either be re-analyzed with a successful LCS or reported with the
appropriate data qualifier. '

For LCSs containing a iarge number of analytes, it is statistically Iikely that a faw recoveries will be
outside of controf limits. This does not necessarily mean that the system is out of controd, and therefore no
carrective action would be necessary {sxcept for proper documentation). NELAC has allowed for
minimum number of marginal exceedances, defined 2s recoveries that are beyond the LCS control limits
(3X the standard deviation) but less than the marginal excesdance limits (4X the standard deviation). The
number of allowabie exceedances depends on the number of compounds in the LCS. If more analyte
recoveries exceed the LCR controd Himits than is allowed (see below) or if any one analyte exceeds the
marginal exceedance }imits, then the LCS is considered non-compliant and corrective actions are
necessary, The number of allowable exceedances is as follows:

e >90 analytes in the LCS- 3 analytes
e 71.90 analytes in the LCS- 4 analyies
e 51.70 apalytes in the LCS- 3 analytes
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e 31-50 analytes in the LCS- 2 analytes
e 11-30 analvtes in the LCS- 1 analyte
e <lI analytes in the LCS- no anelytes allowed out)

A matrix spike (MS) cen be used in place of a non-compliznt LCS in a batch as lang as the MS passes the
L.CS acceptance criteria (this is a NELAC allowance), When this happens, full documentation must be
made available to the data user. If this is not allowed by a customer or repulatory body, the associafed
samples must be rerun with a compliant LCS (if possible) or reported with appropriate data qualifiers.

Deviations made from this policy must be approved by the Quality Manager prior to release of the data.
Matrix Spike/Matrix Spike Duplicate (MS/MSD)

A matrix spike (MS) is used to determine the effect of the sample matrix on compound recovery for a
particufar method. The information from these spikes is sampie or matrix specific and is not used to
determine the acceptance of an entire batch (see LCS).

A Matrix Spike/Matrix Spike Duplicate (MS/MSD) set is processed at & frequency specified in a
particuiar method or as defermined by a specific customer. This frequency will be specified in the
applicable method SOP or customer QAPP. In the absence of such requirements, an MS/MSD set is
routinely analyzed once per every 20 samples per general matrix (i.e. soil, water, biota, 2tc.) per method.

The MS and MSD congist of the sample matrix that is then spiked with known concentrations of target
analytes. Lab personnel spike customer samples that are specifically designated as MS/MSD samples or,
when no designated sampies are present in a batch, randomly select samples to spike that have adequate
sample volume or weight, Spiked samples are prepared and analyzed in the same manner as the original
sarnples and are selected from different customers if possible.

The MS and MSD contain ail analytes specified by a specific method or by the customer or regalatory
agency. In the absence of specified components, the lab will spike with the same number of compounds
ag previousty discussed in the LCS section,

The M5 and MSD are evaluated against the method or laboratory-derived criteria. "Any compound that is
outside of thess limits is considered to be ‘ouf of control® and must be qualified appropriately. Batch
acceplance, however, Is based on method blank and LCS performance, not on MS/MSD recoveries. The
spike recoveries give the data user a better understanding of the fina? results based on their site-specific
information.

A matrix spike and sample duplicate will be performed instead of 2 matrix spike and matrix spike
duplicate when specified by the customer or method.

Deviations made from this policy nmst be approved by the Quality Manager prior to release of the data.

Surrogates

Surrogates are compounds that reflect the chemistry of target analytes and are typically added to samples
for organic analyses to moniter the effect of the sample matrix on compound recovery.

Surrogates are added 10 each customer sample (for organics), method blank, LCS and MS prior to
extraction or analysis. The surrogates are evaluated against the method or laboratory-derived acceptance
criferia. Any surrogate compound that is outside of these limits is considered to be ‘out of control” and
must e qualified appropriately. Samples with surrogate fajlures are typicalty re-extracted and/or re-
analyzed to confirm that the out-of-control value was caused by the matrix of the sample and not by some
other systematic error, An exception to this wauld be samples that have high surrogate values but no
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reportable hits for target compounds. These samples would be reported, with a qualifier, because the
implied high bias would not affect the final results.

Deviations made from this policy must be approved by the Quality Manager prior to refease of the data.
Sample Duplicate

A sample duplicate is a second portion of sample that is prepared and analyzed in the laboratory along
with the first portion. It is used to measure the precision associated with preparation and analysis, A
sampie duplicate is processed at a frequency specified by the particular method or as detenmined by &
specific customer.

The sample and duplicats are evaluated apainst the method or laboratory-derived eriteria for relative
percent difference (RPD). Any duplicate that is ouiside of these limits is considered to be ‘out of control’
and must be qualified appropriately.

Deviations made from this policy must be approved by the Quality Manager prior to release of the data,
Internal Standards

Internal Standards are method-specific analytes added to every standard, method blank, {faboratory control
sample, matrix spike, matrix spike dupficate, and sampie at a known concentration, prior to analysis for
the purpose of adjusting the response factor used in quantifying target analytes. At 2 minimum, the
laboratory will follow methed specific guidelines for the treattnent of internal standard recoveries as they
are related to the reporting of data.

Deviations made from this policy must be approved by the Quality Manager prior to reiease of the data,
Field Blanks

Field blanks are blanks prepared at the sampling site in order to monitor for contamination that may be
present in the environment where samples are collected. These ficid quality contro} samples are often
referenced as field blanks, rinseate blanks, or equipment blanks, The lab analyzes these field blanks as
normal samples and informs the customer if there are any target compounds detected above the reporting
fimit.

Trip Blanks

Trip blanks are blanks that oripinate from the laboratory as part of the sampling event and are used to
monitor for contamination of sampies during transport. These blanks accompany the empty sampie

containers io the field and then accompany the collected samples back to the lab. These blanks are
routinely analyzed for volatile methods where ambient background contamination is Hikely to oceur.

Limit of Detection (LOD)

PAST faboratories are required to use a documented procedure to determine a limit of detection (LOD) for
each analyte of concern in each matrix reported. All sample-processing steps of the preparation and
anaiytical methods are included in this determination. For any test that does not have a valid LOD,

sample results below the limit of quantitation (LOQ) cannot be reported,

The LOD is initially established for the compounds of interest for each method in 2 clean matrix with no

- target analytes present and no interferences at & concentration that would impact the resufts. The LOD i

then determined every time there is a change in the test method that affects how the test is performed or
when there has been a change in the instrument that affecis the sensitivity, If required by customer,
method or acereditation body, the LOD will be re~established annually for all applicable methods.
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Unless otherwise noted, the method used by PASI laboratories to determine LODs is based on the Methad
Detection Limit (MDL) procedure outfined in 40 CFR Part 136, Appendix B. Where required by
reguiatory program or customer, the above referenced procedure will be followed.

Where specifically stated in the published method, LODs (or MDLs) will be performed at the Hsted
frequency.

The validity of the LOD must be verified by detection (a value greater than zero) of the analytes in a QC
sample in each quality system matrix. The QC sample must contain the analyte al no more than 3X the
LOD for & single analyte test and 4X the LOD for multiple analyte tests. This verification must be
performed on each instrusnent used for sample analysis and reporting of data. The validity of the LOD
must be verified as part of the LOD determination process. This verification must be done prior to the use
of the LOD for sample analysis,

An LOD stody is not required for any analyte for which spiking solutions or quality control samples are
not available (e.g. tethperature).

The LOD, if required, shall be verified annually for each quality system matrix, technology and apalyte,
In ligu of performing full LOD (MDL) studies annually, the lab can verify the LOD {MDL) on an annual
basis, providing this verification is fully documented and does not contradict other customer or Progran
requirements that the lab must follow. The requirements of this verification are:

s The spike concentraticn of the verification must be no more than 3X times the LOD for
singie analyte tests and 4X the LOD for multipie analyte tests.

*  The iab must verify the LOD on each instrument used for the reporting of sample data,

o  The iab must be able to qualitatively identify all target analvtes in the verification standard
(distinguishable from noise).

Additional imformation can be found in SOP §-ALL-Q-004 Method Detection Limit Studies ar its
equivalent revision or replacement.

411  Limit of Quantitation {LO€)

A limit of quantitation (LOQ) for every analyte of concern musi be determined. For PASI laboratories,
this LOQ) is referred 1o as the RL, or Reporting Limit. This RL is based on the lowest calibration standard
concentration that is used in each initial calibration. Results below this level are not allowed 10 be
reported without qualification since the results would not be substantiated by a calibration standard, For
methods with a determined LOD, results can be reported out below the LOO but above the [LOD if they
are properly qualified (e.g. J flag).

* There must be a sufficient buffer between the LOD and the limit of quantitation (1LOQ). The LOQ must
be higher than the LOD.

To verify the L.OQ, the laberatory will prepare a sample in the same matrix used for the LCS. The sample
will be spiked with target analytes at the concenfration(s} equivalent o or less than the RI{s}. This
sample must undergo the routine sample preparation procedure including any routine sample cleanup
steps. The sample is then analyzed and the recovery of each target analyte determined. The recovery for
each target analyte must meet the laboratories current control limits,

Additional information can be found in S0P $-ALL-Q-004 Method Detection Limit Studies or its
equivaieni revision or replacement.



4.12

4.13

4.14

Quality Assurance Manual

ace Analytical | Rovision: 124

Estimate of Uncertainty

PASI laboratories can provide an estimation of uncertainty for results generated by the iaboratory. The
estimate gquaptifies the error associated with any given result at a 95% confidence interval. This estimate
does not inclode bias that may be associated with sampling. The laboratory has a procedure in place for
making this estimation. In the absence of a regulatory or customer-specific procedure, PAS] laboratories
base this estimation on the recovery dafa obtained from the Laboratory Control Spikes. The uncertainty is
a function of the standard deviation of the recoveries multiplied by the appropriate Student’s ¢ Factor at
95% confidence. Additional information pertaining 0 the estimation of uncertainty and the exact manner
in which it is derived are contained in the SOP PGH-C-021Measurement of Uncertainty or its equivalent
revision or replacement,

* The measurement of uncertainty is provided only on request by the customer, as reguired by specification

or regulation and when the resuit is used to determine conformance within a specification limit.
Proficiency Testing (PT} Studies

PASI Iaboratories participate in the NELAC-defined proficiency testing program. PT sampies are
obtained from approved providers and analyzed and reported at a minimum of two times per vear for the
relevant fields of testing per matrix.

The lab initiates an investigation whenever PT results are deemed ‘unacceptable’ by the PT provider, All
findings and corrective actions taken are reported to the Quality Manager. A corrective action plan
(inctuding re-anatysis of similar samples) is initiated and this report is sent to the appropriate state
accreditation agencies for their review,

PT samples are treated as typical customer samples, utilizing the same staff, methods, equipment,
facitities, and frequency of analysis. PT samples are included in the laboratory’s normal analytical
processes and do not receive extraordinary attention due to their nature,

Comparison of anatytical results with anyone participating in the same PT study is prohibited prior to the
close of the study.

