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Section 1

Introduction

This document details the study plan to undertake and complete the first of three proposed phases of
the soil partitioning treatability study for Area IV of the Santa Susana Field Laboratory (SSFL). Phase 1
will use particle size sieving to determine soil particle size fractions at select study plots within Area
IV, and chemical analyses to determine how contaminants are distributed amongst these soil particle
size fractions. Phase 1 is the focus of this document. Phase 2 proposes a series of chemical extraction
analyses to determine the relative binding intensity of the contaminants to the soil particles. This
phase would determine the contaminants’ availability for phytoremediation and/or bioremediation,
and if extractants could be used to chemically separate the contaminants from the soil. Phase 3
proposes field scale testing to determine if particle separation technologies such as soil washing can
be implemented at the field scale for Area IV.

This study plan describes the work to be completed during Phase 1 of the soil partitioning treatability
study. The work proposed for Phase 2 is discussed in Section 7 of this document. The work proposed
for Phase 3 is introduced in Section 7 and will be discussed in more detail in any future Phase 3 plan.
The necessity of Phases 2 and 3 will be evaluated after the review of Phase 1 findings.

The soil partitioning study is one component of a series of five treatability studies being conducted by
the United States Department of Energy (DOE) in compliance with the Administrative Order on
Consent (AOC) that DOE signed with the California Environmental Protection Agency Department of
Toxic Substances Control (DTSC) in 2010. The AOC specifies the cleanup standards for Area IV.
Included within Section 2.6 of the AOC is a requirement for DOE to conduct soil treatability studies to
identify remediation technologies that can reduce Area IV soil contaminant concentrations to
regulatory levels in place. DOE is also looking to determine technologies that can reduce the volume of
contaminated soil requiring treatment or disposal. This treatability study plan partially addresses the
AOC requirement to conduct soil treatability studies. DTSC has the regulatory authority for approving
and accepting the results of all Area IV treatability studies. The overall objectives and relationships of
the five treatability studies are described in the Master Work Plan, Soil Treatability Studies, Area IV of
SSFL (CDM Smith, 2013).

This study plan was jointly developed by the University of California, Riverside (UC Riverside) and
CDM Smith to identify and describe the scope and steps required to conduct the Evaluation of
Partitioning of Soil Contaminants treatability study. This study plan has been developed under
CDM Smith contract No. DE-EM0001128, Task Order DE-DT0003515.

1.1 Purpose of Study

The purpose of Phase 1 of this study is to determine soil particle size distributions in Area IV soils and
assess if Area [V soil contaminants are preferentially partitioning to certain soil size fractions. If
contaminants are preferentially partitioning to certain soil size fractions, the more contaminated
fractions could be physically separated from the less- or non-contaminated size fractions during
future remediation efforts. This separation would reduce the volume of contaminated soils that need
to be removed from Area IV for treatment or disposal.

CDM
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Section 1 e Introduction

The purpose of the proposed Phase 2 of this study is to determine how tightly bound the contaminants are
to the soil particles. Contaminants bind to soil particles through one of two processes: 1.) a physical
process that occurs on the surface of the soil particle, called "adsorption” or 2.) chemical absorption
processes where the contaminants bind within either organic matter (for organic contaminants) or to soil
minerals (for inorganic contaminants) in the soil particle. Phase 2 would determine the strength of these
bonds by using a series of chemical extraction analyses in an attempt to chemically separate the
contaminants from the soil. This information would provide insights into the bioavailability of the
contaminants for bioremediation or phytoremediation. Phase 2 would also determine if these extractants
could be used to remove the contaminants from the soil particles during such engineered remediation
efforts as soil washing.

The purpose of the proposed Phase 3 of this study is to determine the applicability of separation
processes such as soil washing to remediating Area [V soils. Phase 3 would provide information
useful to designing any full scale remediation effort that uses particle size separation.

The contaminants of interest (COI) for this study are a subset of the soil contaminants observed in Area IV.
The COIs to be investigated for soil partitioning in this study are polyaromatic hydrocarbons (PAHs), total
petroleum hydrocarbons (TPH), polychlorinated biphenyls/polychlorinated terphenyls (PCBs/PCTs),
polychlorinated dibenzo-p-dioxins (dioxins), and metals. This treatability study, along with the other four
studies, will support the evaluation of methods for reducing Area IV soil contaminant concentrations to
regulatory levels in place and/or reducing the volume of contaminated soils that may need to be removed
from Area [V by more traditional remediation methods, such as excavation and offsite transportation/
disposal.

1.2 Overview of Study

DOE initiated the treatability study process in May 2011 when it contracted Sandia National Laboratories
(Sandia). Sandia’s role was to evaluate potential soil remediation methods and to make recommendations
as to what treatment technologies may be applicable to Area IV. DOE concurrently engaged a community
working group, the Soil Treatability Investigation Group (STIG), to participate during the course of
Sandia’s evaluation of treatability study options. STIG attended Sandia-led meetings and provided input
on the selection of technologies that would be evaluated during the soil treatability studies.

Some of Sandia’s key questions to evaluate potential soil remediation methods were to determine
(adapted from Sandia, 2012):

=  What are the particle size distributions for the Area IV soils?

= Do contaminants known to be present within Area IV preferentially reside with the soil fines or
are they uniformly/randomly distributed throughout the soil with the various particle sizes?

*  Which contaminant groups are preferentially associated with the fines and which are not?

*  Can multiple contaminants be remediated at the same time utilizing this technique and, if so,
which contaminant groups?

Phase 1 of this soil partitioning study has been developed to address Sandia’s key questions. Phases 2 and 3
will build upon the information gathered during Phase 1 and address additional questions regarding soil
washing posed by Sandia. Phase 1 will determine soil particle size distributions by sieving soil samples from
Area 1V study plots into four soil particle size fractions. Each of these particle size fractions will then be
analyzed for the COIs to determine if the COIs are preferentially partitioning to a certain size fraction. Phase 2
is proposed to inform the bioremediation and phytoremediation treatability studies, as well as provide
information for Phase 3. Phase 3 is proposed to inform possible full scale remediation efforts.

CDM
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1.3 Study Plan Structure

The remainder of this study plan is organized as follows:

cDMm

Roles and responsibilities of study team

Study basis

- Study objectives

- Study phases

Phase 1 study approach

- Process for identification of study plot locations
- Soil sampling procedures

- Sample homogenization and sieving procedures
- Sample analytical procedures

- Soil partitioning pilot test

- Health and safety requirements

- Quality Assurance/Quality Control requirements
Phase 1 study report description

Phase 1 study schedule

Soil Partitioning Treatability Study: Phases 2 and 3
-Phase2: Sequential extraction analysis

- Phase 2: Surfactant extraction analysis

- Phase3: Soil washing

References

Smith
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Section 2

Roles and Responsibilities of Study Team

The soil partitioning study team consists of seven entities. These entities, and their roles and
responsibilities, are briefly described below.

DOE is a responsible party for Area IV of SSFL and is providing funding for this study.

CDM Smith will provide overall project management and contracting, is jointly responsible with UC
Riverside for preparing this study plan and the subsequent Phase 1 soil partitioning treatability study
report, performing sample collection, conducting the study with UC Riverside and the contract
laboratories (EMAX and Lancaster), and working with DTSC to gain regulatory acceptance of this
study plan and the Phase 1 soil partitioning treatability study report.

UC Riverside is jointly responsible with CDM Smith for preparing this study plan and the subsequent
Phase 1 soil partitioning treatability study report, conducting the study with CDM Smith and the
contract laboratories, and presenting the Phase 1 soil partitioning treatability study report to the
STIG.

DTSC is the regulatory agency over Area IV of SSFL and retains ultimate approval authority of this
study plan and the Phase 1 soil partitioning treatability study report.

Contract laboratories will perform geotechnical sieve analyses (EMAX) and chemical analyses (EMAX
and Lancaster) of soil samples.

California Polytechnic State University (Cal Poly) will use the results of the proposed Phase 2 extraction
analyses to help determine the bioavailability of the COIs for bioremediation and/or
phytoremediation.

STIG will continue to participate during the progress of this study and will be updated on progress and
results.

CDM
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Section 3

Study Basis

Chemicals spilled on the soil surface or released into the subsurface are common sources of soil
contamination. A contaminant can bind (“partition”) with the soil particles as the contaminant mass
migrates across the soil surface and/or infiltrates down through the soil matrix. The size and type of soil
particle(s) that the contaminant binds to depends on the physical structure and composition of both the
contaminant and the soil particles. Once we know the types and sizes of the soil particles where the
contaminants are binding, remediation systems can be designed to separate the contaminated soil
particle sizes from the less- or non-contaminated particle sizes. Phase 1 of this study will determine the
particle sizes of Area IV soils and to which particle sizes the contaminants are binding.