Additional information can be found in SOP 5-ALL-Q-010 PE/PT Pregram or its equivalent revision or
replacement.

Rounding and Significant Figures

In general, the PASI laboratories repert data to no more than three significant digits. Therefore, ali
measurements made in the anaiytical process must reflect this level of precision. In the event that a
parameter that contributes to the final resuit has less than three significant figures of precision, the final
result must be reported with no more significant figures than that of the parameter in question. The
rounding rules listed below are descriptive of the LIMS and not necessarily of any supporting program
{Excel, stc.).

Rounding

PASI-Pittsburgh follows the odd / even guidelines for rounding mumbers:

- Ifthe figure following the one to be retained is less than five, that figure is dropped and the retained
ones are not changed (with three significant fipures, 2.544 is rounded to 2.54).

«  If'the figure foflowing the ones to be retained s greater than five, that figure is dropped and the Jast
retained one is rounded up (with three significant figures, 2.546 is rounded to 2,55},
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« If the figure following the ones to be retained is five and if there are no figures other than zeros
beyond that five, then the five is dropped and the last figure retained is unchanged if i is even and
rounded up if it is odd (with three significant figures, 2,525 is rounded to 2.52 and 2.535 is rounded to
2.54).

Significant Digits

PASI-Pittsburgh follows the following convention for reporting 1o a specified mumber of significant
figures. Unless specified by federal, state or {ocal requirements or on specific request by a customer, the
laboratory reports:

+  Values > 10 ~ Reported to 3 significant digits
»  Values = 10 — Reported to 2 significant digits
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,"f 5.4 DOCUMENT MANAGEMENT AND CHANGE CONTROL

5.1 Ducument Management

Additional infermation can be found in SOP $-ALL-Q-002 Document Management or is equivalent
reviston or replacement. .

Pace Analytical Services, Inc. has an established procedure for managing documents that are part of the
quality system. The list of managed documents includes, but is not Bmited to, Standard Operating
Procedures, Quality Assurance Manuals, quality policy statements, training documents, work-processing
daecuments, charts, posters, memoranda, notices, forms, software, and any other procedures, tables, plans,
ete, that have a direct bearing on the quality system.

A master list of all menaged documents is maintained at each facility identifying the current revision
status and distribution of the controlled documents. This establishes that there are no invalid or obsolete
*documents in use in the facility. All documents are reviewed pericdically and revised if necessary.
Obsolete documents are systematicaily discarded or archived for andit or knowledge preservation
purposes.

Each managed document is uniquely identified to include the date of issue, the revision identification,
page numbers, the total number of pages and the issuing authorities. For compiete information on
document numbering, refer to SOP S-ALL-Q-003 Decument Numbering.

As an alternative to the hard copy system of contralled doctuments, secured electronic copigs of controlled
documents may be maintained on the loca! or wide-area network (LAN or WAN). These document files
must be read-only for all personnel except the Quality Department and system administrator. Other
requirements for this system are as follows:

»  Electronic documents must be readily accessible o all facility employees.
= Electronic documents {i.e. pdf’s) must be locked from printing. Afl hardzopy SOPs must be obtained
from the Quatity Department,

5.1.1 Quaﬁty Assurance Manual (QAM)

The Quality Assurance Manual is the company-wide document that describes all aspects of the
quality system for PASL The base QAM template is distributed by the Corporate Quality
Department o each of the regional Quality Managers, The regional management personnel
modify the necessary and permissiblé sections of the base template and submit those
modifications to the Corporate Director of Quality for review. Once approved and signed by
both the CEQ and the Director of Quality, the General Manager, Quality Manager and Technical
Director(s) sign the Quality Assurance Manual. Each regional Quality Manager is then in charge
of distribution to employees, external customers or regulatory agencies and maintaining a
distribution list of controlied document copies. The Quality Assurance Manua} template is
reviewed on an annual basis by alf of the PASI Quality Managers and revised accordingly by the
Director of Quality, Safety and Training.

5.1.2  Standard Operating Procedures (SQOPs}

SOPs fall into two categories: company-wide documnents (starting with the prefix S-ALL-) and
facility-specific documents (starting with the individual facility prefix).

The purpose of the company-wide SOPs is to establish policies and procedure that are common
and applicable to all PAST facilities. Company-wide SQPs are decument-controlled by the
corporate quality office and signed copies are distributed to al} of the regionat Quality Managers.
The regional management personnel sign the company-wide SOPs. The regional Quality
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Manager is then in charge of distribution to employees, external customers or regulatory agencies
and maintaining a distribution list of controlied document copies.

Regional PASI facilities are responsible for developing facility-specific SOPs applicabie to their
respective facility, The regional facility develops these facility-specific 30Ps based on the
corporate-wide SOP template. This template is written to incorporate a set of minimum method
requirements and PASI best practice requirements. The regional facilities may add to or modify
the corporate-wide SOP template provided there are no contradictions to the minimum method or
best practice requirements, Facility-specific 30Ps are controlied by the regional Quality
Manager according to the corporate document management policies.

SOPs are reviewed every two years at a minimum (a more frequent review may be required by
state or federal apencies or customers). A review of the document does not necessarily constitute
a re-issue of a new revision. Documentation of this review and any applicabié revisions are made
in the last section of each SOP. This provides a historical record of ali revisions.

All copies of superseded SOPs are removed from general use and the original copy of each SOP
is archived for andit or knowledge preservation purposes. This ensures that all PASI employees
use the most current version of each SOP and provides the Quality Manager with a historical
record of each SOP.

Additiona] information can be found in $0P 5-ALL-Q-001 Preparation of SOPs or its
equivalent revision or replacement,

Dozument Change Contrel

Changes to managed documents are reviewed and approved in the same manner as the original review.
Any revision to a documnent requires the approval of the applicable signatories. After revisions are
approved, a revision number is assigned and the previous version of the document is officially retired.
Copies may be kept for audit or knowledge preservation purposes.

All controlied copies of the previous document are replaced with controlled copies of the revised
document and the supersedad copies are destroyed or archived. All affected personne!f are advised that
there has been a revision and any necessary training is scheduled.
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6.0 EQUIPMENT AND MEASUREMENT TRACEABILITY

Each PASI facility is equipped with sufficient imstrumentation and support equipment to perform the
relevant analytical testing or field procedures performed by each facility. Support equipment includes
chemical standards, thermometers, balances, disposable and mechanical pipettes, etc. This section detajls
some of the procedures necessary to maintain traceability and perform proper caiibration of
instromentation and support equipment. See Attachment IIT for g list of equipment currently used at the
PASI-Pittsburgh facility.

Standards and Traceability

Each PASI facility retains afl pertinent information for standards, reagents and chemicals to assure
traceability to a national standard. This includes documentation of purchase, receipt, preparation and use,

Upon receipt, all purchased standard reference materials are recorded into a standard iogbook or database
and assigned a unigue identification number. The entries include the facility’s unique identtfication
number, the chernical name, manufacturer name, manufacturer’s identification numbers, receipt date and
expiration date. Vendor’s certificates of analysis for all standards, reagents, or chemicals are retained for
future reference.

Subsequent preparaiions of intermediate or working sciutions are also documented in a standard foghook
or database, These entries include the stock standard name and lot number, the manufacturer name, the
solvents used for preparation, the solvent lot number and manufacturer, the preparation sieps, preparation
date, expiration dates, preparer’s initials, and a unique PASI identification number. This number is used
in any applicahle sampie preparation or analysis logbook so the standard can be traced back to the
standard preparation record. This process ensures traceability back to the national standard.

All prepared standard or reagent containers include the PAST identification number, the standatrd or
chemical name, the date of preparation, the date of expiration, the concentration with units, and the
preparer’s initials. This ensures traceability back to the standard preparation logbook.

If a second source standard is required to verify an existing calibration or spiking standard, this standard is
purchased from a diffsrent supplier. If no second source fs available, a second standard from a different
tot may be purchased from the same supplier if the ot can be demonstrated as prepared independently
from other lots.

Additional information concerning standards and reagent traceability can be found in the SOP S-ALL-Q-
025 Standard and Reagent Preparation and Traceability or its equivalent revision or replacement.

Generzal Analytical Instrament Calibration Procedures

All types of support equipment and instrumentation are calibrated or checked before use to ensure proper
functioning and verify that the laboratory’s requirements are met. All calibrations are performed by, or under
the supervision of, an experienced analyst at scheduled intervals against efther certified standards traceable to
recogprized national standards or reference standards whose vahues have been statistically vatidated,

Calibration standards for each parameter are chosen to establish the linear range of the instrument and must
bracket the concentrations of those parameters measured in the samples. The lowest calibration standard is the
lowest concentration for which quantitative data may be reporied. Data reported below this jevel is considered
to have less certainty and must be reported using appropriate date qualifiers (e.g. J flag) or explained ina
narrative. The highest calibration standard is the highest concentration for which quantitative data may be
reported. Data reported above this level is considersd to have less certainty and must be reported using
appropriate data qualifiers (c.g. E flag) or explained in the namative. Any specific methed requirement for
number and type of calibration standards supersedes the general requirement. Instrument and method specific
calibration criteria are explained within the specific analytical standard operating procedures for each facility.
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Instrumentation or support equipment that cannot be calibrated to specification or is otherwise defective is
clearly labeled as out-of-service until it has been repaired and tested to demonstrate it meets the jaboratory’s
specifications. Al} repair and mainterance activities including servics calls are docurnented in. the
maintenance log. Equipment sent off-site for calibration testing is packed and transported 1o prevent breakage
and is in accordance with the calibration laboratory’s recommendations. _

In the event that recalibration of a piece of test equipment indicates the equipment may have been
malfunctioning during the course of sample analysis, an investigation is performed. The results of the
investigation along with a summary of the information reviewed are documented and maintained by the
Quality Manager. If the investigation indicates sample results hiave been impacted, the customer is notified
within 30 days. This allows for sufficient investigation and review of documentation to determine the impact
on the analytical resubts. Instrumentation found to be consistently out of calibration is either repaired and
positively verified or replaced.