Contaminants can either physically bind to the soil particle surface or chemically bind with organic or
mineral portions of the soil particle. The strength of these bonds depends on whether the bond is physical
or chemical, and the contaminant(s) properties. The bond strength between a contaminant and a soil
particle determines if phytoremediation or bioremediation processes can remove or access the
contaminant on the particle and begin to either degrade or, in the case of plants, accumulate the
contaminant. Extraction analyses, like those proposed for Phase 2 of this study, can determine the relative
strength of these contaminant-soil particle bonds. The relative strength is determined by exposing the
contaminated soil particle to a series of chemicals and physical conditions. These extraction analyses use
different chemicals, reaction times, temperatures, and pH conditions to try to break the contaminant-soil
particle bonds. The bond strength is determined by what step in the extraction series finally removes the
contaminant from the soil.

Knowing the strength of the contaminant-soil bond is useful to remediation design in two ways. First,
knowing how strong the contaminant-soil bond is provides some of the information necessary to
determine if microbes or plants can remove or access the contaminant on the soil particle and degrade
or accumulate it. Second, knowing the strength of the bond provides information on what kind of
extractant and/or physical conditions would be needed during a field scale soil washing process to
remove the contaminant from the soil particles. The proposed extraction analyses would provide this
necessary information for the bioremediation and phytoremediation treatability studies, as well as
information for Phase 3 of this study.

3.1 Study Objectives

Phase 1 of this treatability study will determine (1) the distribution of soil particle sizes at certain study
plots in Area IV, and (2) if COIs are binding to a particular soil particle size fraction in those study plots.
These two pieces of information can inform any future particle separation remediation processes and be
used to estimate the volume of Area IV contaminated soil requiring treatment or disposal.

Phase 2 of this study is proposed to investigate the strength of COI-soil particle bonding. The bond
strength will be determined by surfactant and sequential extraction analyses. Knowing the bond
strength will provide information about the bioavailability of the COIs and the chemical extractants
that would be required during remediation processes such as soil washing.

Phase 3 will determine if remediation processes such as soil washing would be applicable for a full
scale soil remediation in Area IV.

The necessity of Phases 2 and 3 will be evaluated after the review of Phase 1 findings.

CDM
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Section 3 e Study Basis

3.2 Study Phases
3.2.1 Phase 1: Soil Partitioning

Phase 1 will involve the following general steps:
= Identify six Area IV study plots for this study

=  Collect the required volume of soil, as determined by a pilot test (Section 4.5), for
geotechnical and chemical analyses from soil cores taken at these six Area IV study plots

= Homogenize the soil samples from each respective study plot and analyze the homogenized soil
sample for COI concentrations

= Sieve the homogenized soil sample into four particle size fractions

*  Analyze the four particle size fractions for COI concentrations

3.2.2 Phase 2: Extraction Analyses

Phase 2 is recommended to determine how tightly bound the COIs are to the soil particles by using
surfactant and sequential extraction analyses. Phase 2 results would help to determine (1) how
amenable the soil may be to treatment by bioremediation and/or phytoremediation and (2)
whether mild extractants can separate the COIs from the soil particles during mechanical/chemical
separation processes such as soil washing.

Phase 2 is discussed in detail in Section 7 of this document.

3.2.3 Phase 3: Field-scale Tests of Soil Washing

Implementation of Phase 3 is pending the findings of Phases 1 and 2 of this study. Phase 3 would
determine if remediation technologies such as soil washing could be implemented full scale at Area IV.
Phase 3 would use the results of Phases 1 and 2 to design a separation and treatment system to (1)
separate the contaminated soil fraction(s) from the rest of the soil and (2) chemically separate the
COIs from the soil particles.

Phase 3 is introduced in Section 7.3 of this document. Phase 3 will be discussed in detail in any future,
additional pilot soil washing plans.

CDM
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Section 4

Phase 1 Study Approach

Phase 1 of this study will include the following general steps: identify sample locations, collect soil
cores, homogenize the soil cores, analyze the homogenized soil for COI concentrations, sieve soil
samples into four size fractions, and analyzing those fractions for COI concentrations. Phase 1 will
also include a pilot scale test. These steps and the pilot scale test are discussed below.

4.1 Process for Identification of Study Plot Locations

Six study plots will be investigated for Phase 1 of this study. The proposed soil partitioning study plots
will coincide with the natural attenuation, bioremediation or phytoremediation treatability study
plots/sample locations. The selection of natural attenuation, bioremediation and phytoremediation
treatability study plots/sample locations are discussed in the respective treatability study plans. One
of these six study plots will be used for a soil partitioning pilot test. The pilot test will determine the
volume of soil needed for the Phase 1 geotechnical and chemical analyses, and is discussed in Section
4.5 of this document. The remaining five soil partitioning study plots will be sampled after the results
of the pilot test are known.

The soil partitioning treatability plot locations will coincide with the natural attenuation,
bioremediation or phytoremediation study plots/sample locations to allow this study to provide
additional information for those three studies. The soil partitioning treatability study plot locations
will be laterally distributed across Area IV.

4.2 Soil Sampling Procedures

Soil sampling procedures will follow the Standard Operating Procedure (SOPs) previously approved

by DTSC in the Work Plan for Chemical Data Gap Investigation Phase 3 Soil and Chemical Sampling at
Area 1V, Santa Susana Field Laboratory, Venture County, CA (CDM Smith, 2012a). Applicable Phase 3
SOPs are included in Appendix D of this document.

Multiple cores will be collected from within a 5-foot radius circle of the central sampling point at each
of the six study plots. Multiple cores will be taken to ensure that the minimum quantities of soil
needed for sieving and chemical analyses are collected. A pilot test, described in Section 4.5, will be
performed to determine the number of cores needed to produce the required sample volume.

The soil cores will be extruded from the stainless steel coring sleeve and the 6” to 18” interval of the
soil core below the soil surface will be collected. The 6” to 18” depth interval coincides with the
expected root growth zone of the majority of plant species being investigated in the phytoremediation
treatability study. The 6” to 18” depth core intervals will be placed in one container for delivery to
the contract laboratory. The sample container volume will be determined pending the results of the
Soil Partitioning Pilot Test because the approximate quantity of soil needed to produce the required
soil mass for chemical analyses for each soil size fraction will not be known until after the pilot test
(Section 4.5) is completed. CDM Smith will deliver the samples to EMAX, one of the contract
laboratories.

CDM
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Section 4 e Phase 1 Study Approach

4.3 Sample Homogenization and Sieving Procedures

Following the receipt of sample material, EMAX will homogenize the soil per SOP 17, Laboratory
Homogenization For Phase 3 Soil Samples. Homogenization will be done before sieving or chemical
analyses. The homogenized soil will then be analyzed for the COIs in Table 4-2. Then the homogenized
soil will be sieved into four size fractions using ASTM Method 2488-09a. The four particle size
fraction designations for this study are presented in Table 4-1.

Table 4-1 Soil particle size fractions

Designation Size Range (mm) U.S. Sieve Mesh

Coarse sand and gravel >2.00 +10m
Medium sand 0.425 - 2.00 +40m/-10m
Fine sand 0.075 - 0.425 +200m/-40m
Silts and Clays (Fines)  <0.075 -200m

4.4 Sample Analytical Procedures

The homogenized soil samples will be analyzed for the COIs in Table 4-2 prior to sieving. Each soil size
fraction will be also be analyzed for the COIs in Table 4-2.

4.5 Soil Partitioning Pilot Test

A pilot test will determine the approximate volume of soil (and, as a result, the proper size sample
container for each sampling location) needed so that each of the four particle size fractions will have
enough soil mass after sieving for the required chemical analyses in Table 4-2. The pilot test will use the
same coring, sieving, and analysis procedures used for the soil partitioning treatability study. The pilot
test will be conducted within the phytoremediation study plot and in close proximity to both one of the
natural attenuation treatability study sampling locations and one of the proposed bioremediation
treatability study sampling locations. This will allow the soil partitioning pilot test to provide additional
physical and chemical soil information for the phytoremediation, bioremediation, and natural
attenuation treatability studies. Soil sampling procedures for the pilot test will follow applicable Phase

3 SOPs (CDM Smith, 2012a). Applicable Phase 3 SOPs are included in Appendix D of this document.

The pilot test will involve collecting multiple soil cores from within a 5-foot radius circle in a study
plot. Each soil core will be extracted from the stainless steel coring sleeve and the interval of 6” to 18”
below the soil surface will be collected. This interval from each core will be placed in a labeled 5-gallon
bucket with a Teflon liner. Cores will be taken within the circle until the 5-gallon bucket is filled. CDM
Smith will deliver the bucket to EMAX. EMAX will homogenize the soil, per SSFL SOP 17, Laboratory
Homogenization For Phase 3 Soil Samples. EMAX will then take aliquots of the homogenized soil for
each of the chemical analyses presented in Table 4-2. This will provide a pre-sieving determination of
the level of COls in the soil mass being subjected to particle size determination.