Raw data records are retained to document equipinent performance. Sufficient raw data is retajned to
reconstruct the instrument calibration and explicitly connect the continuing calibration verification to the
initial calibration,

6.2.1  General Organic Calibration Procedures

Catibration standards are prepared at a minimum of five concentrations for organic analyses.
Resuits from all calibration standards must be inciuded in constructing the calibration curve wifh the
fellowing exceptions:

®  The lowest levei calibration standard may be removed from the calibration as long as the
remaining number of concentration levels meets the minimum established by the method and
standard operating procedure, For multi-parameter methods, this may be done on an individua!
analyte basis. The reporting limit must be adjusted to the lowest concentration included in the
calibration cusve,

e The highest ievel calibration standard may be removed from the calibration as long as the
remaining number of concentration levels meets the minimum established by the method and
standard operating procedure. For multi-parameter methods, this may be done an individual
analyie basis. The upper limit of quartitation must be adjusted to the highest concentration
inchuded in the calibration curve, ‘

»  Multiple points from either the high end or the low end of the calibration curve may be excluded
as long as the remaining peints are contiguous in pature and the minimum number of levels
remain as cstablished by method or standard operating procedure. The seporting limit or
quantitation range, whaich is appropriate, must be adjusted accordingly.

e Rosults from a concentration level between the lowest and highest calibration Ievels can be
excluded from the calibration curve for an acceptable cause with approval from the responsible
department supervisor if the results for all analytes are excluded and the point is replaced by re-
anafysis. Re-analysis must occur within the same 12 hour tune time peried for GC/MS
methodeiogies and within 8 hours of the initial analysis for non-GCYMS methodologies. Al
sammples analyzed prior to the re-analyzed calibration curve point must be re-analyzed after the
calibration curve is completed.

Initial calibration curves are evaluated against appropriate statistical medels as required by the
analytical methods. Curves that do not meet the appropriate criteria reqeire corrective action fhat
may include re-minning the initial calibration curve. All initial calibrations are verified with a
standard obtained from a second manufacturer or second lot from the same marmfaciurer if the lot
can be demonsirated as prepared independently from other lots prior to the analysis of samples.
Sampie results are quantitated from the initial calibration unless otherwise required by regutation,
methad, or program.,
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The catibration curve is periodically verified by the analysis of a mid-level continuing calibration
verification (CCV) standard during the course of sample analysis. Calibration verification is
performed at the beginning and end of each analytical batch (except if an internal standard is used
only one verification at the beginning of the batch is needed), whenever it is expectad that the
analytical system may be out of calibration, if the time period for calibration hag expired, or for
analytical systems that contain a calibration verification requirement. This verification standard rnust
meet acceptance criteria in order for sample analysis to proceed,

In the event that the CCV does not meet the acceptance criteria, a second CCV may be injected as
part of the diagnostic evaluation and corrective action investigation. If the second CCV is
acceptable, the analytical sequence is continued. If both CCVs fail, the anabytical sequence is
terminated. All samples analyzed since the ast compliant CCV are re-analyzed for methodologies
utilizing external calibration.

When instruments are operating unattended, the autosamplers may be programmed to inject
consecutive CCVs as a preventative measure against CCV failure with no comective action. In this
case, both CCVs must be evaluated to determine potentia! impact to the results. A surnmary of the
decision tree and necessary documentation are listed below:

e Iboth CCVs meet the acceptance criteria, the anatytical sequence is alfowed to continue
without corrective action. (The 12 hour clock begins with the injection of the second CCV.)

¢ Ifthe first CCV does not meet the acceptance criteria and the second CCV is acceptable, the
analytical sequence is continued and the results are reported.

e Ifthe first CCV meets the acceptance criteria ang the second CCV is out of control, the samples
preceded by the out of control CCV must be re-analyzed in a compliant analytical sequence,

e Ifboth CCVs are out of control, all samples since the Jast acceptable CCV must be re-analvzed
in a compliant analytical sequence.

Some analytical methods require that sampies be bracketed by passing CCVs analyzed both before
and after the samnples. This is specific to each method but, as a general rule, al] external calibration
methods require bracketing CCVs. Most internal standard ealibrations do not require bracketing
CCVs.

Some analytical methods require verification based on z time nterval; some methads require a
frequency based on an injection interval. The type and frequency of the calibration verifications is
dependent on both the analytical metbod and possibly on the quality program associated with the
sampies. The type and frequency of calibration verification will be documented in the meathod
specific SOP employed by each laboratory,

General Inorganie Calibration Procedures

The instrument is initially calibrated with standards at multipie concentrations fo establish the
tinearity of the instrument’s response. A calibration blank is also included. Initial calibration curves
are evaluated against appropriate statistical models as required by the analytical methods. The
aumber of calibration standards used depends on the specific method criteria or customer project
requirements, although normally a minimum of three standards is used.

The ICP and ICP/MS can be standardized with a zero point and a single point calibration if:

¢ Prior (o analysis, the zero point and the single point calibration are analyzed and a lnear range is
estabilished,

e  Zero point and single point calibration standards are anaiyzed with each baich

¢ A standard coresponding fo the LOQ is analvzed with the batch and meets the established
acceptance criferia

a  The linearity is verified at the frequency established by the method or manufacturer.
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All initial calibrations are verified with a standard obtainead from a second manufacturer or second lot
from the same marnufacturer if the Jot can be demonstrated as prepared independently from other Jots
prior io the analysis of samples. Sample results are quantitated from the initial calibration unless
otherwise required by regulation, method, or program.

During the course of analysis, the calibratien curve is periodically verified by the analysis of
calibration verification standards. A calibration verification standard is analyzed within each
anatytical batch at method/program specific intervals to verify that the initia} calibration is still valid.
The CCV is also analyzed at the end of the analytical batch,

A calibration blank is also run with each calibration verification standard to verify the cleanliness of
the system. All reported results must be bracketed by acceptable CCVs. Instrument and method
specific calibration acceptance criferia are explained within the specific analyticat standard operating
pracedures for each facility.

Interference check standards are also analyzed per method requirements and must meet acceptance
criferia for metals analyses.

Support Equipment Calibration Procedures

Ali support equipment is calfbrated or verified af feast anmually using NIST traceable references over the entire
vange of use. The results of calibrations or verifications must be within the specifications required or the
equipment will be removed from service until repaired. The laboratory maintzins records 1o demonstrate the
correction factors applied to working thermometers.

TPrior fo use on each working day, balances, ovens, refrigerators, freezers, and water baths are checked in the
expected use range with NIST traceable references in order to ensure the equipment meets iaboraiory
specifications.

6.3.1

6.3.2

Anatytical Balances

Each analytical balance is checked and (if necessary) calibrated annually by a qualified service
technician. The calibration of eacl: balance is checked each day of use with weights traceable to
NIST. Caiibration weights are ASTM Class 1 (or other class weights that have been calibrated
against a NIST standard weight) and are re-certified annually against a NIST traceable reference.
Some accrediting agencies may require more frequent checks. If balances are cajibrated by an
external agency, verification of their weights must be provided. All information pertaining to
balance maintenance and calibration is recorded in the individual batance loghook and/or is
maintained on file in the Quality department.

Thermometers

Certified, or reference, thenmometers are maintained for checking calibration of working
thermometers. Reference themmometers are provided with NIST traceability for initial calibration
and are re-certified, at a minimuom, yearly with equipment directly traceable to NIST,

Working thermometers are compared with the reference thermometers annualty according 1o
corporate metrology procedures. Each thermemeter is individually numbered and assigned a
correction factor based on the NIST reference source. In addition, working thermometers are
visually inspected by Iaboratory personne! prior to use and temperatures are documented.

Laboratory thennometer inventory and calibration datz are maintained i the Quality departmet.
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6.3.3  pH/Electrometers
The meter is calibrated before use each day, using fresh buffer solutions,
6.3.4  Spectrophotometers

During use, spectrophotometer performance is checked at established frequencies in analysis
sequences against initial calibration verification {ICV) and contimiing calibration verification (CCV)
standards.

6.3.5 . Mechanical Volumetrie Dispensing Devices

Mechanical volumetric dispensing devices including bottle top dispensers, pipeties, and burettes,
excluding Class A volumetric giassware, are checked for accuracy on a quarterly basis. The
accuracy of giass microliter syringes is verified and documented prior to use,

Additional information regarding caiibration and maintenance of laboratory support equipment
-can be found in SOP S-ALL-Q-013 Support Equipment or its equivalent revision or
Tepiacement.

Instrument/ Equipment Main{enance

The objectives of the Pace Analytical maintenance program are twofold: to establish a system of
instrument care that maintains instrumentation and equipment at required levels of calibration and
sensitivity, and to minimize loss of productivity due fo repairs.

‘The Laboratory Operations Manager and department manager/superviscrs are responsible for providing
technical leadership to evaluate new equipment, solve equipment problems and coordinate instrument repair
and maintenance. The analysts have a primary responsibility to perform routine maintenance.

Te minimize downtime and interruption of analytical work, preveniative maintenance is routinely
performed on each analytical insirument. Up-to-date instructions on the use and maintenance of
equipmeni are available to staft in the department where the equipment is used.

Department manager/supervisors are responsible for maintaining an adequate inventory of spare parts
required to minimize equipment downtime. This inventory includes parts and supplies that are subject to
frequent failure, have limited {ifetimes, or cannot be abtained in a timely manner should a failure occur.

All major equipment and instrumentation items are uniquely identified to aliow for traceability.
Equipment/instrumentation are, unless otherwise stated, identified as a system and not as individual pieces.
The laboratory maintains equipment records that include the following:

The name of the equipment and its software

The manufacturer’s name, type, and serial number

Approximate date received and date placed into service

Current location in the laboratory

Condition when received (pew, usad, stc.)

Copy of any manufacturer’s manuals or instructions

Dates and results of calibrations and next scheduled calibration (if known)
Detzils of past maintenance activities, both routine and not-routine

s  Details of any damage, modification or major repairs

& 9 & &6 € 2 @&

All instrument maintenance is docwmented in maintenance loghooks that are assigned to each particular
mstrument or system.
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When maintenance is perfonmed to repair an instrument problem, depending on the injtial problem,
demonstration of return to control may be satisfied by the successful analysis of a reagent blank or
continuing calibration standard. The entry must include a summary of the resulfs of that analysis and
verification by the analyst that the instrument has been returned to an in-contrel status, In addition, each
entry must include the initials of the analyst making the entry, the dates the maintenance actions were
performed, and the date the entry was made in the maintenance loghook, if different from the date(s) of
the maintenance,

Any equipment that has been subjected to overloading or mishandling, or that gives suspect resulfs; or has
been shown to be defective, is taken out of service and clearly identified. The equipment shail not he used
to anabyze customer samples untii it has been repaired and shown to perform satisfactorily,
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Pace Analytical

7.0 CONTROL OF DATA

Analytical results processing, verification and reporting are procedures employed that result in the delivery of
defensible data. These processes include, but are not limited %o, caloulation of raw data into final concentration values,
review of results for accuracy, evaluation of quaiity control criteria and assembly of technical reports for delivery to the
data user.

All analytical data undergo a weil-defined, well-documnented multi-tier review process prior to being reported to the
customer. This section describes procedures used by PASI for translating raw analytical data into accurate, final sample
reports and PASI data storage policies.

7.1 Analytical Results Processing

When analytical, field, or product testing data is generated, it is either recorded in a bound laboratory
togbook (e.g. Run fog or Instrument log) or copies of computer-generated printouts are appropriatety
labeled and fifed. These logbooks and other laboratory records are kept in accordance with each facility’s
Standard Operating Procedure for documentation storage and archival, If the lab chooses to minimize
paper usage, these records can be kept as electronic records. In this case, the laboratory must ensure that
there are sufficient redundant electronjc copies so no data is lost due to unforeseen computer issues.

The primary analyst is responsible for initia] data reduction and review. This includes confirming
compliance with required methodology, verifying calculations, evaluating quality controi data, noting
discrepanciss in logbooks and as footnotes or narratives, and uploading analytical resuits info the LIMS.

The primary analyst then compiles the initial data package for verification. This compilation must include
sufficient documentation for data review. It may include standard calibrations, chromatograms, manual
integration dogumentation, efectronic printouts, chain-of-custody forms, and loghook copies,

Some agencies or customers require different levels of data reporting. For these special levels, the
primary analyst may need to compile additional project information, such as initial calibration data or
exlensive spectral data, hefore the data package proceeds to the verification step.

7.2 Data Verifieation

Data verification is the pracess of examining data and accepting or rejecting it based on pre-defined criteria.
This review step is designed to ensure that repored data are free from calculation and transcription ertors, that
quality control parameters zre evaluated and that any discrepancies are properly documented.

Analysts performing the analysis and subsequent data reduction have primary responsibility for quality of the
data produced. The ptimary analyst initiates the data verification process by reviewing and accepting the data,
provided QC criteria have been met for the samples being reported. Data review checklists, either hardcopy or
electronic, are used to document the data review process. The primary analyst is responsible for the initial
input of the data into the LIMS,

The completed data package is then sent to a designated gualified reviewer (this cannot be the primazy
analyst). The following criteria have been established to qualify someonc as a data reviewer. To perform
secondary data reviewer, the reviewar must:

1. Have a current Demonstration of Capability (DOC) study on file and have an S8OP acknowledgement
form on file for the method/procedure being reviewed; or, *=™

2. Havea DOC on file for a similar method/technology (i.e. GC/MS) and have an SOP acknowledgment
form on file for the method/procedure being reviewed; or, 3N

3. Supervise or manage a Department and have an SOP acknowledgment form on file for the
methed/procedure being reviewed; or,
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4. Have significant background in the depariment/methods being reviewed through education or expenience
and have an SOP acknowledement form or file for the method/procedure being reviewed.

Noter Secondary reviewer status must be approved personally by the Quality Manager or General Manager in
the event that this person has no prior experience on the specific methed or general fechnolegy (i.e. GC/MS).

This reviewer provides an independent technical assessment of the data package and technical review for
accuracy according to methods emploved and laboratory protocols. This assessment involves a quality controd
review for use of the proper methodology and dstection Hmits, compliance to quality control protocol and
criteria, presence and completeness of required deliverables, and accuracy of calculations and data
quantitation. The reviewer also validates the data entered into the LIMS.

Once the data have been technically reviewed and approved, authorization for release of the data from the
analytical section is indicated by initialing and dating the data review checklist or otherwise initialing and
dating the data {or designating the review of data electronically). The Operations or Project Manager
examines the report for method appropriateness, detection limits and QC acceptability. Any deviations from
the referenced methods are checked for documentation and validity, and QU corrective actions are reviewed
for successful resolution.

Data Repoiting

All data segments pertaining (o a particular FAST project number are delivered to the Client Services
Department {Project Manager) for assembly into the final report. All points mentioned during technical and
QC reviews are included in 2 case namative if there is potential for data to be impacted.

Final reports are prepared according to the level of reporting required by the enstomer and can be ransmitted
to the customer via hardcopy or electronic deliverabie, A standard PASI final repert consists of the following
componeants:

1. A title which designates the report as “Final Report”, “Laboratory Results”, “Certificate of Results™, ete.

2. Name and address of Iaboratory (or subcontracted laboratories, if used).

3. Phone number and name of Jaboratory contact where questions can be referred.

4. A unique number for the report (project number). The pages of the report shail be numbered and a total
number of pages shall be indicated (usually in the cover letter).

5. Name and address of cusiomer and name of project (if applicable}.

6. Unigue identification of samples analyzed (including castomer sample numbers).

7. Identification of any sample that did not mest aceeptable sampling requirements (from NELAC or other
governing agency), such as improper sample containers, kolding times missed, saniple femperature, etc.

8. Date and time of collection of samples, date of sample receipt by the laboratory, dates of sample
preparation and analysis, and times of sample preparation and analysis when the holding time for either is
72 hours or less.

9. Identification of the test methods used.

10. Identification of sampling procedures if sampling was conducted by the laboratory.

11. Deviations from, additions to, or exclusions from the test metheds. These can include failed quality
control paratmeters, deviations caused by the matrix of the sample, ste., and can be shown as 2 case
narrative or as defined footnotes to the analvtical data.

12. Identification of whether caleniations were performed on a dry or wet-weight basis,

13. Reporting limits used.

14. Final results or measurements, supporied by appropriate chromatograms, charts, tables, spectra, ete.

15, A signature and title of person accepting responsibility for the content of the report (can be an equivalent
electronic identification) and date report was issued.

16. A statement clarifying that the results of the report relate only to the samples tested or fo the samples as
they were received by the laboratory.

17. M necessary, a statement indicating that the report must not be reproduced except i full, without the
written approval of the laboratory.

18. Identification of all test results provided by a subcontracied laboratory or other autside source.
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19. Identification of results obtained outside of quantitation levels.

Any changes made to a final report shall be designated as “Revised™ or equivalent wording. The laboratory
must keep sufficient archived records of all iab reports and revisions. For higher levels of data deliverables, a
copy of all applicable raw data is sent to the customer along with a final report of results. When possible, the
PASI facility will provide ¢lectronic data deliverables (EDD) as required by contracts or upon customer
request.

Customer data that requires transmission by telephone, telex, facsimile or other electronic means undergnes
appropriate steps to preserve confidentiality.

The following positions are the only approved signatories for PASI final reports:

¢ Senior General Manager
(General Manager

e Quality Manager

e Client Services Manager
*  Project Manager

¢ Project Coordinator

Pata Security

All data including electronic files, loghooks, exfraction/digestion/distiltation worksheets, calenlations, project
files and reports, and other information used fo produce the technical report are maintained secured and
retrievable by the PASI facility. ’

Data Archiving

Ali records compiled by PASI are maintained legible and retrievable and stored secured in a suitable
environment to prevent loss, damage, or deterioration by fire, flood, vermin, theft, and/or environmenta}
deterioration. Records are ratained for a minimum of five years unless superseded by federal, state,
contractual, and/or accreditation requirements. These records may include, but are not limited to,
customer date reports, calibration and maintenance of equipment, raw data from instrumentation, quality
control documents, observations, calculations and loghooks. These records are retained in order to
provide for possibie historical reconstruction inclading sampling, receipt, preparation, analysis and
persomned involved. NELAP-related records will be made readily available to acerediting authorities.
Access to archived data is documented and controlied by the Quality Manager or a designated Data
Archivist.

Records that are computer-generated have either a hard copy or electronic write-protected backup copy.
Hardware and software necessary for the retrieval of electronic data is maintained with the applicable
records. Archived electronic records are stored protected against electronic and/or magnetic sources.

Inn the event of a change in ownership, accountability or liability, reports of analyses performed pertaining
to accreditation will be maintained by the acquiring entity for a minimum of five years. In the event of
bankruptey, laboratery reports and/or records will be transferred {0 the customer and/or the appropriate
regujatory entity upon request.

Data Disposal

Data that has been archived for the facility’s required storage time may be disposed of in a secure manner
by shredding, returning to customer, or utilizing some other means that does not jeopardize data
confidentiality. Records of data disposal will be archived for a minimum of five years unless superseded
by federal, contractual, and/or accreditation requirements. ‘
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B.0 QUALITY SYSTEM AUDITS AND REVIEWS

8.1 Internal Audits

8.1.1

812

Responsibilities

The Quality Manager is responsible for designing and/or conducting intermal audits in accordance
with a predetermined schedule and procedure. Since intemal audits represent an independent
assessment of laboratery functions, the auditor must be functionally independent from laboratory
operations to ensure objectivity. The auditor must be trained, qualified and familiar enough with
the objectives, principles, and procedures of laboratory operations to be able to perform a thorough
and effective evaluation. The Quality Manger evaluates audit observations and verifics the
completion of corrective actions. In addition, a periodic corporate audit will be conducted by the
Director of Quality, Safety and Training and/or designiee. The corporate audits wiil focus an the
execution of the Quality System as outiined in this manual but may also include other quality
programs applicable to each laboratory.

Scope and Frequency of Internal Audits

Internal systerns audits are conducted yearly at a minimum. The scope of these audits includes
evaluation of specific analytical departments or a specific quality-refated system as applied
throughout the laboratory.

Examples of system-wide elements that can be audited include:

e  Quality Systems documents, such as Standard Operating Procedures, training documents,
Quality Agsurance Manual and all applicable addenda

&  Personnel and training files.

e  (eneral laboratory safety protocols.

@ Chemical handling practices, such as labeling of reagents, solutions, standards, and associated
documentation.

e  Documentation concerning equiprnent and instrumentation, calibration/maintenance records,
operating manuals.

e  Sample receipt and management praciices.

¢  Analytical documentation, including any discrepancies and comrective actions.

e General procedures for data security, review, docurnentation, reporting and archiving.

e  Datz integrity issues such as proper manual integrations.

When the operations of a spacific department are evaluated, a number of additional functions are
reviewed including:

¢  Detection Hmit studies

e Internal chain-of-custedy documentation
e Documentation of standard preparations

s Quaiity Contro} limsts and Contrel charts

Certain projects may require an internal aud# to ensure laboratory conformance to site work plans,
sampling and analysis plans, QAPPs, etc.

A representative number of data audits are completed annually. The report format of any
discrepancy is similar 1o that of other internal audirs.

The lzboratory, as part of their overal! intermal audit program, enisures that a review is conducted
with respect to any evidence of inappropriate actions or vulnerabilities related to data integrity.
Discovery and reporting of potential data integrity issues are handled in a confidential manner until
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such time as a follow up evaluation, full investigation, or other appropriate actions are completed
and the issues clarified. All investigations that result in findings of inappropriate activity are fully
documented, including the source of the problem, the samples and customers affected, the impact
on the data, the corrective actions taken by the lab and which final reports had to be re-issued.
Customers are nofified within 30 days when the investigation indicates analytical results are
affected, :

813  Internal Audit Reports and Corrective Actien Plans

Additional information can be fourd in SOP S-ALL-Q-011 Audits and Inspections or its
equivalent revision or replacement

A fuli deseription of the andi, including the identification of the operation audited, the date(s) on
which the audit was conducted, the specific systeins examined, and the observations noted are
summarized in an internal audit report, AXhough other personnel may assist with the performance
of the audit, the Quality Manager writes and issues the internal audit report identifying which audit
observations are deficiencies that require corrective action.

When audit findings cast doubt on the effectiveness of the operations or on the comectness of
validity of the laboratory’s environmental test results, the laboravory will take timely corrective
action. and notify the customer in writing within 3 business days, if investigations show that the
faboratory resuits may have been affected.