The laboratory will then sieve the homogenized soil (per ASTM Method 2488-09a) into the four size
fractions presented in Table 4-1. The laboratory will sieve the homogenized soil until the four size
fractions have accumulated adequate soil mass to conduct all of the chemical analyses presented in
Table 4-2. The laboratory will record the amount of homogenized soil required to accumulate the
required soil mass for analyses after sieving. The four mass fractions will then be analyzed for the
analytes presented in Table 4-2. Twice the amount of soil required to accumulate the required soil
mass for analyses after sieving, as determined by the pilot test, will be collected at each of the five
remaining soil partitioning study plot locations. Twice the required amount of soil will be collected
to account for any differences in soil particle size distributions between study plot locations.

CDM
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Section 4 e Phase 1 Study Approach

Table 4-2 Analytical requirements

Soila- Analytical Method Hold Time
Analyte required
mass
(grams)
EPA Method 8082A Gas 14-days to extraction and
PCB 30 Chromatograph/Electron Capture 40 days to analysis
Detector (GC/ECD)
EPA Method 1613B Gas Chromatograph/ ~ 30-days to extraction and
DioxinsP 10 High Resolution Mass Spectroscopy 40 days to analysis
(GC/HRMS)
EPA Method 8270C/D SIM Gas 14-days to extraction and
PAH 30 Chromatograph/ High Resolution Mass 40 days to analysis

Spectroscopy (GC/HRMS)

7-days to extraction and

EPA Method 8015B/C/D Gas 40 days to analysis for

TPH 15 Chromatograph/Flame Ionization
Detector (GC/FID) EFH. 14 days for GRO
EPA Method 6010C/6020A/7471B 6-months

Inductively Coupled Plasma (ICP) -Atomic
Emission Spectrometry (AES_, ICP-Mass

Metals 5 Spectrometry (MS), Mercury in Solid or

Semisolid Waste (Manual Cold-Vapor

Technique)
M 3 CVAAS: cold vapor atomic absorption 28-days

ereury spectroscopy EPA Method 7471B

Percent Moisture 10 ASTM D2216 7-days
Nitrogen 75 ASTM D5373 28-days
Organic Carbon 50 SM 5310B 28-days
Total 228

a: These masses are based on estimated soil moisture of 12%

b: EMAX will analyze soil samples for PCBs, PAHs, TPH, metals, mercury, percent moisture, nitrogen, and organic carbon.
Lancaster will perform dioxin analyses. EMAX will provide Lancaster with a single 4-ounce soil sample from each size fraction
for dioxin analyses.

4.6 Health and Safety Requirements

Health and safety requirements for activities in the field will follow procedures from the Worker
Safety and Health Program for Chemical Data Gap Investigation Phase 3 Soil Chemical Sampling at
Area IV, Santa Susana Field Laboratory, Ventura County, CA (CDM Smith, 2012b).

CDM
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Section 4 e Phase 1 Study Approach

4.7 Quality Assurance/Quality Control Requirements

The field sampling and analytical methods will follow procedures from the Quality Assurance Project
Plan (QAPP) outlined in the Master Field Sampling Plan for Chemical Data Gap Investigation, Phase 3
Soil Chemical Sampling at Area IV, Santa Susana Field Laboratory; Ventura County, CA; April 2012
(“Phase 3 QAPP”; CDM Smith, 2012c). Routine analytical procedures will be based on this Phase 3
QAPP. Analytical method reporting limits are presented in Appendix A. Quality control objectives are
presented in Appendix B.

CDM
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Section 5

Phase 1 Study Report Description

The Phase 1 study report will detail the methodologies used in Phase 1 of this treatability study,
deviations from this plan (if any), present the data produced by the contract laboratories’ analyses,
and provide recommendations for use of the information in future phases of soil partitioning
treatability studies and/or other treatability studies. The report will also provide insights into how
the information generated by this study could impact remediation efforts within Area IV. The Phase 1
study report will be completed after relevant data have been reviewed and analyzed.

The draft study report will be prepared by UC Riverside and CDM Smith. DOE and DTSC will
subsequently review the draft report and provide suggested comments and edits. CDM Smith will
revise the study report accordingly and provide DOE and DTSC with a second draft of the report for
their review. CDM Smith will then provide a finalized version of the Phase 1 report, incorporating any
necessary changes, to DTSC for approval.

CDM Smith will also prepare a comprehensive treatability evaluation report that will discuss the
results of the five treatability studies and their implications. The structure of the comprehensive
treatability evaluation report is presented in the Master Work Plan (CDM Smith, 2013).

The Phase 1 soil partitioning treatability study report will be structured as follows:

1. Introduction
a. Purpose of study
b. Summarized conclusions
2. Roles and responsibilities of study team
3. Basis of studies
a. Study objectives
b. Study phases
c. Study limitations
4. Study materials and methods
a. Background information/literature review and observations
Field activities and observations
Laboratory activities and observations
Analytical procedures/chemical analyses and observations
Health and safety requirements and observations
. Quality assurance/quality control requirements and observations
5. Study findings
a. Data presentation
b. Datareview and discussion
6. Conclusions
a. Implications for other studies
b. Recommendations

™o a0 o

7. References
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Section 6

Study Schedule

2013 2014

Quarter 3 Quarter4 Quarter1 Quarter2 @ Quarter3

Prepare Phase 1 study plan

Conduct Phase 1 field sampling program
and analyze results

Prepare Phase 1 draft study report

DTSC review of Phase 1 draft study report

Prepare Phase 1 final study report

Prepare proposed Phase 2 study plan

CDM
Smith 6-1
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Section 7

Soil Partitioning Treatability Study: Phases 2 and 3

Once the particle size distributions and COI partitioning from Phase 1 are known, the next step would
be to determine the strength of the COI-soil particle bond. The strength of this bond informs (1) how
amenable the soil may be to treatment by bioremediation and/or phytoremediation and (2) whether
mild extractants can separate the COIs from the soil particles during chemical separation processes
such as soil washing. The strength of the COI-soil particle bond can be determined by a series of
characterization tests called sequential and surfactant extractions (Sections 7.1 and 7.2 below).
These extraction analyses are proposed for Phase 2 of the soil partitioning treatability study. SOPs
for these analyses will be provided in the Phase 2 study plan. Soil washing would be investigated
during the proposed Phase 3 of this study (and is introduced in Section 7.3).

7.1 Phase 2: Sequential Extraction Analysis

Sequential extraction analyses can provide information on how strongly metal COls are bound to
the soil and their associated bioavailability. Sequential extraction utilizes a series of chemical
reagents of various strengths, reaction times, temperatures, and pH conditions to determine the
strength of the metal-soil particle bond. These steps have been discussed extensively in the
literature (Pickering 1981, Chao 1985, Kersten and Forstner 1989).

One of the more commonly used sequential extraction approaches is one forwarded by Tessier,
Campbell and Bisson (1979). Five operationally defined chemical binding associations are used in this
approach: exchangeable, carbonate, iron-manganese (Fe-Mn) oxide, organic, and residual. Short
descriptions of these fractions and the test conditions are summarized in Table 7-1.

Based on the sequential extraction outlined in Table 7-1, general treatment approaches for
determining the relative strength of metal-soil particle bonds and/or removing heavy metal COls
from soils can be developed. In addition, relative bioavailability of these metals can be assessed.
Although the sequential extraction method of Tessier et al. is generally applied to heavy metal
contaminants and not organic contaminants such as PAHs or PCBs, extracts from the sequential
extractions should be analyzed for the organic COIs as well to see if there are any insights to be
gained.

7.2 Phase 2: Surfactant Extraction Analysis

Surfactant extraction analyses can help to determine the bioavailability of organic contaminants that
are bound to soil particles. The potential for bioremediation and phytoremediation of persistent
organic contaminants such as PAHs, PCBs, TPHs, and dioxins can be correlated to the bioavailability
of these compounds in the soil matrix. Krauss and Wilcke (2002) suggested that bioavailability of
persistent organic compounds was related to the sorption strength of the organic compound to the
soil matrix. Stronger sorption strength equated to lower bioavailability. They proposed a sequential
extraction method using varying ratios of methanol and water to assess sorption strength.

o



Section 7 ¢ Recommendations and Next Steps

Although they found that PAHs and PCBs were found in most soil size fractions, the
bioavailability of PAHs and PCBs decreased as soil particle size decreased. Their conclusion was
that the characteristics of soil organic matter (SOM), where the PAHs and PCBs preferentially
adsorb, varied within different soil particle size fractions.

Another extraction method for determining bioavailability was proposed by Stokes et al. (2005) using
hydroxypropyl-B-cyclodextrin (HPCD), a non-toxic glucose-based surfactant. They demonstrated that
HPCD may be useful in estimating the concentration of PAH that can be degraded by biological
remediation (see Figure 7-1).