Onee completed, the internal audit report is issued jointly io the Laboratory General Manager and
the manager(s)/supervisor(s) of the audited operation at a minimum. The responsibie
manager{s)supervisor{s) responds within 14 days with a proposed plan o correct alj of the
deficiencies cited in the audit report. The Quality Manager may grant additional time for responses
to large or complex deficiencies (not to exceed 30 days). Each response must include timetables for
compietion of all proposed cotrective actions, ’

The Quality Manager reviews the audit responses. If the response is accepted, the Quality Manager
uses the action plan and timetable as a guideline for verifying completion of the corrective action{s).
If the Quality Manager determines that the audit response does not adequately address the
correction of cited deficiencies, the response will be returned for modification.

To complete the audit process, the Quality Manaper performs a re-examination of the areas where
deficiencies were found to verify that all proposed corrective actions have been implemented. An
audit deficiency is considered closed once implementation of the necessary corrective action has
been verified. If correstive action cannot be verified, the associated deficiency remains open until
that action 1s completed.

External Andits

PAST laboratories are audited regularly by regufatory agencies to maintain laboratory certifications, and by
customers to maintain appropriate specific protocols.

Audst teams external to the company review the laboratory to assess the existence of systems and degree of
technical expertise. The Quality Manager and other QA staff host the audit team and assist in facilitation of
the audit process. Generally, the auditors will prepare 2 formalized audit report lsting deficiencies observed
and follow-up requirements for the laboratory. In some cases, ftems of concern are discussed during a
debriefing convened at the end of the on-site review process,

The laboratory staff and supervisors develop corrective action plans to address any deficiencies with the
guidance of the Quality Manager. The Labaratory General Manager provides the necessary resources for
staff to develop and implement the corrective action plans. The Quality Manager collates this information
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and provides a writien report to the audi team. The report contains the carrective action ptan and expected
completion dates for each efement of the plan. The Quality Manager follows-up with the laboratory staff to
ensure corrective actions are implemented.

Quarierly Quality Reporis

The Quality Manager is responsibie for preparing a quarterly repost te management summarizing the
effectiveness of the laboratory Quality Systems. This status report will include:

Results of internal systems or performance audits
Corrective action activities

Discussion of QA issues raised by customers
Resuits of third party or external audits

s tatus of laboratory certifications

&  Proficiency Testing Study Results

Results of internal laboratory review activities
Summary of holding time violations

Method detection Himit study status

Training activity summary

SOP revision summary

s 3P Impiementation summary (intemal program}
s  Other significant Quality System items

8 & & & 4 @ o 2

The Corporate Director of Quality, Safety & Technology utilizes the information from each laboratory to
make decisions impacting the Quality Systems of the company as a whole. Hach General Manager utilizes
the quarterly report information to make decisions impacting Quality Systems and operationa} systems at a
local level.

Additional information can be found in SOP S-ALL-Q-014 Quality System Review or its equivalent
revision or replacement.

Annuzal Managerial Review

A managerial review of Quality Systems is performed on an annual basis at a minimum. This aliows for
assessing program effectiveness and introducing changes and/or improvements.

The managerial review must include the following jopics of discussion:

¢ Policy and procedure suitability

e  Manager/Supervisor reports

o Intemal audit results

e  (Corrective and preventative actions

»  External assessment resuits

&«  Proficiency testing studies
Samyple capacity and scope of work changes
Customer feedback, inciuding complaints

This managerial review must be documented for future reference by the Quality Manager and copies of
the report are distributed to laboratory staff. The laboralory shall ensure that any actions identified during
the review are carried out within an appropriate and agreed timescale,
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Customner Service Reviews

As part of the annual managerial review listed previously, the sales staff is responsible for reporting on
customer feedback, including complaints. The acquisition of this information is compieted by performing
surveys.

The sales staff continually receives customer feedback, both positive and negative, and reports this
feedback 10 the lab management in order for them to evaluate and improve their management system,
testing activities angd customer service.

In addition, the tabs must be willing to cooperate with customers or their representatives to clarify
customer requests and o monitor the lab’s performance in relation to the work being performed for the
customers, '
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9.0 CORRECTIVE ACTION

Additiona) information can be found in SOP PGH-C-011 Corrective Actions or its equivaient revision or
replacement,

During the process of sample handiing, preparation and analysis, certain occurrences may warrant the necessity of
corrective actions, These occutrences may take the form of analyst errors, deficiencies in quality control, method
deviations, or other unusual circumstances. The Quality Systern of PAS] provides systematic procedures for
documentation, monitoring and completion of cotrective actions. This can be done using PASI’s LabTrack system
or other system that lists among other things, the deficiency by issue number, the deficiency source, responsible
party, root cause, resolution, due date, and date resolved,

4.1

Corrective Action Docnmentation

The following items are examples of laboratory deviations or non-conformances that warrant some form of
documented corrective action;

s (uality Control data outside of acceptance criteria
e«  Sample Acceptance Policy deviations

e Missed holding times

= Instrument failures (including calibration failure)
= Sample preparation or analysis errors

e Sample contamination

e  ErTors in customer reports

= Audit findings (internal and external)

e Proficiency Testing (PT) sample failures

s Customer complaints or inquiries

Documentation of comective actions may be in the fonm of a comment or footnote on the final report that
explams the deficiency (e.g. matrix spike recoveries outside of acceptance criteria) or it may be a more
formal documentation {either paper system o computerized spreadsheet). This depends on the extent of the
deficiency, the impact on the data, and the method or customer requirements for documentation.

The person who discovers the deficiency or non-conformance initiztes the corrective action documentation
on the Non-Conformance Corrective/ Preventative Action report and/or LabTrack. The documentation must
include the affected projects and sample numbers, the name of the applicable Project Manager, the customer
name and the sample matrix involved. The person initiating the corrective action documentation must also
list the known causes of the deficiency or non-conformance as weil as any corrective/preventative actions
that they have taken. Preventive actions must be taken in order to prevent or minimize the occurrence of the
situation.

In the event that the laboratory is unable to determine the cause, faboratory personnel and management staff
will start a 100t cause analysis by going through. an investigative process. During this process, the following
genera] steps must be taken into account: defining the non-conformance problem, assigning responsibilities,
determining if the condition is significant, and investigating the root cause of the nonconformance probiem,
General non-conformance investigative techniques follow the path of the sample through the process iooking
at each individual step in detajl. The root cause must be documented on the Corrective/Preventative Action
Report.

After all the documentation is completed, the routing of the Corrective/Preventative Action Report will
continue from the person initiating the corrective action, to their immediate supervisor or the Project
Manager and finally to the Quality Manager, who is responsible for final review and signoft of all formal
corrective/preventative actions.
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i 9.2 Corrective Action Completion

8.2.1

9.2.2

9.24

Quality Control outside of acceptance criferia

The analysi that is generating or validating Analytical data is responsible for checking the results
against established acceptance criteria {quality control Hmits). The analyst must immediately address
any deficiencies discovered. Method blank, LCS or matrix spike failures are evaluated agaimst
method, program, and customer requirements and appropriate footnotes are entered info the LIMS
system. Some deficiencies may be cansed by matix interferences. Where possible, matrix
interferences are confirmed by re-analysis,

Quality control deficiencies must be made known io the customer on the final report for their review
of the data for usability. If appropriate, the supervisor is alerted to the QC failure and if necessary a
formal corrective action can be initiated. This may invoive the input of the Quality Manager or the
General Manager.

The depariment supervisor and/or Operations Manager are responsible for evaluating the source of
the deficiency and for returning the analvtical system to control. This may involve instrument
majntenance, analytical standard or reagent evaluation, or an internal audit of the analytical
procedure.

Sample Acceptance Policy deviations

Any deviation from the Sample Acceptance Policy listed in this Manual must be documenied on the
Chain-of-Custody or othey applicable form by the samiple receiving personnel or by the Project
Manager. Anatysts or supervisors that discover such deviations must contact the sample receiving
personnel or appropriate Project Manager so they can initiate the proper documentation and customer
contact, If a more formalized corrective action must be documented, the Quality Manager is made
aware of the situation,

The customer is notified of these deviations as soon as possible so they can make decisions on
whether to continue with the sample analysis or re-sample, Copies of this documentation are
included I the project fie.

Missed holding times

In the event that a holding time requiremnent has been missed, the analyst or supervisor muost
complete a formal corrective action form. The Project Manager and the Quality Manager must be
made aware of these hold time exceedances.

The Project Manager must confact the customer for appropriate decisions to be made with the
resolution documented and included in the customer project file. The Quality Manager includes a Hst
of ali missed holding times in their Quarterly Report to the corporate office.

Instrument Failures

In the event of an instrurment failure that either causes the necessity for re-analysis or goestions the
validity of generated resuits, a formal comrective action must be initiated. The analyst and sapervisor
evaluate any completed data for validity and usability. They are also responsible for returning the
instrument to valid operating condition and for documenting that the system is in control {e.g.
acceptable caiibration verification}.
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9.2.6

9.2.7

3.2.8

8.29
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Sampie Preparation or Analysis errors

When there is an error in the preparation oy anzbysis of samples, the analyst evaiuates the impact on
the usability of the mmalytical data with the assistance of the supervisor or manager. The affected
samples will be re-processed or re-analyzed under acceptable conditions. In the event that no
additional sample is available for re-analysis, the customer must be contacted for their decision on
how to proceed. Docurnentation may take the form of foetnoies or a formal corrective action form,

Errors in customer reports

When an emor on the customer report is discovered, the Project Manager is respansible for initiating
a formal carrective action form that describes the failure (e.g. incorrect analysis reported, reporting
units are incorrect, reporting limits do not meet objectives). The Project Manager is also responsible
for revising the final report if necessary and submitting it to the customer.

Augdit findings

The Quality Manager is responsible for documenting afl audit findings and their corrective actions.
This documentation must inciude the initial finding, the persons responsible for the comrective action,
the due date for reporting back to the auditing body, the oot cause of the issue, and the corrective
action taken to resolve the findings. The Quatity Manager is aiso responsible for providing any
back-up documentation used fo prove that a comective action has been completed.

Proficiency Testing faflures

Any PT resulf retamed to the Quality Manager as “not acceptable” requires an investigation and
applicable corrective actions, The operational staff is made aware of the PT failures and they are
responsible for reviewing the applicable raw data and calibrations and list possible causes for error.
The Quality Manager reviews their findings and initiates another extemai PT sample or an interpal
PT sampie to try and comrect the previous failure. Replacement PT results must be monitored by the
Quality Manager and reported to the applicable regulatory authorities.

Customer Complaints

Project Managers are responsibie for issuing corrective action forms for customer complaints. As
with other comrective actions, the possible causes of the problem are listed and the form is passed 1o
the apprapriate anatyst or supervisor. After the comective actions have been listed, the Project
Manager reviews the corrective action to determine if the customer needs or concerns are being

- addressed.

%.3. Preventive Action Doenmentation

Pace laboratories can take advantage of several available information sowrces in order o identify needed
improvements in ail of their systems {technicai, managerial, quality, etc.). These sources may include:

¢ Management Contimuous Timprovement Plan (CIP) metrics which are used by all production departments
within Pace, When groups compare performance across the company, ways to improve systems are
discoverad. These improvements can be made within 2 department or lab-wide.

e Annual managerial reviews- part of this NELAC-required review is to look at all processes and
procedures used by the lab over the past year and to determine ways to improve these processes in the
future.

*  Quality sysiems reviews- any frequent checks of quality systerns (monthily logbook reviews, etc.) can
uncover issues that can be corrected or adjusted before they become a larger issue,

When improvement opportunities are identified or if preventive action is required, the lab can develop,

implement, and monitor preventive action plans.
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100 GLOSSARY

3P Program

The Pace Analytical conmtinuous improvement program that focuses o Process,
Productivity and Performance. Best Practices are identified that can be used by =il
PASI labs.

Accuracy

The agreement between an observed value and an accepted reference valug. Accuracy
includes a combination of random error (precision) and systematic error (bias)

“components that are due to sampling and analvtical operations; a data quality indicator.

Aliguot

A portion of a sample taken for analysis.

Analyte

The specific chemical species or parameter an analysis seeks to determine.

Batch

Environmental samples that are prepared and/or analyzed together with the same
process and personnel, using the same lot(s) of reagents. A preparation batch is
composed of one to 20 environmental samiples of the same NELAC-defined mutrix,

- meeting the above-mentioned criteria and with a maximum time between the start of

processing of the first and last sample in the batch to be 24 hours. An analytical batch
is composed of prepared environmental saniples (extracts, digestates or concentrates)

that ate analyzed together as a group. An analytical baich can include prepared |

samples originating from various enviropmenta] matrices and can exceed 20 samples.

Blank

A sarple that has not been exposed to the anatyzed sample stream in order to monitor
contamination during sampling, transport, storage or anakbysis. The blank is subjected
to the usual analytical and measurement process to establish a zero baseline or
background value and is sometimes used to adjust or correct routing analytical results.

. Blind Sample

A sample for submitted for analysis with a2 composition known to-the submitter. The
analyst/laboratory may know the identity of the sample but not its composition. It is
used fo test analyst or laboratory proficiency m the execution of the measuremest
PrOGess,

Calibration

To determine, by measurement or comparison with a standard, the correct value of
each scale reading on a meter, instrument, or other device. The levels of the applied
calibration standard must bracket the range of planned or- expected sample
measurements,

Calibration Curve

The graphic representation of known values, such as concentrations for a series of
calibration standards and their instrument response,

Chain-of-Custody

A record that documents the possession of samples from the time of collection to

{COC) receipt in the laboratory. This record gemerally includes the number and type of
contamers, mode of collection, collector, time of collection, preservation, and
requested analyses.

Confirmation Verification of the identity of a component ihirough the use of an alternate scientific
approach from the original methed. These may inciude, but are not limited to:

e second-column confirmation
e alternate wavelength

e  derivatization derivative

e  mass spactral inferpretation

s additional cleanup procedures

Contract Required Detection limit that is required for EFA Contract Laboratory Program (CLF) coniracts,

Detection Limit (CRDL)

Contract Required Quantitatiorr limit (reporting limat) that is required for EPA Contract Laboratory

Quantitation Limit Program {CLP) contracts.

{CROL}

Comparabiiity An assessment of the confidence with which one data set can be compared to another.

Comparable data are produced through the use of standardized procedures and
fechniques.
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Completeness

The percent of valid data obtained from a measurement system compared to the
amount of valid data expected under mommal conditions. The equation for
completeness is:

% Completeness = (Valid Data Points/Expected Data Points)* 100

Calibration Verification

The process of verifying a calibration by analysis of standards and companng the
results with the known amount.

Control Chart A graphic representation of a series of test results, together with limits within which
results are expected when the system is in a state of statistical control (see definition
for Control Limif)

Control Limit A range within which specified measurement results must fall to verfy that the

analytical system is mn confrol. Control limit exceedances may require corrective
action or require investigation and flagging of nonconforming data.

Cotrective Action

The action taken to climinaie the cavses of a nonconformity, defect, or other
undesirable situation in order 1o prevent recurrence.

Corrective and
Preventative Action

The primary management fools for bringing improvements to the quality system, to
the management of the quality system’s coliective processes, and to the products or

(CAPA) , services delivered which are an output of established systems and processes.

Data Quaiity Objective | Systematic strategic planning tool based on the scientific method that identifies and

(DOQ; defines the type, quality, and quantity of data needed to satisfy a specified use or end
USEr.

Data Reduction The process of transforming raw data by arithmetic or statistical calculations, standard

curves, concentration factors, etc., and collation inic 2 more usable form.

Demonstration of

A procedure to establish the ability of the analyst to generate acceptable accuracy.

Capability

Detection Limit (DL) General term for the lowest cancentration or amount of the tarpet analyte that can be
identified, measured and reported with confidence that the anajyte concentration is not
a false positive value. See definitions for Method Detection Limit and Limit of
Detection.

Daocument Control Procedures to ensure that docurmnents (and revisions thereto) are proposed, reviewed for

{Management) accuracy, approved for release by authorized personmel, distributed properly and
controlied (managed) to ensure use of the cormect version at the location where the
prescribed activity is performed.

Dry Weight The weight afer drying in an oven at a specified temperaiure,

Duplicate or Replicate The identically performed measurement on two or more sub-samples of the same

Analysis sample within a short interval of time

Environmental Sample

A representative sample of any material {aqueous, non-aqueous, or multimedia)
collected from any source for which defermination of compesition or contamination is
requested or required. Euvironmental sanples can generaily be classified as foliows:
e  Non Potable Water ( Includes surface water, ground water, effluents, water
treafiment chemicals, and TCLP leachates or other extracts)
=  Drinking Water - Delivered (freated or untreated) water designated as potable
water
e Water/Wastewater - Raw source waters for public drinking water supplies,
ground waters, municipal influents/effluents, and industrial influents/effluents
e  Sludge - Municipal sludges and industrial sludges.
e Soil - Predominately inorpanic matter ranging in classification from sands to
clays.
e Waste - Agueous and nom-aqueous liquid wastes, chemical solids, and
industrial liguid and solid wastes

Equipment Blank A sample of analyte-free media used to rinse common sampling equipment to check
effectiveness of decontamination procedures,
Field Blank A blank sample prapared in the field by filling a clean container with reagent water and

appropriate preservative, if any, for the specific sampling activity being undertaken,
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Field Measurement

Determination of physical, biological, or radiclogical properties, or chemical
constituents that are measured om-site, close in time and space fo the matrices being
sampled/measured, following accepted test methods. This testing is performed in the
field outside of a fixed-labdratory or outside of an enclosed structure that meets the
requirements of a mobile laboratory.

Holding Time

The maximum time that samples may be held prior to preparation andfor analysis as
defined by the method.

Homogeneity

The depree to which a property or substance is uniformly distributed throughout a
sample,

Titial Cabibration
{ICAL)

The process of analyzing standards, prepared at specified concentrations, to define the
quantitative response relationship of the instrument to the analytes of interest. Initial
calibration is.pesformed whenever the results of a calibration verification standard do
not conform fo the requirements of the method in use or at a frequency specified in the
method.

Internal Standards

A known amount of standard added to 2 test portion of a sample as a reference for
gvaluating and controlling the precision and bias of the applied analytical method.

Intermediate Standard
Solution

Reference solutions prepared by dilution of the stock solutions with an appropriate
solvent,

Laboratory Control
Sample (LCS)

A blank sample matrix, free from the anaivies of interest, spiked with known amounts
of analytes or a material containing known amounts of analytes. It is generally used to
establish intra-laboratory or analyst-specific precision and bias or {o assess the
performance of all or a portion of the measurement system. Sometimes referred to s
Laboratory Fortified Biauk, Spiked Blank or QC Check Sample.

Limt of Detection
(LOD)

An estimate of the minimum amount of a substance that an analytical process cam
reliably detect. An 1.OD is anmalyte and matrix specific and may be laboratory-
dependent.

Limit of Quantitation
1LOQ) .

The mnimum levels, concentrations or quantities of a target variable (e.g. target
& analyte) that can be reported with a gpecified degree of confidence

Laboratory Information
Management System
(LIME)

A computer system that is used to maintain zll sample information from sample
receipt, through preparation and analysis and including sample report generation,

Leaming Management

A web-based database used by the laboratories w0 track and document training

System (LMS) activities, The system is administered by the corporate training department and each
lab’s leam centers are maintained by 4 local administrator,
Lot A quantity of bulk material of similar composition processed or manufactured at the

| same time,
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Matrix The component or substrate that contains the analyte of interest. For purposes of batch
and QC requirement determinations, the following matrix distinctions are used:

o  Aqueous or Non-Potable Water: any aqueous samnple sxcluded from the
definition of Drinking Water matrix or Saline/Estuarine source. Inciudes
surface water, groundwater, effluents, and TCLP or other extracts.

s Drinking Water: any agueous sample that has been designaied a potable or
potentially potable water source.

e Saline/Estuarine; any aqueous sample from an ocean or estuary, or other
saltwater sowrce.

e  Nen-agueous liquid: any organic liquid with <15% settleable solids:

« Biological Tissue: any sample of a biological origin such as fish tissue,
shellfish or plant material. Such sample can be grouped according to ofigin.

e Solid: includes soils, sediments, sludges, and other matrices with >15% ’
settleable solids.

¢ Chemical Waste; a product or by-product or an industrial process that
results in a matrix not previously defined

e Air and Emissiens: whole gas or vapor samples inchuding those contained
in fiexibie or rigid wall containers and the extracted concentrated analytes of
interest from a gas vapor that are collected with a sofbeni tube, impinger

{ solution, filter, or other device.
Matrix Spike (MS) A sample prepared by adding a known quaniity of target analyte to a specified amount |
of matrix sampie Tor which an independent estimate of target analyte concentration is

available. Matrix spikes are used’to determine the effect of the matsix on a method’s
recovery efficiency. {sometimes referred io as Spiked Sample or Fortified Sample)

{ Matrix Spike Duplicate
] (MSD)

a
measure of precision of the recovery of each analyte. (sometimes referrad to as Spiked

A second replicate matrix spike prepared i the laboratory and analyzed to obtain

Sample Duplicate or Fortified Sample Duplicate)

Method Blank

A sample of a matrix similar to the batch of associated samples (when available) that is
free from the analyies of interest and is processed simuftanecusiy with and under the
same conditions as samples through ail sieps of the anaiytical procedures: and in which
no target analytes or interferences ave present at concentrabions that tmpact the
analytical resuits for sample analyses.