Determination of the SOM concentration within each soil size fraction and determination of the HPCD-
extractable PAHs, PCBs, TPHs, and dioxins can provide relevant information regarding the likelihood
for significant reduction of these compounds by bioremediation and phytoremediation.

Table 7-1 Contaminant partitioning by sequential extraction (Tessier, Campbell and Bisson, M. 1979)

Fraction Description Test Condition
Loosely bound contaminant 1 (mole) M magnesium chloride (MgCL2) (pH 7.0) or
Exchangeable metal; released via ion 1 M sodium acetate (NaOAc) (pH 8.2) at room
exchange mechanism temperature
antamlnant associated with 1 M NaOAc adjusted to pH 5.0 with acetic acid (HOAc)
Carbonate mineral carbonate; released by
. at room temperature
pH reduction
Contaminant associated with
. mineral Fe-Mn ox1.de; released 0.04 M hydroxylamine hydrochloride (NH20H-HCI) in
Fe-Mn Oxide by Oxygen Reduction 2506 HOAC at 96°C
Potential (ORP) reduction 0
0.02 M nitric acid (HNO3) with 30% hydrogen
Contaminant associated with peroxide (H202) adjusted to pH 2.0 with HNO3 at 85°C
Organic organic fraction. Metals bound repeated twice. 3.2 M ammonium acetate (NH40Ac)
by specific adsorption. in 20% HNO3 added thereafter to prevent re-
adsorption
Metals associated with the Determ}ned by sx}btr.actlon of previous fractions frqm
. : . total soil contamination concentration. the total soil
Residual primary and secondary soil

minerals

metal contaminant concentration is determined using
the EPA Method 3050 digestion procedure.

7-2
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Figure 7-1 Correlation between the concentration of PAH remaining after extraction with HPCD (Stokes,
et al. 2005)

7.3 Phase 3: Soil Washing

One of the full scale remediation methods proposed by Sandia for Area IV soil remediation is soil
washing (Sandia, 2012). When contaminants preferentially reside within certain soil size fractions,
soil washing is a process that is used to separate the contaminated size fractions from the non- or
less-contaminated size fractions. This separation reduces the volume of soil that requires
remediation. A schematic of the soil washing process is shown in Figure 7-2. Full scale soil
washing would be investigated during Phase 3 of this study.

The composition of the washing solution used in this process will vary from plain water to a solution
with extractants designed to desorb contaminants from the soil particles. The contaminant-laden
extractant wash would subsequently be treated in a wastewater treatment system. Evaluations of
some of these potential extractants would be performed during the proposed Phase 2 of this study.

CDM
Smith 7-3
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Figure 7-2 Soil washing process (U.S. Environmental Protection Agency 1996)
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Appendix A

Analytical Method Reporting Limits

Modified from CDM Smith. (2012). “Data Gap Work Plan QAPP For Chemical Data Gap Investigation Phase 3 Soil
Chemical Sampling at Area IV, Santa Susana Field Laboratory, Ventura County, CA.” Prepared for Department of
Energy, Energy Technology and Engineering Center. April.

Modifications to the Data Gap Work Plan QAPP include the addition of soil analyses for total nitrogen and
organic carbon.
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Analytical Method Reporting Limits

Analyte Reporting Reporting
Limit Limit

Dioxins/Furans by EPA Method 1613B

1,2,3,4,6,7,8,9-Octachlorodibenzofuran 8.1 ng/kg 20 pg/L
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin 140 ng/kg 20 pg/L
1,2,3,4,6,7,8-Heptachlorodibenzofuran 2.5 ng/kg 10 pg/L
1,2,3,4,6,7,8-Heptachlorodibenzo-p-Dioxin 13 ng/kg 10 pg/L
1,2,3,4,7,8,9-Heptachlorodibenzofuran 0.19 ng/kg 10 pg/L
1,2,3,4,7,8-Hexachlorodibenzofuran 0.73 ng/kg 10 pg/L
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 0.34 ng/kg 10 pg/L
1,2,3,6,7,8-Hexachlorodibenzofuran 0.3 ng/kg 10 pg/L
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 0.95 ng/kg 10 pg/L
1,2,3,7,8,9-Hexachlorodibenzofuran 0.43 ng/kg 10 pg/L
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 1.1 ng/kg 10 pg/L
1,2,3,7,8-Pentachlorodibenzofuran 0.59 ng/kg 10 pg/L
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 0.18 ng/kg 10 pg/L
2,3,4,6,7,8-Hexachlorodibenzofuran 0.45 ng/kg 10 pg/L
2,3,4,7,8-Pentachlorodibenzofuran 0.64 ng/kg 10 pg/L
2,3,7,8-Tetrachlorodibenzofuran 1.8 ng/kg 2 pg/L
2,3,7,8-Tetrachlorodibenzo-p-dioxin 0.5 ng/kg 2 pg/L
TCDD TEQ] 0.87 ng/kg 2 pg/L
Metals by EPA Method 6010C/6020A

Aluminum 20000 mg/kg 0.2 mg/L
Antimony 8.7 mg/kg 0.001 mg/L
Arsenic 15 mg/kg 0.002 mg/L
Barium 140 mg/kg 0.002 mg/L
Beryllium 1.1 mg/kg 0.0005 mg/L
Boron 9.7 mg/kg 0.05 mg/L
Cadmium 1 mg/kg 0.0005 mg/L
Calcium 20 mg/kg 0.2 mg/L
Chromium 36.8 mg/kg 0.002 mg/L
Cobalt 21 mg/kg 0.0005 mg/L
Copper 29 mg/kg 0.002 mg/L
Iron 28000 mg/kg 0.2 mg/L
Lead 34 mg/kg 0.001 mg/L
Lithium 37 mg/kg 0.02 mg/L
Magnesium 10 mg/kg 0.1 mg/L
Manganese 495 mg/kg 0.005 mg/L
Molybdenum 5.3 mg/kg 0.0005 mg/L
Nickel 29 mg/kg 0.002 mg/L
Phosphorus 10 mg/kg 0.1 mg/L
Potassium 6400 mg/kg 0.5 mg/L
Selenium 0.655 mg/kg 0.002 mg/L
Silver 0.79 mg/kg 0.0005 mg/L
Sodium 110 mg/kg 1 mg/L
Strontium 0.495 mg/kg 0.005 mg/L
Thallium 0.46 mg/kg 0.0005 mg/L
Tin 10.9 mg/kg 0.02 mg/L
Titanium 0.995 mg/kg 0.01 mg/L
Vanadium 62 mg/kg 0.0005 mg/L
Zinc 110 mg/kg 0.015 mg/L
Zirconium 8.6 mg/kg 0.05 mg/L
Nitrogen by ASTM D5373

Total Nitrogen I 0.5 I % I 0.5 I %
Organic Carbon by ASTM D5310

Organic Carbon I 1 | mg/kg | 1 I mg/L
Mercury by EPA Method 7471B/7470A/3200

Mercury | 009 | mgke | 00002 | mg/L
Methyl Mercury by EPA Method 1630

Methyl Mercury | 0.12 | pg/g | 0.06 | ng/L




Analytical Method Reporting Limits

Analyte Reporting Reporting
Limit Limit

Miscellaneous Analyses

Percent Moisture (D2216) 0.1 % NA NA
pH (9040C and 9045D) 8.86 pH 0.01 pH
PCBs and PCTs by EPA Method 8082A

Aroclor 1016 20.5 ug/kg 0.5 ug/L
Aroclor 1221 20.5 ug/kg 0.5 ug/L
Aroclor 1232 20.5 ug/kg 0.5 ug/L
Aroclor 1242 20.5 ug/kg 0.5 ug/L
Aroclor 1248 20.5 ug/kg 0.5 ug/L
Aroclor 1254 20.5 ug/kg 0.5 ug/L
Aroclor 1260 20.5 ug/kg 0.5 ug/L
Aroclor 1262 7.7 ug/kg 0.5 ug/L
Aroclor 1268 7.7 ug/kg 0.5 ug/L
Aroclor 5432 51.6 ug/kg 0.5 ug/L
Aroclor 5442 51.6 ug/kg 0.5 ug/L
Aroclor 5460 77 ug/kg 0.5 ug/L
Polynuclear Aromatic Hydrocarbons (PAHs) and NDMA (8270C/D SIM)

1-Methylnaphthalene 21.1 ug/kg 0.05 ug/L
2-Methylnaphthalene 21.1 ug/kg 0.05 ug/L
Acenaphthene 21.1 ug/kg 0.05 pg/L
Acenaphthylene 21.1 ug/kg 0.05 pg/L
Anthracene 21.1 ug/kg 0.05 ug/L
Benzo(a)anthracene 19.9 ug/kg 0.05 ug/L
Benzo(a)pyrene 21.1 ug/kg 0.05 ug/L
Benzo(b)fluoranthene 21.1 ug/kg 0.05 ug/L
Benzo(g,h,i)perylene 21.1 ug/kg 0.05 ug/L
Benzo(k)fluoranthene 20.4 ug/kg 0.05 pg/L
Chrysene 21.3 ug/kg 0.05 ug/L
Dibenz(a,h)anthracene 20 ug/kg 0.05 ug/L
Fluoranthene 20.5 ug/kg 0.05 ug/L
Fluorene 21.1 ug/kg 0.05 pg/L
Indeno(1,2,3-cd)pyrene 21.3 ug/kg 0.05 ug/L
Naphthalene 21.1 ug/kg 0.05 ug/L
Phenanthrene 21.1 ug/kg 0.05 ug/L
Benzo(e)pyrene 1.96 ug/kg 5 ug/L
N-Nitrosodimethylamine 25 ug/kg 0.05 ug/L
Benzo(a)pyrene [BaP] TEQ 21.1 ug/kg 0.05 ug/L
TPH by EPA Method 8015B/C/D

EFH (C12-C14) 5.05 me/kg 0.6 meg/L
EFH (C15-C20) 5.09 me/kg 0.6 meg/L
EFH (C21-C30) 5.09 mg/kg 0.6 mg/L
EFH (C30-C40) 1.4 mg/kg 0.6 mg/L
EFH (C8-C11) 5.05 mg/kg 0.6 mg/L

DRO - diesel range organics

EFH — extractable fuel hydrocarbons

EPA - United States Environmental Protection Agency

GRO - gasoline range organics

mg/kg - milligrams per kilogram

mg/L - milligrams per liter

ng/kg - nanograms per kilogram

ng/L - nanograms per liter

pg/L — picogram per liter

ug/L — microgram per liter

* - 1,2 dimethylhydrazine is very unstable, monitoring for this compound using azobenzene.
** - These compounds are tentatively identified compound (TICs) quantified using a single point calibration.
--=no value



Appendix B

Quality Control Objectives for Analytical Methods

Modified from CDM Smith. (2012). “Data Gap Work Plan QAPP For Chemical Data Gap Investigation Phase 3 Soil
Chemical Sampling at Area IV, Santa Susana Field Laboratory, Ventura County, CA.” Prepared for Department of
Energy, Energy Technology and Engineering Center. April.

Modifications to the Data Gap Work Plan QAPP include the addition of soil analyses for total nitrogen and
organic carbon.
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Quality Control Objectives for Analytical Methods

MS/MSD or BS/LCS
Surrogate Accuracy Criterion Accuracy Criterion
(% Recovery) (% Recovery)

Precision Criterion

Method Number (Maximum RPD)

Analytical Category

and Reference

pH EPA Method 9040C/9045D

pH NA NA 95-105 90-110 5

TPH EPA Method 8015B/C/D

EFH (C12-C14) — — — — — —
EFH (C15-C20) — — — — — —
EFH (C21-C30) — — — — — —
EFH (C30-C40) — — — — — —
EFH (C8-C11) — — — — — —
Polychlorinated biphenyls and PCTs EPA Method 8082A

Aroclor 1016 — — — — — —
Aroclor 1221 — — — — — —
Aroclor 1232 — — — — — —
Aroclor 1242 — — — — — —
Aroclor 1248 — — — — — —
Aroclor 1254 — — — — — —
Aroclor 1260 — — — — — —
Aroclor 1262 — — — — — —
Aroclor 1268 — — — — — —
Aroclor 5432 — — — — — —
Aroclor 5442 — — — — — —
Aroclor 5460 — — — — — —
Surrogate — — — — — —
Decachlorobiphenyl 45-120 45-120 45-120 45-120 NA NA
Metals EPA Method 6010 C/6020A

Aluminum 75-125 75-125 — 80-120 20

Antimony 75-125 75-125 — 80-120 20

Arsenic 75-125 75-125 — 80-120 20

Barium 75-125 75-125 — 80-120 20

Beryllium 75-125 75-125 — 80-120 20

Cadmium 75-125 75-125 — 80-120 20

Calcium 75-125 75-125 — 80-120 20

Chromium 75-125 75-125 — 80-120 20

Cobalt 75-125 75-125 — 80-120 20

Copper 75-125 75-125 - 80-120 20

Iron 75-125 75-125 — 80-120 20

Lead 75-125 75-125 — 80-120 20

Magnesium 75-125 75-125 — 80-120 20

Manganese 75-125 75-125 — 80-120 20

Nickel 75-125 75-125 — 80-120 20

Potassium 75-125 75-125 - 80-120 20

Selenium 75-125 75-125 — 80-120 20

Silver 75-125 75-125 — 80-120 20




Quality Control Objectives for Analytical Methods

MS/MSD or BS/LCS Precision Criterion

. Method Number Surrogate Accuracy Criterion Accuracy Criterion .
Analytical Category and Reference ¢ (% RecoverYy) (% Reycovery) iR L]
Sodium 75-125 75-125 — 80-120 20
Thallium 75-125 75-125 — 80-120 20
Vanadium 75-125 75-125 — 80-120 20
Zinc 75-125 75-125 — 80-120 20
Miscellaneous Analyses
Percent Moisture D2216 — — — — —
pH 9040C and 9045D — — — — — —
Total Nitrogen ASTM D5373 75-125 75-125 - 80-120 20
Organic Carbon ASTMD 5310 75-125 75-125 - 80-120 20
Dioxins/Furans EPA Method 1613B
2,3,7,8-TCDD 40-135 40-135 67-158 60-150 20
1,2,3,7,8-PeCDD 40-135 40-135 70-142 60-150 20
1,2,3,4,7,8-HxCDD 40-135 40-135 70-164 60-150 20
1,2,3,6,7,8-HxCDD 40-135 40-135 76-134 60-150 20
1,2,3,7,8,9-HxCDD 40-135 40-135 64-162 60-150 20
1,2,3,4,6,7,8-HpCDD 40-135 40-135 70-140 60-150 20
OCDD 40-135 40-135 78-144 60-150 20
2,3,7,8-TCDF 40-135 40-135 75-158 60-150 20
1,2,3,7,8-PeCDF 40-135 40-135 80-134 60-150 20
2,3,4,7,8-PeCDF 40-135 40-135 68-160 60-150 20
1,2,3,4,7,8-HxCDF 40-135 40-135 72-134 60-150 20
1,2,3,6,7,8-HXCDF 40-135 40-135 84-130 60-150 20
2,3,4,6,7,8-HxCDF 40-135 40-135 70-156 60-150 20
1,2,3,7,8,9-HxCDF 40-135 40-135 78-130 60-150 20
1,2,3,4,6,7,8-HpCDF 40-135 40-135 82-122 60-150 20
1,2,3,4,7,8,9-HpCDF 40-135 40-135 78-138 60-150 20
OCDF 40-135 40-135 63-170 60-150 20
Mercury EPA Method 7471B/7470A
Mercury 65-135 75-125 85-120 90-115 20
Methyl Mercury EPA Method 1630
Methyl mercury 70-130 75-125 70-130 77-123 30 25
PAH EPA Method 8270C/D SIM
Acenaphthene — — — — — —
Acenaphthylene — — — — — —
Anthracene — — — — — —
Benzo(a)anthracene — — — — — —
Benzo(a)pyrene — — — — — —
Benzo(b)fluoranthene — — — — — —
Benzo(g,h,i)perylene — — — — — —
Benzo(k)fluoranthene — — — — — —
Chrysene — — — — — —
Dibenzo(a,h)anthracene — — — — — —




Quality Control Objectives for Analytical Methods

MS/MSD or BS/LCS

o .. Precision Criterion
Method Number Surrogate Accuracy Criterion Accuracy Criterion

Analytical Category (Maximum RPD)

and Reference (% Recovery) (% Recovery)

Fluoranthene — — — — — —
Fluorene — — — — — _
Indeno(1,2,3-cd)pyrene — — — — — _
n-Nitrosodimethylamine — — — — — _
Naphthalene — — — — — _
Phenanthrene — — — — — _
Pyrene — — — — — _
1-Methylnaphthalene — — — — — —
2-Methylnaphthalene — — — — — —

Surrogates

Phenol-d5 25-120 20-120 25-120 20-110 NA NA
2-Fluorophenol 25-130 20-130 25-130 20-110 NA NA
2,4,6-Tribromophenol 35-130 30-130 35-130 30-110 NA NA
Nitrobenzene-d5 40-130 40-130 40-130 40-130 NA NA
2-Fluorbiphenyl 45-130 45-130 45-130 45-130 NA NA
Terphenyl-d14 45-135 45-135 45-130 45-130 NA NA

Acronyms and Abbreviations:
BFB = Bromofluorobenzene

BS/LCS = Blank Spike/Laboratory Control Sample
EPA = U.S. Environmental Protection Agency
MS/MSD = Matrix Spike/Matrix Spike Duplicate
NA = not applicable