Method Detection Limit
{MDL)

One way fo establish a Limit of Detection (LOD); defined as the mimmum
concentration of a substance that can be measured and reported with 99% confidence
that the analyte concentration is greater than zero and is determined from analysis of a
sample In a given matrix containing the analyte,

Performance Based
Measurement System

An analytical system wherein the data quality needs, mandates or limitations of a
program or project are specified and serve as crteria for selecting appropriate test

{PFBMS) methods to meef those needs in a cost-effective manner.

Precision The degree to which a set of observations or measuremnents of the same property,
obtained wnder similar conditions, conform to themselves, Precision is usually
expressed as standard deviation, variance or range, in either absolute or relative terms.

Preservation Refrigeration and/or reagents added at the time of sampie collection (or later) to
maintain the chernical and/or biological integrity of the sample.

Proficiency Testing A means of evaluating a laboratory’s parformance under controlled conditions retative
to a given set of eriferis through analysis of unknown samples provided by an external
SOUTCE.

Protoco! A detailed written procedure for field and/or laboratory operation that must be strictly

feliowed.

Quality Assurance
Praject Plag (QAPP)

A formal document describing the detailed quality contro! procedures required by a
specific praject.

Quality Assurance (QA)

An integrated system of activities involving plamming, quality control, quality
agsessment, reporting and quality improvement to ensure that a product or service
meets defined standards of quality with & stated leve! of confidence.
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Quality Control (QC) The overali system of technical activities whose porpese is to measure and contro! the
quality of a product or service so that 3t meeis the needs of users,
. Quality Control Sample | A sample used io assess the performance of all or a portion of the measurement

H

J system, (C samples may be Certified Reference Materials, a quality system matrix |
|

fortified by spilking, or actual samples fortified by spiking,

Quality Assurance A document stating the management policies, objectives, principles, organizational
Manuai structure and authority, responsibilities, accountability, and implementation of an
agency, organization, or laboratory, to ensure the quality of its product and the utility
of its nroduct to its users.

Quality System A structured and documenied management system describing the policies, objectives,
principles,  organizational  authority, responsibilities, accountability, and
implementation plan of an organizabion for ensuring quality inn its work processes,
products (itams), and services. The quality system provides the framework for
planning, implementing, and assessing work performed by the organization and for
carrying out required QA and OC,

Random Error The EPA has established that there is 2 5% probability that the results ebtained for any
one analyte will exceed the control limifs established for the test due to random error.
As the mumber of compounds measurad increases in a given sample, the probability for
statistical error also Increases.

Raw Data Any original factual information from a measurement activity or study recorded in a
laboratory noiebook, worksheets, records, memoranda, notes, or exact copies thereof
that are necessary for the reconstruction and evahluation of the report of the activity or
study. Raw data may include photography, microfilm or microfiche copies, contputer
printouts, magnetic media, inciuding divtated observations, and recorded data from
automated instruments. If exact copies of raw data have been prepared (e.g. tapes
which have been transcribed verbatim, dated and verified accurate by signature), the
exact copy or exact transcript may be submitted.

Reagent Grade Analytical reagent (AR) grade, ACS reagent grade, and reagent grade are synonymous
terms for reagents that conform o the current specifications of the Committee on
Analytical Reagents of the American Chemical Society.

Reference Standard A standard, generally of the highest metrological quality available at a given location,
from which measurements made at that location. are derived.
Reporting Limit (RL) The level ai which method, permit, regufatory and customer-specific objectives are

met. The reporting limit may never be lower than the Limit of Detection (i.e.
statistically determined MDL). Reporting limifs are comecied for sample amounts,
including the dry weight of solids, unless otherwise specified. There must be a
sufficient buffer between the Reporting Limit and the MDILL,

Represeptativensss A quality element related to the ability o collect a sample reflecting the characteristics
of the part of the environment to be assessed. Sample representativeness is dependent
¢ on the sampling technigues specified in the project work plan.

Sample Delivery Group | A unit within a single project that is used to identify a group of samples for delivery.

{(SDG) An SDG 15 a group of 20 or fewer field samples within a project, received over a
period of up to 14 calendar days. Data from all samples in an SDG are reported
, concurrently.
i Sample Tracking Procedures employed to record the possession of the samples from the time of |

sampling unti! analysis, reporting and archiving. These procedures include the use of a
Chain-of~-Custody Form that documents the coliection, transpori, and receipt of
compliance samples to the laboratory. In addition, access to the faboratory is limiled
and controlied to protect the integrity of the samples,

Sensitivity The capability of a method or instrument to discriminate between measurement
responses representing different levels {concentrations) of a variable of imterest.
Standard A substance or material with properties known with sufficient accuracy to permit its

use o evaluate the same property in a sample.
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Standard Blank A calibration standard consisting of the same solvent/reagent matrix used to prepare
the calibration standards without the analytes, Tt is used to constroct the calibration
curve by establishing instrument background.

Standard Operating A written document which details the method of an operation, anajysis, or action
Procedure (SOP) whose techniques and procedures are thoroughly prescribed and which 1s accepted as
the method for performing certain routine or repetitive tasks
Stock Standard A concentrated reference solution containing one or mote analytes prepared in the
laboratory using an assayed reference compound or purchased from a reputable

commercial source.

Surrogate A substance with properties that mimic the analyte of interest. It is uniikely to be
found in environmental samples and is added to them for quality control purposes.

Systems Audit An on-site inspection or assessment of 2 laboratory’s quality system.

Traceability The property of 2 material or measurement result defining its relationship to

recognized intermational or national standards through an unbroken chain of
COMPATISons.

Training Document

A training resource that provides detailed instructions to execute a specific method or
job function,

Trip Blauk This biank sample is used to defect sample contzmination from the confainer and
preservative during transport and storage of the sample. A cleaned sample container is
filled with laboratory reagent water and the blank is stored, shipped, and analyzed with
its associated samples.

Uncertainty The parameter associated with the result of a measurement that characterized the

Measurement dispersion of the values that could be reasonably attrituted to the measurand { t.e. the

concentration of an analyte).
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The PASI Corporate Quality and Safety Manager fiies both a paper copy and electronic version of a Microseft
Word document with tracked changes detailing ail revisions made to the previous version of the Quality Assurance
Manual. This document is available upon request. All revisions are sumrnarized in the table below,

Document Number

Reason for Change

Date

Quality Assurance
Manual Revision 11.0

Overall conversion to template fornmat. Removed all references to Addénda.
Changes required based on conversion dre not explicitly noted unless change
Tepresents & significant policy change.

SECTION 1:

= Add comment to address continuous improvernent fo qualify system.

e Changed stafement of purpose in Section header to “Mission Statement”,

¢ Added requirements for appointment when Technical Director absent.

s Added requirements for notification to AA's and updates to
organizetional charts when management changes.

«  Added Client Services Manager job description.

SECTION 2:

« Changed temperature requirements 10 “Not Frozen but =6°C".

»  Added flexible section conceming defaulf sampling time in absence of
customer-specified time.

s Added flexible section to address sample and container identification by
the LIMS.

¢ Changed sample retention requirement to 45 days from receipt of
samples. Added comment allowing for storage outside of temperature
controlled conditions.

SECTION 3:

s Inserted allowance for use of oider methods.

« Changed references to work processing and training documents to allow
for use of LMS and other types of training media.

» Ingerted allowance for alternative DOCs where spiking not possible.

SECTION 4.

» Inserted reference to Anonyinous Message line.

« inserted reference to the use of default control Hmits.

»  Inserted allowance for release of data without corrective action for
obvious matrix interferences.

+ Inserted reference to the treatment of internal standards,

e Inscrted aliowance for use of MDL annual MDL. verification in fieu of
fulf 40 CFR Part 136 annual MDL studies.

« Inserted general procedure for LOQ verification

SECTION 5

s Added general process for approva] and use of QAM template,

o Removed specific reference of Work Process Manuals. Left flexible
section to include ail other controlied documentation.

SECTION &
s No changes noted.

SECTION 7:
« Added quafifications for secondary reviewers.

SECTION §&:
s Changed frequency listing for Corporate Audits.

SECTION 9:
s  Changed references from QA Track to Lab Track  left flexible to

178ep2007
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Docament Number Reason for Change Date
accommodate information still in QA Track.

SECTION 10:
« No changes noted.

SECTION t1:
¢ No changes noted.

ATTACHMENTS:
v Standardized format for Aftachiments.

Cuality Assurance General: replaced the word “client’ with ‘customer’, where applicable. 13Nov2008
Manual Revision 12.0
SECTION T

« Section 1.6.4: added language for clarity

Added new section 1.8.1; responsibilities of Senior General Managers.
Section 1.8.3: added reference to LMS.

Added new section 1.8.17: responsibilities of Waste Coordinators.
Section 1.9, Jast paragraph: changed ‘annually’ to ‘periodically’. Next to
last paragraph- added reference to LMS.

SECTION 2:

'+ Incorporated optional language into section 2,1 for Jaboratories with feld
services staff supervised by the laboratory

+  Added new section 2.2 entitled Field Services.

» Section 2.3: added reference to the new Review of Analytical Requests
SQOp.

¢ Changed oprional text in 2.6 to explain ow EpicPro assigns unique ID #
0 projects and samples including the unique container 1D

« Section 2.7.2: changed freezer temp requirement to match SOP.

SECTION 3:
= Section 3.4: Inciuded optional language for performing IDOCs for tests
not amenable to spiking vsing the “4 replicate’” approach.

SECTION 4:

= Section 4.1 expanded Janguage to allow elecironic signature and storing
of integrity training documentation within the LMS

o Section 4.10: revised and edded language regarding LOD studies, initial
verification and anoual verification, where appiicable,

+ Sectien 4.11: changed PRL to RI..

= Section 4.13: added editabie Hne regarding PT study information.
Changed wording to say approved PT providers are atilized

¢ Section 4.14: added sentence regarding rounding rules listed applying
only to LIMS.

SECTION 5: _
« Section 3.1, last bullet point: changed language to reflect that SOPs must
be locked from priating if eontrolled electronically,

SECTION 6:

«  Section 0.3.1: adjusted language about classes of weights potantially
used,

«  Section 6.3.3: removed customer-specific requirement to re-calibrate
every fowr hours but added space for this to be added back in where

applicable.

= Added reference fo Attachment 15 in the introductory paragraph s this
section,

SECTION 7:

o Sections 7.1-7.3: added langnage for those Jabs that are minimizing or




. Quality Assurnnse_Manua!
36‘8 An&!yﬂCﬂf Revision: 12.0

Page 58 of 75

Document Number Reason for Change
eliminating the need for paper copies.

o Section 7.2: clarified language in numbered items so that it does not
appear that all £ criteria must be applicable at one time.

« Section 7.3: added list of approved signatories for final reports.

Date

SECTION 8:

» Section 8.1.2, last paragraph: revised language regarding data infegrity
issues and added a timeframe to notify costomers of affected data.
= Added section 8.5 “Customer Service Reviews”- 180 requiremnent

SECTION 9:
+ Added new sectiop 9.3 regarding Preventive Action.