RPD = Relative Percent Difference

PAH = polycyclic aromatic hydrocarbons

SIM = selected ion monitoring

= Laboratory-specific lower control limit-upper control limit or laboratory specific maximum RPD
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Appendix C

AOC Chemical Look-Up Table Values

AOC Chemical Look-Up Table values provided for informational purposes.
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AOC Chemical Look-up Table Values (6/11/2013)

Chemical Chemical Name Analytical Method Look-up
Class Table Value
(06/11/2013)

PAH 1-Methyl naphthalene 90120 EPA 8270 2.5 ug/kg
2-Methylnaphthalene 91576 EPA 8270 2.5 ug/kg
Acenaphthene 83329 EPA 8270 2.5 ug/kg
Acenaphthylene 208968 EPA 8270 2.5 ug/kg
Anthracene 120127 EPA 8270 2.5 ug/kg
Benzo(ghi)perylene 191242 EPA 8270 2.5 ug/kg
Fluoranthene 206440 EPA 8270 5.2 ug/kg
Fluorene 86737 EPA 8270 3.8 ug/kg
Naphthalene 91203 EPA 8270 3.6 ug/kg
Phenanthrene 85018 EPA 8270 3.9 ug/kg
Pyrene 129000 EPA 8270 5.6 ug/keg
BaP TEQ BaP TEQ EPA 8270 4.47 ug/kg

PCB Aroclor 1016 12674112 EPA 8082 17 ug/kg
Aroclor 1221 11104282 EPA 8082 33 ug/kg
Aroclor 1232 11141165 EPA 8082 17 ug/kg
Aroclor 1242 53469219 EPA 8082 17 ug/kg
Aroclor 1248 12672296 EPA 8082 17 ug/kg
Aroclor 1254 11097691 EPA 8082 17 ug/kg
Aroclor 1260 11096825 EPA 8082 17 ug/kg
Aroclor 1262 37324235 EPA 8082 33 ug/kg
Aroclor 1268 11100144 EPA 8082 33 ug/kg

Perchlorate | Perchlorate 14797730 EPA 6850/6860 1.63 ug/kg

Dioxin 2,3,7,8-TCDD TEQ 1746016- EPA 1613 0.912 ng/kg

TEQ

Mercury Mercury 7439976 EPA 7471 0.13 mg/kg

Methyl Methyl Mercury 22967926 1630 (Mod) 0.05 ug/kg

Mercury

TPH Gasoline (C4-C12) GROC5C12 EPA 8015 -- mg/kg
EFH(C8-C11) PHCC8C11 EPA 8015 -- mg/kg
EFH(C12-C14) PHCC12C14 | EPA 8015 -- mg/kg
EFH(C15-C20) PHCC15C20 | EPA 8015 5 mg/kg
EFH(C21-C30) PHCC21C30 | EPA 8015 -- mg/kg
Oil (C30-C40) PHCC30C40 | EPA 8015 -- mg/kg




Chemical Chemical Name Analytical Method Look-up

Class Table Value
(06/11/2013)

Metals Aluminum 7429905 EPA 6010/6020 58,600 mg/kg
Antimony 7440360 EPA 6010/6020 0.86 mg/kg
Arsenic 7440382 EPA 6010/6020 46 mg/kg
Barium 7440393 EPA 6010/6020 371 mg/kg
Beryllium 7440417 EPA 6010/6020 2.2 mg/kg
Boron 7440428 EPA 6010/6020 34 mg/kg
Cadmium 7440439 EPA 6010/6020 0.7 mg/kg
Chromium 7440473 EPA 6010/6020 94 mg/kg
Cobalt 7440484 EPA 6010/6020 44 mg/kg
Copper 7440508 EPA 6010/6020 119 mg/kg
Lead 7439921 EPA 6010/6020 49 mg/kg
Lithium 7439932 EPA 6010/6020 91 mg/kg
Manganese 7439965 EPA 6010/6020 1,120 mg/kg
Molybdenum 7439987 EPA 6010/6020 3.2 mg/kg
Nickel 7440020 EPA 6010/6020 132 mg/kg
Potassium 7440097 EPA 6010/6020 14,400 mg/kg
Selenium 7782492 EPA 6010/6020 1 mg/kg
Silver 7440224 EPA 6010/6020 0.2 mg/kg
Sodium 7440235 EPA 6010/6020 1,780 mg/kg
Strontium 7440246 EPA 6010/6020 163 mg/kg
Thallium 7440280 EPA 6010/6020 1.2 mg/kg
Vanadium 7440622 EPA 6010/6020 175 mg/kg
Zinc 7440666 EPA 6010/6020 215 mg/kg
Zirconium 7440677 EPA 6010/6020 19 mg/kg
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1.0 Objective

The objective of this technical standard operating procedure (SOP) is to describe the sample location and utility clearance
protocols for the Phase 3 - Chemical Data Gap Investigation at the Santa Susana Field Laboratory (SSFL) site. Because
this phase of investigation is targeted at minimizing data gaps in the understanding of the nature and extent of chemical
contaminants in surface (0 to 0.5 foot) and subsurface (0.5 to 20 feet) soil, the precise location of each soil sample location
is very important.

2.0 Background

2.1 Definitions

Data Gap Analysis—An analysis that identifies specific soil sample locations and depths for which insufficient data exists.
The analysis is to minimize the data gap and ensure that collected data are representative of the study area. MWH, Inc.
(MWH; under a separate agreement with Department of Energy [DOE]) is performing this effort.

Staked Location—Proposed sample location marked on the ground surface either with fluorescent paint (on concrete or
asphalt), metal pins with fluorescent nylon whiskers, or wooden stakes marked with the sample location identifier installed
at the exact sample locations identified through the MWH data gap analysis.

GPS- Global Positioning System that measures east-west and north-south coordinates of sample locations.
GeoExplorer 6000 Series Handheld Unit—GPS field unit used to survey proposed and actual sample locations.

Utility Locate—A survey of all proposed sample locations for underground utilities, including, but not limited to, water lines,
sewer lines, storm sewer lines, gas lines, electric lines, and telecommunication lines. Performed by subcontractor.

Fisher TW-6-M-Scope Pipe and Cable Locator (or equivalent)-A field unit used to identify detectable electrically
conductive conduits or piping which may have no surface expression.

Radiodetection RD4000 Utility Locator (or equivalent)-A field unit used to locate the surface trace of a variety of buried
utilities.

Metrotech 50/60 Power Line Locator (or equivalent)—A field unit used to detect conduits that carry 60-cycle current.

3M Dynatel 2250 Cable Locator (or equivalent)-A field unit used to detect the surface trace of telephone and other
narrow gauge wiring.

2.2 Associated Procedures

SSFL SOP 2, Surface Soil Sampling

SSFL SOP 3, Subsurface Soil Sampling with Hand Auger

SSFL SOP 4, Direct Push Technology (DPT) Sampling

SSFL SOP 5, Backhoe Trenching/Test Pits for Sample Collection
SSFL SOP 6, Field Measurement of Total Organic Vapor

SSFL SOP 7, Field Measurement of Residual Radiation

SSFL SOP 8, Field Data Collection Documents, Content, and Control
SSFL SOP 14, Geophysical Survey
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= SSFL SOP 16, Control of Measurement and Test Equipment

2.3 Discussion

Geographic Information System (GIS) sample location files will be received from MWH for field verification and those
locations staked using global GPS location identification procedures. Office and field verification of GPS coordinates is
necessary for determining the precise location of each sample point and to ensure the adequacy of signal strength of the
GPS equipment. Inaccessible locations due to underground utilities, site geology, or that do not target the identified site will
be assigned alternate locations by CDM Smith. Using GPS, site coordinate data will be collected at the alternative location
and the updated surveyed location data will be electronically provided to MWH for updating the Area IV GIS. All proposed
sample locations will be marked in the field using fluorescent paint, metal pins, or wooden stakes. Following MWH review of
the relocated marked sample locations, CDM Smith will complete any additional required utility/geophysics clearances of
the sample location and initiate sampling. In addition, protection of cultural and natural resources is an integral portion of
locating sample points. Cultural, biological, and Native American monitors will be engaged throughout the process. Quality
control measures will be implemented during GPS field collection and during post processing of confirmed or relocated
sample locations. Staff responsible for GPS field collection will receive training on data collection and handling of data files
that will be documented in a logbook.

3.0 General Responsibilities
Field Team Leader - The field team leader (FTL) is responsible for ensuring that field personnel collect soil and sediment
samples in accordance with this SOP and other relevant procedures.

Site Health and Safety Technician— The person who will use field screening instruments to monitor all field activities for
VOCs and radiological contaminants and pre-shipment sample coolers. This person is a trained radiological technician who
works under the guidance of Science Application International Corporation’s (SAIC’s) Certified Health Physicist (CHP).

Site Geologist — The person responsible for attending sample location efforts and collecting and logging the soil sample.

Utility Locator Subcontractor — The subcontractor is responsible for identifying all buried utilities in the vicinity of sail
borings, trenches, and test pits.

4.0 Required Equipment

4.1 General

= Site-specific plans (e.g., Field Sampling Plan = 3M Dynatel 2250 Cable Locator (or equivalent) to detect the surface
[FSP] Addendum, health and safety) trace of telephone and other narrow gauge wiring

= Mapping of proposed sample locations = Fisher TW-6-M-Scope Pipe and Cable Locator (or equivalent)

= Mapping of known utilities = Radiodetection RD4000 Utility Locator (or equivalent)

= Fluorescent paint and metal pins or wooden = Metrotech 50/60 Power Line Locator (or equivalent) to detect
stakes conduits that carry 60-cycle current

= Field logbook = GeoExplorer 6000 Series Handheld GPS Unit

= 2-way radios = Sample rationale table (Table 1 of FSP Addendum)

= Monitoring and screening instruments per the
health and safety plan

5.0 Procedures

5.1 Field Staking
1. MWH provides specific data gap sample location information (i.e., GIS coordinates, map, and table) to CDM Smith for
field use. The sample information includes:
= Sample rationale (sampling objective)
=  Sample location
= Depth interval
= Analytical suite
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2. The figures showing proposed sample locations are provided to the cultural, biological, and Native American monitors
in advance of field verification so they can review their records for any cultural or biological resources in the vicinity of
the sampling areas.

3. A minimum of four working days advanced notice of field work is required for the cultural and biological resource
reviews. CDM Smith will meet with the monitors to discuss concerns. Sample locations in areas of resource concern
are reported back to CDM Smith and revised sample locations are discussed with DOE, the California Department of
Toxic Substances Control (DTSC) and MWH.

4. Once all locations have been reviewed, the GIS sample location coordinates are loaded into the GPS (See Section 5.2)
for field staking.

5. CDM Smith’s Sample Location Team mobilizes to each proposed sampling location. This Team consists of:

CDM Smith’s FTL/Geologist

CDM Smith Site Health and Safety Technician

Utility Location Technician

Science Applications International Corporation’s (SAIC’s) Archaeological/Cultural Resource Compliance
representative

SAIC’s Natural Resource Compliance representative

Native American monitor

6. The FTL locates each sample station using the GPS. The FTL verifies that the location addresses the sampling
rationale stated for the location in the FSP Addendum (Table 1). If it does, the location is marked with fluorescent paint
and metal pins with fluorescent nylon whiskers or wooden stakes at the precise GIS/GPS coordinates.

7. If the location is identified by the cultural, natural resource, or Native American monitor as a location of concern, they
will demarcate restricted areas as necessary and determine the degree of support necessary for each sample location
during the intrusive investigation (soil boring or excavation). Each proposed sample location is also preliminarily
screened for radiation.

8. Once staked, the FTL will escort the subcontract utility locator (See Section 5.3) to clear all proposed sample locations
for underground utilities. Samples locations affected by underground utilities will be noted, and an alternative location
staked to avoid the utility. All adjusted sample locations will be reviewed with DOE, DTSC, and MWH; and the cultural
and natural resource, and Native American monitors.

9. Proposed locations may be adjusted based on the following considerations:

sample locations that are impacted by overhead/underground utilities

sample locations that are impacted by steep or non-accessible terrain or exposed bedrock
sample locations that are impacted by archaeological/cultural resources

sample locations that are impacted by biological resources

sample locations that did not meet the intent of the MWH sample rationale

10. Using the final GPS coordinates, CDM Smith will provide the updated the sample location data to MWH for updating the
Area IV GIS. Staff responsible for collecting GPS data for the sample locations will receive training specific on data
collection and data file management including the following:

» Transferring data files from and to GPS unit

= Opening new files in GPS unit, collecting new points and properly closing data files

» Checking data files in GPS unit and on computer after daily download

» Field check of maps showing sample locations during sample event for consistency with sample identifiers,
numbering, and locations.

This training will be documented in a logbook. A revised sample location map will be incorporated into the FSP
Addendum and provided to DOE and DTSC.
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11. DOE, DTSC, and MWH will have the opportunity to review all sample locations in the field and approve/accept the
locations. Locations noted to be impacted or not meeting the intent of the sample collection rationale will be reviewed
and direction will be provided to the FTL. Coordinates for adjusted samples locations will be immediately collected
using the GPS unit and marked in the field as described above. Markers/paint of samples locations that will not be used
will be destroyed at that time.

12. At each location, additional field-check of the sample location (coordinates) will be performed using the GPS unit at the
time of sample collection.

5.2 GPS Survey
5.2.1 General
The following equipment is required to load and use GPS waypoint data for field surveys.
» ESRI ArcGIS Software
» Trimble Pathfinder Office Software
= TerraSync Software
= GeoExplorer 6000 Series Handheld Unit

The procedure to load and use GPS data consists of:

1. Load 2009 U.S. Department of Agriculture (USDA)National Agricultural Imagery Program (NAIP) color imagery onto
GPS with the Pathfinder Office data transfer utility

2. Prepare GPS unit for data logging based on Chapter 9 (Setup Section) in “TerraSync Software Getting Started Guide”,
which are as follows:

2.0 meter antenna height

30 positions logged and averaged for each collected sample location

Required accuracy < 1.0 meter

Quality of Global Navigation Satellite Systems (GNSS) positions logged will be controlled by the Trimble default
“Smart Settings” referenced on page 181 of Chapter 9 of the Software Guide.

cooTp

5.2.1 Method for Importing Sample Point Location Data
The following steps are used to load the data to the TerraSync software and should be done prior to navigating to a point
(Chapters 5 and 6 of “TerraSync Software Getting Started Guide” can be referenced for further help):
1. Open TerraSync software on GPS unit and select ‘Data’ in the section list button
2. Tap ‘Manager — Existing File’
3. Select ‘'MWH_SampleLoc.ssf’
4. Select ‘Map’ in the section list button
5. Tap ‘Layers — Background Files’
6. Check the box next to ‘SSFL_Aerial.sid’ and return to map view
7

Current location is denoted by a red x and the points on the map represent the MWH chosen sample locations.

The following steps must be taken to navigate to a given point (Chapter 7 of “TerraSync Software Getting Started Guide”
can be referenced for further help):

1. Walk toward the nearest sample location with the FSP Addendum mapping and aerial photo as a reference
2. Select the point with the ‘select’ tool from the map tool dropdown list
CDM
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3. Tap ‘Options — Set Nav Target’
4. Determine distance and bearing to target through the direction dial screen
5. A close-up screen will appear once target is within close proximity

6. Move toward the target and stop when the red x is within the center of the circle

7. Place the sample location pin or wooden stake at the base of the antenna

5.2.2 Coordinate Collection for Revised Sample Locations

The following steps will be taken to survey revised sample locations where the proposed location was deemed inaccessible
due to underground utilities or the presence of archaeological/cultural, natural resource, or Native American considerations.
CDM Smith will determine an alternate location for the sample and the coordinate data set will be updated using the GPS
unit (Chapter 6 of “TerraSync Software Getting Started Guide” can be reference for further help):

1. Select ‘Data’ in the section list button

2. Select ‘Update’ from the sub-section list button

3. Tap ‘Options — Logging Options’ and confirm it is set to ‘Update Feature (Replace)’

4. Return to the update features screen and select the sample location you intend to modify from the ‘Choose Feature’ list

5. Upload revised sample location files daily from hand-held GPS unit and send files to GIS specialists weekly for review.

6. FTL will field check maps of revised locations provided by GIS specialists for appropriate placement of sample
locations.

5.2.3 Quality Assurance/Quality Control

Proper operation of the GPS unit will be demonstrated prior to and at the conclusion of each day’s field activity. The
following two permanent survey control points located within the SSFL Area IV will used to confirm the accuracy of the GPS
unit:

Permanent Survey Control Point Northing Easting Elevation
Set 2x2 w/ MG Tag #1 1907959.668000 6346660.571000 1825.270
Set 2x2 w/ MG Tag #2 1909915.202000 6350452.377000 1854.230
Set 1-in Pipe w/ MG Plastic Cap #3 1906485.748000 6344437.803000 1870.060
Set 1-in Pipe w/ MG Plastic Cap #4 1905107.447000 6344791.648000 2134.570
Set 1-in Pipe w/ MG Plastic Cap #5 1908215.335000 6348977.693000 1816.780

At the beginning and end of day, the GPS unit will be positioned directly over the Control Point and the coordinates
recorded in the GPS unit. The GPS coordinates will be compared to the above stated survey control point coordinates. If
comparison of the coordinates is within the acceptable required accuracy (< 1.0 meter) of the instrument, the GPS unit is
locating properly and this information will be recorded in the logbook. If the coordinates are outside of the acceptable
required accuracy (< 1.0 meter), then the SSFL SOP 16 should be consulted. Generally, if any field equipment fails to
operate properly or provides inaccurate results, the field work will be temporarily suspended and the concern will be entered
on the calibration log form and field logbook (SSFL SOP 8). Work will not resume until proper calibration is achieved or
replacement equipment is received.
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5.3 Utility Location and Clearance

Prior to survey activities, all subcontractor equipment will be inspected by the FTL to ensure that the equipment meets
Occupational Safety and Health Act (OSHA) or other contract or SSFL health and safety requirements. Following
inspection, the utility locate survey will be conducted by the utility locator subcontractor:

1. Review GIS mapping of known utilities for utility types in vicinity of each proposed sampling location.

2. Using the geophysical instrumentation, search and mark on the ground the identified underground utilities, including,
but not limited to, water lines, sewer lines, storm sewer lines, gas lines, electric lines, and telecommunication lines
within a 10-foot radius of the sample location. Verify the proximity of any buried natural gas lines within 25-feet of the
sampling point.