SECTION 10:
v No revisions,

SECTION 11:
e Norevisiens.

Attachments;
« Attachment I1b: updated corporate org chart
« Attachment VIIE: revised to match the current Analvtical Guides.
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ATTACHMENT |

Quality Control Calculations

PERCENT RECOVERY (%REC)

{(MSConc — SampleConc)
TrueValue

YREC = *100

NOTE: The SampleCone is zero (0) for thel.CS and Surrogate Calcuiations
PERCENT DIFFERENCE (%D}

e 1 & e T30 Vo
YD = MeasuredValue — TrueValue 100
TrueValue

where:
TrueValue = Amount spiked (can also be the CF or RT of the ICAL Standards)
Measured Value = Amount measured (can zlso be the CF or RF of the CCV)

PERCENT DRIFT

) CalcularedConcentration — TheoreticalConcentration
Yo Drift = : - *100
TheoreticalConcenirtion

RELATIVE PERCENT DIFFERENCE (RPD)

_JRI-RY)) L

(RL+R2)/2
where:
RI = Resuit Sample ]
R2 = Result Sampie 2

CORRELATION COEFFICIENT (R)

S W, (X, - XY, - )

i=l

CorrCogff = 7w — N -
\/(wa X, - Xﬂ*( DLW Y, - Yﬂ
iml JoA = /
With: N MNumber of standard sampies invoived in fhe calibration

i index for standard samples
Wi Weight factor of the standard sample no. i

Xi X-value of the standard sampie no. i
X(bar) Average value of all x-values
Yi Y -vahue of the standard sample no. i

Y{bar} Average value of all y-vajues
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ATTACBMENT I (CONTINUED)

Quality Contrel Calculations (continued)

STANDARD DEVIATION (5)

where:

n = gumber of data points

X; = individual data point

K = average of all data points
AVERAGE (X)

>

E o A=l
i
where:
n = nuirber of date points
X = individual data point

RELATIVE STANDARD DEVIATION (RSD)

S
RSD = —=*100
X
where:
EX = Standard Deviation of the data points
X = average of all data points
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PASI - PITTSBURGH ORGANIZATIONAL CHART

_FaceAnalvtical”
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ATTACHMENT B

PASI ~ CORPORATE QORGANIZATIONAL CHART

CORPORATE/MANAGEMENT STRUCTURE

Chief Executive Officer
Steve Vandarboom

VP Lifs Solence Dperation
Greg Kupp

Administrativa Agsistant
Jan Hovand

Minnesota Chief Operating Officer VP Sales & Marketing Director, Quality. Safely & Training Ghief Financiat Officer
Operaticns Jack Duflaghan Grogory Whilman Bruce Warden fhichael Prasch
Kansas Lab Caroiinas |
Genera Mar, A Sr.General Mgr.
David Nea Joft Graham, _— :
Lab Ops ™\ Regionai Saies M. ?mgi ,D;::g‘e: Purchasing Manager | | | Administrative Asst
$r, General Mar. Kaﬁs%: &GPlﬁ‘csburgh T }-;arrisong Betty McCool Vangi Par
Gabe LeBrun Puisturghtap P tndy Lab ki Gtk !
AsstGeneral Myr. Sr. General Mgr. i
Harry Borg Karl Anderson
! Regional Seles Mg, Qualily Manager
Minnesata, Juiip Trivedi i
. o " Director
Professionz! Services Guf Coasl T M Figld ndianepdis & information
" Genera Mor. Generat Mor. Gresn Bay " Acsounting Manager
Gereral Wi, sonerd ¥ Technology Stacy MaCiinteok
Todd Mche Cheis Weattingion Dan Stack Michas King Diane Dumer ary MeCiltcc
Training Program
X Regionz! Saies Mar, itarager
Puert? Rico ™ MN Lab G Coast, Carolings) Velanie Melz
& Geﬂej:‘ Mar. Ganeral Mar. \\ & Puerp Rico !
chart Ramnaring Sarah Chemey $im Melfgan 8¢, Pinencial Angiyst Oirector
i Sefely & Erik Brown Haman Resotrces
wlian L WA La Environmental Bgr. Loann Grit
Ganaral M. WA Lah
i . b Adam Netzer
Nils Wellsert Asst, General Mgr. i
Steve Wiisan Markefing Specialist
\ Supervisar
#iLeb Willizn Blay
Generat Mgr.
Arife Ramamngtf -
Date

Steve Yandersoom, Cllel Exesufive Dfficer  Dec 2008
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ATTACBMENT III

PASI — PITTSBURGH EQUIPMENT LIST

Environmental Lab -

Hewiett-Packard 5973 M3 Semivoad

Hewleti-Packard 5973 Mé6 Semivosa
Hewlett-Packard 3673 M7 Semivoa
Hewlett-Packard 5993 HP1 Volatiles
Hewlett-Packard 5873 Hp2 Volatiles
Hewlett-Packard 5973 Volatiles
Hewlett-Packard 5973 Valatiles

T SR

Hewlett-Packard SE00A GC A Pest/PCB
Hewlewt-Packard 3890A GCD PCB
Hewleti-Packard 5890 Series 1T GCG Herbicides
Hewlett-Fackard S890A GCC TPH/DRO
Hewlett-Packard 5890 Series I GCP Glycols/Alcohols
Hewieti-Packard ’SSQQ Sﬁrles his GCK GRO

I’CP i

Themfo Jerrell Ash f ICAP biE | ICP 1 Trace Metals

Mercary

Leoman 520010 [ Hg 1 Mercury
Cetak M-6100
- Automated Spectrophotomefers © BT T
Lachat QuickChem 8000 Wet Chem
SmartChern Discreet Analyzer Wet Chem

Total] Organic Carbon =5 5 110 ol o Do R S R e D "
o1 Anaivtical ; 1030
‘ipectmphntomcters TSR e

Mercury

Wet Chem o

Sequoia Tumcr SP 8‘3{3 Wet Chem

Hach DR3000 Wet Chem
Inﬁﬁred‘ﬁpecﬂfophotdmeter G R R R e T e
i Perkin Elmer f 1310 | ! TPH

Solvent Extractor -

5 D;Gnex i A%E-ZUU ! } Sol Extraction
Solid Phase Extractor - 0 ' ' 5 Cial T R R
: 1 Herizon
Microwave Extractor -7 o o R R I
! Mars i 230760 | | Soil Exwaction
Jon Chromatograph -~ " 0 AN T T T e T
| Dionex ] LC20 l i Anions

~Dex 3000% ! | 16644
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Carbon/Sulfur Analyzer’
| LECO | EC12 755-10D | Carbon - Sulfur
‘Moisture Analysis 7 : S L splil ‘ o i el
$ ?anametncs i Image Series 2 E % % Mositure
Gamma Spectrometer. | B L . e B
Canberra Hy C‘e Detecmr 10% 1GC-4019 A L5647 Gamma Spec
Canberra HP Ge Detector 40% (GX35019 B {15648} Gamma Spec
Canberrs HP Ge Detector 60% GC-6022 C {O0S) CGamma Spec
Canberra HF Ge Detector 20% GR-3521 D Gammna Spec
| Ortec HP Ge Detector 100% GEM1U0P4ST 1 {19623} Gamma Spec
[ Ortec HP Ge Deteciar 130% GEMI008 2(1962%) Gamma Spec
Canberra Nal g 1-4 Gamma Spec
{igs Flow Proportienal Counter - Ll AR I
Berthiold (10 Detectors} 1 10 (1 564%} Radiochem
Protean {"8 Dcwctors} MPC-2604 11-38 Radiochem
Liguid Scintillation Counter TR SR R LT
Parckard | Bcnc'ntop Lsc, | Tri-Carb 2900TR \ | Radiochem
“Alphea Bpecrometer: : o

Cunberra Canberra Alpha Analyst 1-24 (15 64‘?) Radiochem
Oxford-Temelec | Tennelec Alpha Oasis ' Radiochem
:Alpha Scintillation ‘Conniers o L

Ludium ' Ludium
“Kinetic Phosphorescence Analyzer
Chemchek | KPA | KPA-11 | | Uranium

! Model 2004 Scater
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ATTACHMENT IV
PASI —PITTSBURGH FLOOR PLAN
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ATTACHMENT V

PASI — PITTSBURGH SOP LisT

Revision

PACE SOP No. Daocument Mame
PGH-C-003 2 | Review and Verification of Data
PGH-C-001 0 | Sample Mamagement
S-ALL-C-002 0 | Bottle Order Database
PGH-CO06 3 | Assignment of Project Numbers and Saimple Identifications
PGH-C-G08 ] Subcontracting Analytical Services
PGH-C-00% 1 | (lassware Washing
PGH-C-012 ¢ Customer Complaints
PGH-C-016 i Datz Packages
PGH.C-017 i | Waste Munapement & Disposal
PGH-C-014 A | Hood Face Velvcity Measuraments
PGH-C-024 0 | Cosler Tracking
PGH-CA025 0 | PADEP MCL Violation Reporting
PGH-L-001T 3 1 Hrror Correction Policy
PGH-L-003 0 ! Incomung Work Policy
PGH-1L-004 2 | Signature Stamp Policy
PGH-L-005 0 | Commarcial Dedication of Services and Supplies for Safety Projects
POH-CH02 1t Training of Laboratory Persorued
S-ALL-Q-001 7 | Preparation of Standard Operating Procednres
PGH-C-023 3 | Archiving Laboratory Documents
S-ALL-Q-002 2 Document Management
S-ALL-Q-003 2 ! Document Nusnberfng Procedure
S~ALL-Q-004 4 | Method Detection Limit Studies
ALL-PGH-0O-004 ¢ 1 MDL Addendum
ALL-Q-005 2 | Purchage of Laboratory Supplies (& Addendum)
ALL-Q-006 1 Receipt and Storage of Laboratory Supplies {& Addendam)
PGH-C-011 3 | Corrective Actions
PGH-C-020 1 | Logbook of Logbooks
PGH-C-022 1 ! Spreadsheet Validation
PGH-C-(21 1 Measurement of Unvertainty
S-ALL-Q-009 2 Laboratary Docwimentation
S-ALL-0-010 2 | PEFPT Program
S-ALL-(-011 1 | Audits and Inspections
S-ALL-Q-013 1 Support Egquipment
S-ALL-0-014 I | Quality System Review
S-ALEQ-Gi6 3 | Manual Integration
S-ALL-Q-D18 2§ Moniwring Storage Uniis
S-ALLA-021 3 | Subsampling (Sample Homogenization)
ALL-Q-022 I ¢ Continuous Process Improvement
S-ALL-Q)-023 2 | Standard & Reagent Prep & Traceahility
ALL-PGH-Q-025 § | Standard & Reagent Prep & Traceability - Addendum
S-ALL-D-027 {0 ! Evaluation and Qualification of Vendors
S-ALL-(-028 0 | Useand Operations of Lab Track System
S.AL1L0.020 { MintMiner Data File Review
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