3. Search and mark, if identified, any anomalies representing potential subsurface structures or obstructions (such as, but
not limited to, boulders, rebar, underground storage tanks, sinkholes, voids, buried artifacts, concrete pipes, etc.).
Where possible, the concrete slab thickness shall also be estimated.

4. Additional soil boring/test pit utility clearing of all locations within a 10-foot radius of an identified utility or anomaly. Any
identified utilities and anomalies shall be marked on the ground surface, on a hand-drawn sketch, and on a scaled site
map. Note: All test pit excavations require coordination and onsite oversight of the cultural, natural resource, and
Native American monitors.

5. Provide field notes, hand-drawn sketches and scaled maps of each survey location to the FTL at the conclusion of each
day. CDM Smith will make available to the subcontractor scaled base maps for the site.

All known surface and subsurface utilities located within the Area IV GIS will be used, in part, to determine the level of effort
for clearing individual boring/test pit locations in (a) non-developed areas and (b) developed or previously developed areas
or areas with known utilities. These areas and effort are discussed below.

5.3.1 Non-Developed Areas

The utility subcontractor will perform a reconnaissance survey of all areas that have no historic record of development and
are absent of known utilities (as illustrated by the Area IV GIS). The subcontractor will physically inspect all or a portion of
the area as necessary to provide assurance that the area does not contain utilities. The subcontractor will determine the
identification method and effort necessary and communicate this information to the FTL prior to commencing of sampling
activities in those areas. Following approval from the FTL or geologist, the utility subcontractor will clear soil boring/test pit
locations. The utility subcontractor will mark utilities/features on the ground within the designated areas using a color code
established by the American Public Works Association (and provided by the subcontractor).

5.3.2 Developed Areas and Areas with Know Utilities

In developed areas, the exteriors of the buildings, curbsides, streets, and/or land where building demolishing and
dismantling activities have taken place, the utility subcontractor will visually inspect proposed sample/test pit locations for
evidence of utilities. Exposed tracer wire or portions of metallic conduits and pipe will be used to conduct a signal with the
instrument appropriate for a given type of utility. All utilities/features identified using conductive signals will be marked on
the ground within the designated areas using a color code established by the American Public Works Association (and
provided by the subcontractor).

The utility subcontractor will physically inspect all or a portion of the proposed sampling/test pit area as necessary to
provide assurance that the area does not contain utilities and to identify any surface features (depressions, pits, trenches,
etc.) or anomaly representing potential subsurface structures or obstructions (such as, but not limited to, boulders, rebar,
underground storage tanks, voids, buried artifacts, concrete pipes, etc.).

For areas where soil borings are located within 10 feet, and test pits are within 50 feet, of an identified utility or identified
subsurface features or anomaly, additional clearing of the soil boring/test pit location will be required. The utility
subcontractor will provide additional clearing activities at these locations as described below.
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Equipment/instruments that do not use an induced current via pipe/conduit/wire will be swept over the ground surface within
the designated clearance area. The signals will be traced at the surface and the underground utility or features will be
delineated.

At a minimum, two 20-foot transects that are perpendicular to each other will be run within the diameter of each survey
area. The transects will be centered on the boring/test pit location. Any surface features and anomaly representing potential
subsurface structures or obstructions shall be identified and marked as appropriate. Where possible, the concrete slab
thickness shall also be estimated.

5.4 Onsite Equipment and Vehicle Requirements

All equipment will be cleaned prior to entering and leaving SSFL. Vehicles are restricted to asphalt roads and parking lots
and will be free of leaks. If vehicles or any equipment is leaking it will be taken out of service immediately and the fluids will
be contained. Under CDM Smith’s direction, the subcontractor will immediately clean up any petroleum or hydrocarbon fluid
spills. Boeing, DOE, and DTSC will be immediately notified of any spills at the site.

6.0 Restrictions/Limitations

6.1 GPS Survey Instruments

External factors with the potential to degrade the quality of GPS data and the locating capabilities of the GPS are inherent
within the GPS environment. A low signal to noise ratio (SNR), a high Position Dilution of Precision (PDOP), a multipath
(GPS signal hits a physical barrier, thus reducing reflectivity), and a changing satellite constellation can all impact the
quality of the GPS data. Because the equipment and logging settings are pre-determined for this project, inaccurate data
due to the aforementioned external factors and potential human input errors should be minimized. The quality control
procedures outlined in Section 5.2.3 will be followed to reduce GPS data quality issues/concerns.

7.0 References

National Geodetic Survey. 2012. “What We Do”. http://www.ngs.noaa.gov/INFO/WhatWeDo.shtml

Trimble. 2012. “GPS Pathfinder Office Software”.
http://www.trimble.com/mappingGIS/PathfinderOffice.aspx?dtID=applications&

. 2011. "TerraSync Software Getting Started Guide: TerraSync Software”. V5.10, Revision A.
http://trl.trimble.com/dscqi/ds.py/Get/File-529465/TerraSync_GSG_v510 RevA ENG.pdf. February.

U.S. Department of Agriculture (USDA) Farm Service Agency. 2012. “Imagery Programs”.
http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai.
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1.0 Objective

The purpose of this technical standard operating procedure (SOP) is to define the general techniques and requirements for
the collection of surface soil samples at the Santa Susana Field Laboratory (SSFL) site.

2.0 Background

2.1 Definitions
Grab Sample - A discrete portion of soil or an aliquot taken from a specific sample location at a given point in time.

Slide Hammer- A sampling tool used to drive and retract a 6-inch long thin-walled stainless steel sample collection sleeve
(approximately 2-inches in diameter).

Surface Soil- Soil that occurs at 0 to 6 inches below ground surface (bgs).

EnCore® Sampler- A single-use plastic sampling device, typically with a capacity of 5 grams, used to obtain undisturbed,
unconsolidated material samples (e.g., soil) for laboratory analyses. The sampler is inserted into a metal T-handle and the
open end of the sampler pushed directly into the soil.

2.2 Associated Procedures

= SSFL SOP 1, Procedures for Locating and Clearing Phase 3 Samples
SSFL SOP 6, Field Measurement of Total Organic Vapors

SSFL SOP 7, Field Measurement of Residual Radiation

SSFL SOP 8, Field Data Collection Documents, Content, and Control
SSFL SOP 9, Lithologic Logging

SSFL SOP 10, Sample Custody

SSFL SOP 11, Packaging and Shipping Environmental Samples
SSFL SOP 12, Field Equipment Decontamination

SSFL SOP 13, Guide to Handling Investigation Derived Waste

SSFL SOP 15, Photographic Documentation of Field Activities

SSFL SOP 16, Control of Measurement and Test Equipment

2.3 Discussion
Soil samples will be collected to determine the type(s) and level(s) of contamination in surface soil. All SOPs will be on
hand with the field sampling team.

3.0 General Responsibilities
Field Team Leader - The field team leader (FTL) is responsible for ensuring that field personnel collect surface soil
samples in accordance with the Field Sampling Plan (FSP) Addendum and this SOP.

Site Geologist — The person responsible for collecting and logging the soil samples.
Site Health and Safety Technician— The person who will use field screening instruments to monitor all field activities for

(VOCs and radiological contaminants and pre-shipment sample coolers. This person is a trained radiological technician
who works under the guidance of Science Application International Corporation’s (SAIC’s) Certified Health Physicist (CHP).
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4.0 Required Equipment at the Sampling Location

Site-specific plans (including Field Sampling Plan [FSP = Monitoring/screening instruments required by health and
Addendum, health and safety plan, and all SOPs) safety plan

Insulated cooler = Nitrile or other appropriate protective gloves
Plastic zip-top bags = Field logbook

Personal protective clothing and equipment = |ndelible blue or black ink pen and/or marker
Slide hammer with stainless steel sleeves = Decontamination supplies

EnCore samplers and T-handle = Paper towels or Kim wipes

Securely-seale